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Summary 

Given that South Africa is home to around 10% of all flowering plant species known to 

humans, the country is blessed with an abundance of natural resources. About 24,000 plant 

species have yet to be fully uncovered for the benefit of humanity, making this a significant 

resource. The use of traditional medicine to cure illnesses is still widespread in South Africa 

despite the country's rapid urban and infrastructure development, more westernization, and 

accessibility to typical western medical institutions. Intricately woven within South African 

culture, the use of medicinal plants to heal illnesses is still prevalent. Additionally, due to 

Africa's failing healthcare system, using medicinal plants for health reasons is a well-accepted 

alternative that is practiced by all races, classes, and socio-economic classes. Bio-active 

extracts, fractions, and compounds have been identified as effective treatments for 

inflammatory and diabetic disorders based mostly on ethnomedicinal and empirical 

knowledge on traditional applications of plants. South Africa is a country with a high plant 

diversity of over 30,000 species of higher plants and 3,000 of these plant species have been 

found to be used in the traditional medicine for anti-inflammatory purposes. Inspired by the 

traditional uses of plant species, various scientists have studied the anti-inflammatory 

activities of South African plant species.  

 

Current cosmeceutical and drug discoveries rely on the massive screening of natural product 

libraries against various extracellular and intracellular molecular targets to find novel 

chemotypes with the desired mode of action. In the pharmaceutical and cosmeceutical 

industries, there is an increasing interest in the demand for natural ingredients with potential 

health benefits, such as anti-inflammatory, anti-diabetic, and anti-cancer properties, in an 

effort to replace or lessen the usage of synthetic products. With 60% of marketed 

pharmaceuticals and cosmeceuticals, natural ingredients have long been a key source of 

medicinal and cosmeceutical scaffolds. Nature continues to prove to be a source of new 

bioactive molecules with high safety profiles, despite the fact that many synthetic chemists 

are focused on synthesizing potent compounds with high toxicity profiles for pharmaceutical 

and cosmeceutical goals. Therefore, natural product chemists keep looking for novel leads. 

As a continuation of these efforts, this study aimed to identify and develop new natural anti-

inflammatory ingredients from selected South African plant species for commercial 

application in different market sectors based on their traditional uses and literature data and 
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to isolate and characterize biologically active compounds using modern hyphenated analytical 

techniques from biologically active plant species. 

 

A literature survey was carried out to identify South African plants based on their traditional 

uses to include in this study. A scoring system was applied to rank them and 3 plant species 

(Scabiosa columbaria, Commiphora pyracanthoides and Pelargonium capitatum) belonging 

to three families were selected. The 3 plant species were collected from the University of 

Pretoria Experimental farm, KwaZulu Natal and Limpopo and extracted singly using cosmetic 

acceptable solvents (acetone, ethanol water/ethanol (1:1) and water). The extracts were tested 

in different assays (anti-inflammatory and skin even tone). After testing different extracts of 

the plant species, the ethanol extract of S. columbaria roots was selected for further evaluation 

to identify the compound/s responsible for the anti-inflammatory activity and development as 

a potential active herbal ingredient based on good anti-inflammatory efficacy data and no anti-

inflammatory reports in the literature.  

 

UPLC-QTOF-MS analysis of the ethanol extract of S. columbaria roots led to the tentative 

identification of fifteen compounds which are loganic acid (53) scrophuloside A1 (peak 2), 

3,4-dicaffeoylquinic acid (peak 3), cantleyoside (peak 4), sylvestroside III (peak 5), 

triplostoside A (54), hederagenin (55), maslinic acid (peak 8), 2-isoursolic acid  (56), 

glycyrrhetaldehyde (peak 10), pomaceic acid (57), euscaphic acid (58) and 3-

oxoglycyrrhetinic acid (61). 

 

The presence of loganic acid (62), cantleyoside -dimethyl-acetal (63), ursolic acid (64), 2-

isoursolic acid (65), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67) in 

the ethanol extract of S. columbaria roots was confirmed by isolation and structure elucidation 

of the compounds using MS and NMR data. Significant reduction of nitric oxide levels in 

RAW 264.7 macrophages was observed for ursolic acid (64) (12.5, 25 and 50 µg mL-1; 

0.0702, 0.0558 and 0.0357 µg/mLrespectively), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene 

(66) (12.5, 25 and 50 µg mL-1; 0.0543, 0.0327 and 0.0231 µg/mLrespectively) and 

hederagenin (67) (12.5 and 25 µg mL-1; 0.0735 and 0.0513 µg/mLrespectively) compared to 

the positive control aminoguanidine (12.5 µg mL-1; 0.0336 µg mL-1). At a concentration of 

25 and 50 µg mL-1, 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) demonstrated a potent 

reduction in nitric oxide level in RAW 264.7 macrophages. The compounds identified in the 

ethanol extract of S. columbaria roots will be used as chemical markers for quality control 
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purposes, for batch-to-batch reproducibility that is required for commercializing the herbal 

ingredient. The anti-inflammatory activity of 24-nor-2α,3β-dihydroxyolean-4(23),12-ene 

(66) has been reported for the first time in this work. The active compounds (ursolic acid (64), 

24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67)) were structurally 

similar and contained a β-hydroxy group at C-3. The compound 2- isoursolic acid (65) was 

inactive and had a hydroxy group at C-2 instead of C-3, which suggests that the position of 

the β-hydroxy group may play a role in the nitric oxide inhibition activity. A concentrated 

form of the ethanol extract of S. columbaria roots can be developed to have a higher 

concentration of the active compounds for commercial application as an anti-inflammatory 

ingredient.  

 

Diabetes is a global health problem and a national economic burden. Although there are many 

anti-diabetic medications on the market, there is still a need for innovative treatment agents 

with increased efficacy and less side effects. Because they are more diverse and have minimal 

side effects than synthetic medications, pharmaceuticals made from natural products are more 

appealing. In line with this quest, the Department of Science and Innovation (DSI) established 

the African Traditional Medicines collaboration, where research was carried out to find and 

create a new natural anti-diabetic ingredient. S. birrea was chosen because its leaves and stem 

bark have historically been used to treat conditions including diabetic mellitus. Although type-

2 diabetes mellitus was reportedly inhibited by S. birrea leaf extract, the compounds 

responsible for the anti-diabetic activity have not yet been identified, and their discovery will 

be helpful for commercial use. In order to discover the chemical compounds in S. birrea that 

are responsible for the anti-diabetic activity and to employ them as chemical markers for 

quality control purposes, this Ph.D. research was carried out. 

 

Of all the extracts of S. birrea leaves tested, aqueous extract 4 showed statistically significant 

activity including at the lowest test concentration (0.01 µg mL-1) and was selected to isolate 

and identify the compounds responsible for the anti-diabetic activity (glucose uptake activity). 

 

UPLC-QTOF-MS analysis of the spray-dried aqueous leaf extracts of S. birrea (aqueous 

extracts 1 and 4) led to the tentative identification of sixteen compounds which are quinic acid 

(peak 1), gallic acid (peak 2), procyanidin B2 (peak 3), gallocatechin (peak 4), Pistafolin A 

(peak 5), epicatechin (peak 6), myricetin-3-O-β-D-glucuronide (88), gossypin (peak 8), 

quercetin-3-O-(6''-galloyl)-β-D-glucopyranoside (peak 9), myricetin-3-O-α-L-
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rhamnopyranoside (peak 10), quercetin-3-O-β-D-glucuronide (89),  quercetin-3-O-

arabinoside (peak 12), quercetin-3-O-α-L-rhamnopyranoside (peak 13), kaempferol-3-O-α-

L-rhamnopyranoside (peak 14), myricetin (90) and quercetin (peak 16). The presence of 

myricetin (91), myricetin-3-O-β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) 

in the aqueous leaf extract of S. birrea was confirmed by isolation and structure elucidation 

of the compounds using MS and NMR data. Myricetin-3-O-α-L-rhamnopyranoside (peak 

10), gallic acid (peak 2), quercetin-3-O-arabinoside (peak 12) and quercetin-3-O-α-L-

rhamnopyranoside (peak 13) were previously reported to occur in S. birrea. Quinic acid 

(peak 1), myricetin (90) and quercetin (peak 16) were previously reported to have anti-

diabetic activity. Myricetin-3-O-β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide 

(93) have not been previously reported to occur in S. birrea. Myricetin (91), myricetin-3-O-

β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) significantly increased the 

glucose uptake in differentiated C2C12 myocyte cells at different test concentrations; 

myricetin (91) (0.1 and 10 µg mL-1; 85.7 and 109.1%, respectively), myricetin-3-O-β-D-

glucuronide (92) (0.1 and 10 µg mL-1; 61.6 and 88.8%, respectively) and quercetin-3-O-β-D-

glucuronide  (93) (0.1 and 10 µg mL-1; 40.9 and 43.9%, respectively) compared to the 

treatment of insulin (0.1 µM; 100%). At a concentration of 10 µg mL-1, myricetin (91) 

demonstrated both a potent and concentration-dependent stimulatory action on glucose uptake 

in the C2C12 myocytes, matching that of insulin, the positive control. Myricetin-3-O-β-D-

glucuronide (92) has not been previously reported to have anti-diabetic activity, and the 

combination of this compound with other known anti-diabetic compounds in S. birrea 

contributes to the plant’s anti-diabetic efficacy. These anti-diabetic compounds will be used 

as chemical markers for quality control purposes required for commercializing the herbal 

ingredient. This study provides scientific data to support the commercial application of the 

aqueous extract of S. birrea leaves as an anti-diabetic ingredient.  

 

By finding novel active components and molecules responsible for the biological efficacy to 

be exploited as chemical markers for commercial application, the project's ultimate purpose 

was accomplished. The indigenous knowledge on the use of medicinal plants proves to be 

useful for identifying ingredients and developing products for the various market sectors, and 

this research provides scientific evidence on the value of South Africa's plant biodiversity as 

a continuing source of biologically active ingredients. Secondly the bioassay guided isolation 

method used in the isolation of active compounds proved to be a useful technique with the 

bioassay acting as a specific detector at every purification step. Though it can be criticized for 
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being time consuming and resource intensive compared to the conventional method of 

isolation, the approach compensates for these shortcomings by its effectiveness.  
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Chapter 1:  General introduction 

1.1 The value of natural products as a source of new medicinal and cosmeceutical 

ingredients  

 

Natural products have long been a traditional source of medicine and are currently considered 

the most successful supply of potential drug leads with more than a million novel chemical 

entities discovered so far.1, 2 Most people from developing countries depends on drugs of 

natural origin. However, several plant metabolites have been used as precursors in the synthesis 

to improve their biological potential. Sixty percent of the drugs currently on the market have 

originated from nature.3 Successful drugs derived from natural sources include, but are not 

limited to, morphine (the analgesic from Papaver somniferum), penicillin (the antibiotic from 

Penicillium notatum), doxorubicin (from Streptomyces peucetius), tetracycline (from 

Streptomyces aureofaciens), cyclosporine (from Tolypocladium inflatum), metformin (an anti-

diabetic drug from Galega officinalis), taxol (an anti-cancer drug from Taxus brevifolia), 

vinblastine (an anti-cancer drug from Catharanthus roseus), quinine (an anti-malarial drug 

from Cinchona spp.) and artemisinin (an anti-malarial drug from Artemesia annua).2, 3  

 

The existence of communicable and non-communicable diseases and the challenges faced in 

discovering drug leads that can cure these diseases with minimal or no side effects is a major 

challenge. Irrespective of drug development for managing and treating diseases such as 

malaria, hypertension, HIV/AIDS, diabetes, inflammation and cancer, these diseases 

continuously affect different populations worldwide with significant fatalities. There is a need 

for innovative drug discovery strategies. In the past few decades, there has been an increase in 

the use of medicinal plants for health promotion and treatment of diseases in many countries 

including developed countries (UK, China, Germany, France).4, 5 About a quarter of drugs 

approved by the Food and Drug Administration (FDA) and the European Medical Agency 

(EMA) and South African Medicines Control Council (SAMCC) are plant-based.6, 7  

 

The cosmetic industry is focusing efforts on identifying new natural ingredients from plants. 

Consumers are more conscious of the products they use with a preference to the use of natural 

products instead of products containing synthetic ingredients. Undesirable ingredients include 

silicone, artificial colours, parabens and retinoids which may cause skin irritation, dryness, 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



2 
 

burning, or tingling. Skin-lightening ingredients such as hydroquinone have been reported to 

have severe side effects leading to skin cancer. Plants are rich in bioactive ingredients with 

potential cosmetic and pharmaceutical applications.8, 9 As a result, different plants have been 

explored by the cosmetic industry in search of natural active ingredients which show anti-

aging, and UV protective effects in combination with medicinal properties such as anti-

microbial, anti-inflammatory, anti-allergy and anti-oxidant.10 These cosmetic ingredients with 

medicinal or drug-like properties are called cosmeceuticals.11 Cosmeceuticals derived from 

natural sources include soy, azelaic acid, ascorbic acid, licorice, emblica and belides.12 

 

1.2 Bioprospecting natural product libraries for medicinal and cosmeceutical 

discoveries 

 

Natural products (NP) have evolved millions of years to elicit precisely tuned biological 

effects. As a result, many natural products occupy chemical space that is different from and 

complementary to that in synthetic libraries making natural product libraries attractive for 

medicinal and cosmeceutical discovery. Large screening campaigns have demonstrated the 

need for high quality molecular libraries in order to promote drug and cosmeceutical discovery. 

A major goal for developing libraries was to address the issues that have made natural products 

less amenable to the high throughput paradigm. These include the complexity of crude extracts, 

dereplication time, and a lag in prioritization of lead compounds compared to synthetic 

libraries. However, advances in approaches to natural product drug and cosmeceutical 

discovery incorporating new technologies have helped to overcome these difficulties. The 

pioneering work by researchers at Sequoia sciences set the stage for combining MS analyses 

with the generation of large natural product libraries.13   

 

Natural product libraries became the approach adopted by different countries. In the United 

States of America, PhytoPharmacon is one of the largest natural product library/repositories. It 

has over 30,000 plant derived extracts and compounds collected from ethnobotanical based 

plants including 4000 plant extracts from different plant species, 25,000 semi-purified 

phytochemicals and 500 pure compounds based on bioassay guided fractionation and 

purification.14 PharmaMar is the first company in the world to possess a large library of marine 

organisms with over 350,000 samples.15 Analyticon have assembled a 25,000 pure natural 

product library over the last 20 years based on about 2000 different chemotypes that are 

available in a ready for screening format.16  
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One of the largest and most varied collections of natural products is found at the Natural 

Product Repository of the National Cancer Institute (NCI). It includes more than 230,000 

different extracts made from plants, marine and microbial organisms that were obtained from 

biodiverse places across the world. It has created pre-fractionated library from over 125,000 

natural product extracts with the aim of producing a publicly accessible, High throughput 

screening (HTS)-amenable library of > 1,000,000 fractions. Over 300, 000 fractions are now 

available for screening. It currently has 326,656 pure compounds.17 

 

Currently, in South Africa, the University of Pretoria has a repository of ~11000 dry plant 

samples and 4000 samples comprising of extracts and fractions formatted in 96-well plates and 

stored for easy replication for evaluation in different screening programmes. Hyphenated 

analytical technologies such as HPLC-MS, HPLC-MS-NMR and UPLC-QTOF-MS were used 

for chemical characterization of the plant samples in the library. This library of extracts, 

fractions and compounds represents the South African plant biodiversity, and through 

collaborations can serve as a backbone for the discovery of potential hits for medicinal and 

cosmeceutical industries.18    

 

1.3 Inflammation and anti-inflammatory ingredients 

 

The term inflammation is coined from the latin word “inflammare” meaning “to burn”.19 

Inflammation is a biological function triggered by harmful chemical, physical or biological 

agents and auto-immune responses.20 Most times these agents are classified as pathogens 

(bacteria, fungi, viruses), pollutants (toxic compounds), hypersensitivity and shock or burn 

(trauma).21 It is a complex process during which the body repairs tissue damage and protects 

itself against harmful stimuli. Inflammation is characterized by different symptoms such as 

redness, swelling, itching, heat and pain.22 It can be defined as acute and chronic based on the 

type of response and competence of the action to get rid of the foreign agent or injured tissue. 

Acute inflammation occurs rapidly with the association of plasma protein, fluid and migration 

of neutrophils while chronic inflammation is a lengthy process associated with vascular 

proliferation, fibrosis, macrophage and tissue damage.23 It is characterized by the enhancement 

of deteriorating sicknesses including, diabetes, inflammation, heart disease, etc. Most of the 

organs affected during inflammation are the skin, kidney, intestinal tract, heart, liver, lungs, 

pancreas, brain and reproductive organs.20  
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Monocytes and macrophages produce cytokines. The basic roles of cytokines in inflammatory 

processes include the activation of cells involved in inflammation (such as mast cells, 

macrophages and neutrophils), enabling communication between them, inducing synthesis of 

prostaglandin and affecting C-reactive protein synthesis.24 There are two types of cytokines: 

proinflammatory cytokines (such as interleukins and nitric oxide) and anti-inflammatory 

cytokines. The predominance of proinflammatory cytokines leads to systemic inflammatory 

reaction while that of anti-inflammatory cytokines gives rise to anti-inflammatory response.24  

Regulation of inflammatory process and cellular response also involves eicosanoids which 

include prostaglandins (PGD, PGE and PGF), thromboxanes, prostacyclins, leukotrienes (LTB, 

LTC, LTD), mediators which arise as a response to stimuli from arachidonic acid connected 

with the cell membrane in the form of phospholipids.24   

 

Prolonged inflammation plays a significant role in the progression of many diseases including 

cardiovascular diseases, cancer, autoimmune diseases, etc. These diseases are slowly disabling 

or fatal and affect a high percentage of the population.25 The inhibiting inflammatory response 

has become one focus of treating these diseases. Many researchers have demonstrated that 

macrophages, the key inflammatory cells are closely associated with the pathologic process of 

inflammation.26 Macrophages release an array of mediators including proinflammatory and 

cytotoxic cytokines, reactive oxygen intermediates and nitric oxide (NO) all of which have 

been implicated in the pathogenesis of tissue injury. Activated macrophages transcriptionally 

express inducible nitric oxide synthase (iNOS), which catalyzes the oxidative deamination 

of L-arginine to produce NO and is responsible for the prolonged and profound production of 

NO.27 High-output NO by iNOS can provoke deleterious consequences such as septic shock 

and inflammatory diseases. Based on these observations, it has been hypothesized that 

inhibiting high-output NO production in macrophages, by blocking iNOS expressions or their 

activities, could serve as the basis for the potential development of anti-inflammatory drugs.27 

 

1.3.1 Types of inflammation 

 

Inflammation occurs in two stages: acute and chronic inflammation.28 The acute inflammatory 

response is a complex but highly coordinated series of events involving cellular, molecular and 

physiological changes.29 It is characterized by early vascular leakage with the extraction of 
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fluid and plasma components and massive recruitment of neutrophils that absorb invading 

pathogens and release proinflammatory mediators and reactive oxygen species (ROS) leading 

to damage of tissues and membrane lipid oxidation; neutrophils subsequently undergo 

apoptosis (cell death) an important step in the resolution of inflammation. As a result, certain 

monocytes begin to infiltrate and mature into macrophages, which are then responsible for 

clearing out germs, cellular debris, fibrin, protein clots and apoptotic cells. In addition, 

proinflammatory mediators are dissipated and anti-inflammatory pro-resolving mechanisms 

are initiated, finally, normal vascular permeability is restored leading to a termination of 

leukocyte emigration and restoration to normal tissue function.30 However, if defects arise 

during any part of this highly conserved pathway, inflammation persists and becomes chronic 

lasting for longer periods (days, months or years) leading to excessive tissue damage.29 

 

Chronic inflammation is therefore characterized by prolonged duration caused by persistent 

infections, immune-mediated inflammatory diseases, or prolonged exposure to toxic reagents. 

This results in severe tissue destruction caused predominantly by mononuclear macrophages.31 

Macrophages are dominant cellular players in chronic inflammation with a lifespan of several 

months to years. Chronic inflammation results in the pathogenesis of various prevalent diseases 

in modern western civilization such as rheumatoid arthritis; cardiovascular diseases such as 

myocardial infarction and atherosclerosis; various neuropathological disorders such as 

alzheimer’s disease, diabetes, stroke and cancer through dysregulation of various signaling 

pathways such as nuclear factor kappa-B (NF-kB), signal transducer and activator of 

transcription 3 (STAT 3), etc.29 Hence targeting the inflammatory pathways has a high potential 

in preventing and eradicating these deadly diseases.28 

 

1.3.2 Inflammatory pathways 

1.3.2.1 Role of macrophages in inflammation 

 

Macrophages are innate immune cells present in the tissue and necessary for homeostasis. They 

can be generated from monocytes in the blood after their activation and tissue infiltration. They 

also play a key role in regulating the response to inflammation through the transition of their 

phenotypes.32 There are two phenotypes of macrophages namely: classical activated (M1) 

phenotype which promotes inflammation and the alternatively activated (M2) phenotype which 

terminates inflammation for tissue repair. These phenotypes are two extremes of a continuum 

of macrophage function.33 Several mediators can orchestrate macrophages to differentiate into 
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M1-macrophages, they include lipopolysaccharide (LPS) and inflammatory cytokine such as 

interferon (IFN)-γ.34 Furthermore, macrophages activated by IL-4 and IL-13 develop into 

alternatively (M2) activated macrophages which suppress inflammatory reactions and adaptive 

immune responses. The important role of macrophages in inflammation response may be a 

novel target for developing therapeutic pathways to treat a wide range of inflammatory 

diseases.32 

 

1.3.2.2     Role of nitric oxide in inflammation 

 

The role of nitric oxide (NO) in the skin has been the focus of considerable attention during 

the past years. NO play a key role in orchestrating the skin’s response to external stimuli such 

as ultraviolet (UV) light, heat, response to infection, wound healing as well as possible 

underlying pathological conditions.35 The free radical nitric oxide is synthesized by the 

oxidation of L-arginine by a family of enzymes called NO synthase (NOS). Three isoforms of 

NOS have been described: Endothelial NOS (eNOS) and Neuronal NOS (nNOS) are 

constitutive NOS (cNOS) isoforms, and they produce picomolar to nanomolar quantities of NO 

for short periods and have homeostatic roles such as limiting UV-induced epidermal apoptosis, 

maintaining blood pressure, inhibiting platelet aggregation and leukocyte adhesion. 

Conversely, the third type of NOS Inducible NOS (iNOS) is inducible by noxious conditions 

such as injury, infection and inflammation. It is expressed by stimulation of inflammatory 

cytokines and UV radiation and generates significantly greater and more sustained amounts of 

NO.36 While moderate levels of iNOS-derived NO are beneficial in contrast expression of 

iNOS has been linked with most acute and chronic inflammatory disorders eg. tumors, 

alzheimer’s disease, liver injury, septic and hemorrhagic shock. Although all three NOS 

isoforms are involved to a greater or lesser extent during inflammation, the role of iNOS 

appears to be dominant.  

 

Inducible high level of NO production mediates several inflammatory diseases either by having 

a direct effect or as a regulation of inflammatory pathways. Therefore, the balance between 

induction and suppression of iNOS may underlie much of the physiology and pathology of 

inflammation.37 Although scientific evidence involves NO in the pathophysiology of 

inflammatory processes, there are contradictory reports in the literature concerning its role as 

an anti-inflammatory or proinflammatory agent. These properties of NO have led it to be called 

a “double-edged sword”.37 NO from eNOS likely play a role in the early stages of inflammation 
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whereas NO from iNOS contributes to many aspects of chronic inflammation. Therefore, the 

use of suitable iNOS inhibitors may be beneficial for the treatment of inflammatory diseases.37 

 

 

    Figure 1.1: Biosynthesis of Nitric oxide (NO).38 

 

1.3.3 Natural anti-inflammatory ingredients 

 

The role of natural products as herbal remedies (and traditional medicine) has been recognized 

over centuries to combat human diseases such as cancer, cardiovascular disease and 

inflammatory diseases.39, 37 Plants offer chemically diverse compounds which can be 

developed into drugs for the treatment of inflammatory diseases. The widely used drug aspirin 

was derived from salicylic acid which occurs naturally in the bark of the willow tree. Aspirin 

has analgesic and anti-pyretic properties and is used to treat rheumatic diseases.40 Since then, 

the exploration of natural bioactive compounds has led to the discovery of numerous secondary 

metabolites with potent anti-inflammatory activity.41 Plants reported to have anti-inflammatory 

activity include Allium sativa, Aloe vera, Boswellia serrata, Ficus carica, Nigella sativa, 

Rosmarinus officinalis, Zingiber officinale, Verbena officinalis, Curcuma longa L, Vitis 

vinifera L. and Eriobotrya japonica.42 Literature reports on bioactive compounds confirmed 

the anti-inflammatory potential of various classes of metabolites such as terpenoids, 

polyphenols, alkaloids, steroids and macrolides.20 The potent bioactive entities isolated from 

the plants namely curcumin, epigallocatechin-3-gallate and andrographolide have been proven 

to be active against inflammation and inflammatory mediators.43 
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Curcumin (1) is a polyphenol derived from the rhizome of Curcuma longa (turmeric). It 

exhibits different pharmacological activities through its interaction with a wide range of 

molecular targets, therefore, exhibiting anti-oxidant, anti-inflammatory and anti-cancer activity 

in different models of diseases. An in vitro study revealed the inhibitory effect of curcumin 

against lipoxygenase (LOX) and cyclooxygenase (COX) at non-toxic concentrations through 

nrf2-mediated gene transcription. These findings propose that curcumin possesses pleiotropic 

anti-inflammatory and cytoprotective actions that confer protection against microbial sepsis 

and other diseases.44 Nevertheless, curcumin has low water solubility, poor absorption, 

elimination and rapid metabolism which limits its utilization.45 

 

Epigallocatechin-3-gallate (EGCG) (2) is the most abundant catechin found in green tea 

(Camella sinensis). It protects against inflammation in prostate cancer cells by inhibiting gene 

induction of proinflammatory cytokines and chemokines, the activity of MMP-2 and -9 and 

cell migration. It also exhibits an anti-neuroinflammatory effect on atopic dermatitis thereby 

inhibiting IL-1β+Aβ induced IL-6, IL-8 and COX-2 expression in human astrocytoma cells. 

Its treatment for early-stage atopic dermatitis has entered phase II and III clinical trials.43 On 

the other hand, the pro-oxidant nature of EGCG has been questioned, due to excess intake of 

EGCG which induced toxicity in animal models and human subjects. High-dose EGCG 

overproduces ROS, resulting in the damage of anti-oxidant defence in the body.46 This limits 

its use in some patients. 

 

Andrographolide (3) is the active labdane diterpenoid constituent isolated from Andrographis 

paniculata which occurs in South China and is used extensively in traditional Chinese medicine 

for detoxicating and heat-clearing. Studies have shown that inhibition of cell migration is a 

major contributor to the anti-inflammatory activity of andrographolide.47 In another study, 

andrographolide exhibited its anti-inflammatory effects thus reducing the expression of COX-

2.48 According to previously published studies, the adverse drug reaction of andrographolide 

derivative injections include those of skin mucous membrane (itching, edema, rash, flushing), 

digestive system (vomiting, nausea, abdominal pain) and blood system (leukopenia and 

thrombocytopenia). This calls for caution in the use of compounds as it can cause life-

threatening diseases.49 
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Figure 1.2: Chemical structures of curcumin (1), epigallocatechin-3-gallate (2) and 

andrographolide (3). 

 

1.3.4 Current anti-inflammatory drugs/ medicines 

 

Currently, steroidal and non-steroidal anti-inflammatory drugs (NSAIDS) with anti-

inflammatory, analgesic and other curative effects are the most commonly used classical 
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treatments for inflammation in clinical practice. However, long-term use of these drugs can 

cause adverse reactions such as gastrointestinal damage, liver and kidney dysfunction and skin 

diseases. Therefore, finding natural compounds without toxic effects and good curative effects 

to replace anti-inflammatory drugs is an urgent issue to be solved in the clinical treatment of 

inflammation-related diseases.50 Later, advances in molecular, chemical, cellular, biological 

and technological development led to the discovery of numerous drug targets like AMP-

activated protein kinase (AMPK) for anti-inflammatory drug discovery.51 Anti-inflammatory 

drugs are described in this section. 

 

Aspirin is the most successfully used anti-inflammatory agent. It is a non-selective COX 

inhibitor having more selectivity towards COX-1. It inhibits the production of thromboxane A2 

in platelets and that of PGI2, therefore, enhancing its use in coronary blockades. Furthermore, 

it acts at the hypothalamus causing an increase in peripheral blood flow, sweating and therefore 

cooling. Though, aspirin is an important drug in the management of inflammation, it is also 

associated with gastrointestinal side effects resulting in distress, nausea and vomiting.52 

Ibuprofen is an aryl propionic acid derivative widely used as an analgesic. It is also a non-

selective COX inhibitor. Its efficacy is comparable to that of aspirin in anti-inflammatory 

assays with a lower side effect. It is associated with headaches, dizziness, nauseous and 

indigestion.53 Sulindac is an indene acetic acid derivative used as an anti-inflammatory 

analgesic. It has a half-life of 8 hours and is used in the treatment of rheumatoid arthritis, 

ankylosing spondylitis and osteoarthritis. Its anti-inflammatory effects could be due to the 

inhibition of COX-1 and COX-2 which leads to the inhibition of prostaglandin synthesis.  It is 

also associated with adverse effects such as gastric bleeding, nausea and dizziness.53 

 

Indomethacin is an indole acetic acid derivative introduced in 1965 as anti-inflammatory 

analgesic used in rheumatoid arthritis, osteoarthritis and spondylitis. The anti-inflammatory 

activity of indole acetic acid analogs increases with an increase in the acidity of carboxylic acid 

while the amide analogs are devoid of activity. It is associated with dose-dependent effects 

such as gastric distress, headache and peptic ulcer.53 Rofecoxib is the first diaryl furanone 

marketed in 1999 as a selective COX-2 inhibitor. It possesses anti-inflammatory, analgesic and 

anti-pyretic activity. It is used in the treatment of rheumatoid arthritis, acute pain and primary 

dysmenorrhea. Gastric injury is the side effect reported on the long-term use of this drug. It 

was withdrawn from the market in September 2004 as studies showed that it is associated with 

thrombotic and cardiovascular adverse side effects.53, 54 
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1.4 Diabetes mellitus and anti-diabetic ingredients 

 

Diabetes is a complex, chronic, fast-growing and non-communicable endocrine disorder of 

global concern associated with a high risk of developing metabolism-related complications in 

patients. It is characterized by hyperglycemia, hyperlipidemia and oxidative stress.55 Diabetes 

is associated with various complications caused by damage to body organs such as vision 

impairment, renal failure, cardiovascular disease, diabetic foot ulcer and mortality.56 The world 

health organization (WHO) has expressed considerable concern over the global burden of 

diabetes. In 1980, WHO estimated the cases of diabetes to be 108 million worldwide but by 

2017, this figure had spontaneously increased to 425 million people with diabetes, an increase 

of about 400% across that period. This figure equates to approximately 9% of the adult 

population over 18 years of age globally with equal representation from both males and 

females. The growing rate of diabetes is mostly observed in low-middle-income developing 

countries. The number of people with this disease is expected to rise exponentially and it is 

estimated that more than 642 million people will be diagnosed with diabetes by 2040.57 

Diabetes mellitus is estimated to be responsible for 3.2-5 million deaths globally and this high 

death rate places an increasing burden on the healthcare system with the global cost of diabetes 

estimated to be 727 billion US dollars in 2017. This cost is prone to increase with an increase 

in diabetes levels in the future.57 

 

1.4.1 Types of Diabetes mellitus 

 

Diabetes comprises 3 types which include Type 1 diabetes, Type 2 diabetes and Gestational 

diabetes. Among these, Type 2 diabetes is the most common type of diabetes.55 

 

1.4.1.1 Type 2 Diabetes mellitus (T2DM) 

 

T2DM is the most common class of DM with adult onset. In T2DM, the body develops an 

insulin resistance, resulting in a decrease in the amount of glucose that can be removed from 

the blood and stored as glycogen. Initially, the body produces higher amounts of insulin to 

compensate for this resistance but subsequently, quantity of insulin becomes unsustainable 

eventually leading to the damage of pancreatic β-cells. This gives rise to insufficient insulin 

action leading to hyperglycemia.58 Insulin resistance gives rise to increased production of 
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glucose in the liver and reduced consumption of glucose by skeletal muscle and adipose 

tissue.59 This together with pancreatic β-cell dysfunction gives rise to hyperglycemia. Studies 

have shown that people with T2DM possess lack of glucose transporter 4 (GLUT4) vesicles 

on the plasma membrane which is the result of resistance developed in the signaling cascade 

of the individual.60 

 

T2DM is a complex form of DM and accounts for more than 90% of the estimated cases of 

diabetes impacting the quality of life, life expectancy and individual health. There is no cure 

for T2DM and its prevalence is largely increasing with an increased risk of complications such 

as diabetic retinopathy, neuropathy, kidney damage, microvascular and cardiovascular 

complications. T2DM can be managed by changes in diet and lifestyle that help to control 

plasma glucose levels which can be achieved by stimulating the secretion of insulin through 

medication and or dietary control.61 

 

 

Figure 1.3: Pathophysiology of hyperglycemia in Type 2 diabetes mellitus.62 
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1.4.2 Natural anti-diabetic agents 

 

Several studies have reported ethnomedicinal approaches for diabetes treatment and the use of 

plant-based natural products.55 The multifactorial pathogenicity of diabetes mellitus requires a 

multi-modal therapeutic approach. Future treatment strategies might require the combination 

of different types of anti-diabetic agents including a strategy to use multicomponent-based 

natural products.63 The use of natural substances especially plants to alleviate illnesses is an 

ancient practice. Many medicinal plants remain relevant in present-day medicine not only due 

to their application as crude drug preparations and formulas but also because they are the source 

of novel chemical entities that have become a mainstay of modern therapy. About 50% of the 

drugs in the market are from plant origin.64 For example, Metformin, a less toxic biguanide and 

potent oral glucose-lowering agent was obtained from Galenga officinalis and is being used as 

a first-line drug for the treatment of diabetes mellitus.65 About 400 plant species having 

hypoglycemic activity have been reported in the literature. Some of these promising natural 

anti-diabetic plant species include Camellia sinensis, Curcuma longa, Gymnema sylvestre, 

Panax ginseng, Capsicum annum, Glycine max, Rhizoma coptidis, Silybum marianum, Carica 

papaya and Zingiber officinale.66 Most plants contain bioactive components such as alkaloids, 

flavonoids, terpenoids, glycosides, phenolics, etc. that were scientifically proven to have anti-

diabetic activities.67 With the rapid advancement of novel technologies and increased research 

on anti-diabetic natural products, many new plants, their extracts and active principles have 

been found to exhibit anti-diabetic effects which may provide valuable chemical entities to 

develop as novel anti-diabetic agents to supplement existing chemotherapies.68 Some of them 

include curcumin, epigallocatechin-3-gallate, genistein and Momordica charantia.  

 

Curcumin (1) is a bioactive component found in the rhizomes of Curcuma longa commonly 

known as turmeric. Curcumin significantly reduces the level of blood glucose and glycosylated 

hemoglobin (HbA1C) and improves the sensitivity of insulin. Curcumin also regulates diabetic 

neuropathy.69 Due to the limitation of curcumin stated in section 1.2.3, it reduces its use as an 

anti-diabetic agent. Epigallocatechin-3-gallate (EGCG) (2) is a bioactive polyphenol found in 

green tea. Reports have shown its stimulation of glucose uptake to inhibit gluconeogenesis in 

skeletal muscle cells. It suppresses hepatic gluconeogenesis in isolated hepatocytes and 

attenuates insulin signaling blockade in HEPG2 cells. The anti-inflammatory and anti-oxidant 

properties of EGCG enable it to reduce the formation of free radicals and cause beneficial 

effects in diabetic mice. The prooxidant nature of this compound as stated in section 1.2.3 limits 
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its use in patients. Genistein (4) is one of the most common isoflavones found in Glycine max 

and have been reported to prevent diabetes. Genistein is known to have several beneficial 

effects on pancreatic beta cells such as increased insulin secretion, cell proliferation and the 

prevention of pancreatic beta cell apoptosis.66 A combination of genistein and guggulsterone 

or green tea catechin and capsaicin suppressed adipogenesis and lipid deposition and increased 

lipolysis in 3T3-L1 adipocyte cells. Genistein is also reported to protect human pancreas cells 

that expressed estrogen receptor-b against high glucose-stimulated cell apoptosis and the 

prevention of their propagation through estrogen-receptor and Bcl-2 pathways.55 However, 

genistein has also been reported to exert adverse effects by favoring cancer cell proliferation 

in patients with breast cancer.70 Momordica charantia (MC) also known as bitter gourd or 

melon is a native shrub of Asia, Africa and Australia. It has a long history of use in traditional 

medicine in these regions and has been more recently incorporated into Chinese medicine.71 

Extracts from MC have demonstrated insulin-mimetic and insulin-secreting properties. It has 

also been shown to increase glucose consumption in the liver and decrease glucogenesis.72 MC 

acts in synergism with common oral hypoglycemic agents such as metformin and 

glibenclamide. Its synergistic effect while potentially beneficial in the management of DM may 

also increase the risk of hypoglycemic episodes in patients taking both MC and oral 

hypoglycemic medication.73  
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Figure 1.4: Chemical structure of genistein (4). 

 

In addition to diet and physical activity, emerging evidence for several natural products has 

shown potential benefit in the treatment of diabetes mellitus and its applications. Natural 

products are appealing due to their multitude of effects and minimal side effect profile 

compared to conventional medications. However, some of these natural products have known 

drug interactions and the most common side effects attached to them. Some of these side effects 

are still unknown due to undiscovered metabolites that are the result of microbial degradation 

in the human body.73 As a result, pharmaceutical studies on natural products are continuing to 
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discover and explore lead structures that may facilitate the development of new anti-diabetic 

drugs as a useful template.74 

 

1.4.3 Current anti-diabetic drugs/ medicines 

 

Different classes of compounds have been discovered that can modify metabolic processes to 

reduce plasma glucose levels. The list of approved hypoglycemic agents is shown in table 1.1. 

These agents are chosen based on different factors such as blood glucose level, nature of 

diabetes, age, other medical situations of the individual, or use of drugs.55 

 

Table 1.1: List of commonly used glucose-lowering agents and their mechanism of action 55 

Chemical class Drugs Mechanism of action Adverse effect 

Biguanides Metformin Decrease in hepatic glucose production 

through AMPK kinase activation 

Abdominal 

discomfort 

Diarrhea 

α-glucosidase 

inhibitors 

Acarbose 

Miglitol 

Inhibition of α-glucosidase enzyme 

which gives rise to controlled or slow 

metabolism and absorption of 

carbohydrate 

Flatulence 

Diarrhea 

Meteorism 

Sulfonylureas Glimepiride 

Glyburide 

Glipizide 

Stimulates insulin secretion by 

pancreatic β-cells through the closure of 

KATP channel 

Hypoglycemia 

Weight gain 

Thiazolidinediones Pioglitazone 

Troglitazone 

Rosiglitazone 

Enhanced insulin sensitivity through 

activation of nuclear transcription factor 

and peroxisome proliferator receptor-γ 

Edema 

Increased risk of 

bone fracture 

Meglitinides Nateglinide 

Repaglinide 

Stimulates insulin secretion by 

pancreatic β-cells through the closure of 

KATP channel 

Hypoglycemia 

Weight gain 

Dipeptylpeptidase-4 

(DPP-4) inhibitors 

Linagliptin 

Sitagliptin 

Alogliptin 

Saxagliptin 

Inhibits dipeptidyl peptidase enzyme and 

increased concentration of propandial 

incretin giving rise to decreased 

glucagon secretion and increased insulin 

secretion 

Rare clinically 

significant side 

effect 

Dopamine agonist Bromocriptine Increased insulin sensitivity mediated by 

activation of dopaminergic receptors and 

modulation of hypothalamic regulation 

of metabolism 

Headache 

Nausea 

Dizziness 

Diarrhea 

Vomiting 
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Sodium-glucose 

cotransporter-2 

(SLGT2) inhibitors 

Dapagliflozin 

Canagliflozin 

Empagliflozin 

Decreased reabsorption of glucose by 

kidney due to inhibition of SLGT2 in the 

proximal nephron 

Urinary and genital 

tract infections 

Hypotension 

Glucagon-like 

peptide-1 (GLP-1) 

Liraglutide  

Albiglutide 

Lixisenatide 

Dulaglutide-

Exenatide 

 

Increased insulin secretion and decreased 

glucagon secretion through activation of 

GLP-1 receptor 

Vomiting 

Nausea 

Diarrhea 

Amylin analogs Pramlintide Secretion of glucagon through activation 

of amylin receptors 

Nausea 

Insulin Aspart 

Glulisine 

Lispro 

Glargine 

Detemir 

 

Binds to the insulin receptor and 

activates glucose transport GLUT4. PIP3 

(Phosphatidylinositol-3,4,5-triphosphate) 

and tyrosinase phosphorylated guanine 

nucleotide exchange proteins enhance 

GLUT4 translocation from the cytosol to 

the plasma membrane 

Hypoglycemia 

Weight gain 

 

Based on these factors, the health care provider may prescribe one medication or a combination 

of medications to achieve a normal blood glucose level. Metformin, a member of the biguanide 

group is the first line glucose-lowering agent in type 2 diabetes. Other second-line 

hypoglycemic medications include α-glucosidase inhibitors, sulfonylureas, thiazolidinedione, 

meglitinides, etc.55 Many of these oral anti-diabetic agents have serious adverse effects (table 

1.1); thus, managing diabetes without any side effect is still a challenge. Therefore, the search 

for more effective and safer hypoglycemic agents has continued to be an important area of 

investigation.75 

 

1.5 Melanogenesis and antimelanogenesis ingredients 

 

Melanin is a pigment that occurs in humans, fungi and plants. It is responsible for the colour 

of eyes, hair and skin in humans.76 The pigment is secreted and produced by the melanocytes 

cells which are distributed in the basal layer of the dermis through a physiological process 

called melanogenesis.77, 78 Melanocyte cells produce two different types of melanin pigments: 

eumelanin, which is black or brown, and pheomelanin, which is red or yellow.78 Each 

individual of a different racial group has roughly the same number of melanocyte cells; 
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therefore, the type of melanin produced depends on how well the melanocytes work, for 

example melanin production is genetically predisposed to be higher in people with darker 

skin.79, 80 The size and clustering of melanosomes, which are organelles found within 

melanocyte cells, are the primary structural pigmentation differences between dark and light 

skin. Melanosomes are larger solitary organelles in dark skin and smaller and clustered in light 

skin.80, 81 Through the absorption of UV radiation and the elimination of reactive oxygen 

species, melanin serves as the skin's defence against UV light damage.76 Tyrosinase is a crucial 

enzyme involved in the synthesis of melanin.82 Tyrosinase overactivity causes 

hyperpigmentation of the skin, and its underactivity causes hypopigmentation of the hair. The 

enzyme's underactivity can happen in any age group based on a person's genes, but the 

enzyme's overactivity is linked to aging.76 Tyrosinase, also known as polyphenol oxidase, is a 

monooxygenase that contains copper and catalyzes two different processes involving 

molecular oxygen: hydroxylation of tyrosinase to 3,4-dihydroxyphenylalanine (DOPA) by the 

action of monophenolase and oxidation of DOPA to DOPA-quinone by action of diphenolase.82 

 

Melanogenesis alterations may be responsible for various skin disorders, causing both aesthetic 

problems and dermatological issues. Senile lentigo, post-inflammatory melanoderma, 

melasma, pigmented freckles, and acne scars are examples of hyperpigmentation phenomena 

that are defined by the darkening of a skin area brought on by the overproduction of melanin. 

Hyperpigmentation is a rather frequent and typically unharmful condition that can be 

influenced by both external (UV radiation, medications including antibiotics, non-steroidal 

anti-inflammatory drugs, psychiatric drugs, pain relievers, birth control pills, etc.) and internal 

(hormones, inflammation, etc.) causes.83 Contrarily, hypopigmentation refers to the loss of skin 

pigment brought on by a reduction in melanocytes, melanin, or the amino acid L-Tyrosine, 

which is necessary for the production of melanin. 

 

1.5.1 Natural antimelanogenesis ingredients 

 

Currently, most cosmetic products contain various types of skin even tone ingredients either 

found in natural, semi-synthetic or synthetic forms. In addition to resulting in a brighter and 

even complexion skin tone, it is claimed that skin even tone agents are used to prevent 

hyperpigmentation by reducing melanin production.84 The use of available skin even tone 

products commercialized in a market has some controversial and doubtful safety issues to the 

users. This is a result of dangerous even tone compounds like hydroquinone and mercury being 
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added to cosmetic goods to produce an immediate and stronger even tone effect.84 According 

to a survey, customers are seriously concerned about the safety of these chemicals due to their 

numerous negative impacts on the body's health and the skin, such as skin irritation, contact 

dermatitis, depigmentation, ochronosis and toxicity of the organs.85, 86 To protect consumers, 

the Ministry of Health has strongly forbidden the use of these dangerous compounds as skin 

even tone agents in cosmetic items. However, due to their safety, affordability, and lack of side 

effects, natural skin even tone solutions are a superior option to those chemical substances.87 

Soy, kojic acid, arbutin, and azelaic acid are natural skin-even tone ingredients that can prevent 

hyperpigmentation with minimal side effects on the skin. 

 

Soy (Glycemic max) is a legume that is high in protein and fibre. Soymilk contains 3.5% 

protein, 2% fat, 0.5% ash, 2.9% carbohydrates and a high amount of isoflavones that scavenge 

free radicals released by UV exposure to prevent skin aging and protects against UV-induced 

skin damage.88 Natural soybeans contain small proteins, Bowman-Birk inhibitor and soybean 

trypsin inhibitor. This depigmenting effect is available only with fresh soymilk and not 

pasteurized soymilk.89 Total soy is now being added to skin care products to help with solar 

lentigines and patchy hyperpigmentation, which are common side effects of photodamage.90 

However, soy can result in moderate gastrointestinal side effects such as nausea, bloating, and 

constipation. In certain people, it can also result in allergic reactions that include rashes, 

itching, and breathing difficulties.88  

 

Kojic acid (5) is a tyrosinase inhibitor derived from various fungal species such as Aspergillus 

and Penicillium. It exhibited mushroom tyrosinase inhibition activity with an IC50 value of 

0.014.89 It functions as an anti-oxidant and blocks the conversion of dopamine and O-quinone 

into their respective melanin and DL-DOPA, respectively.91 Additionally, kojic acid blocks 

tyrosinase's catecholase activity, which is necessary and the rate-limiting enzyme in the 

manufacture of the skin pigment melanin.92 According to a study, kojic acid has a significant 

potential for sensitization and can result in irritating contact dermatitis.89 Arbutin (6) isolated 

from the fresh fruit of the California buckeye, Aesculus california is reported by various 

researchers to inhibit the oxidation of L-DOPA catalyzed by mushroom tyrosinase with an IC50 

value of 0.04.89 It is effective in the topical treatment of various cutaneous hyperpigmentation 

characterized by hyperactive melanocyte function.93 A recent study indicated that arbutin 

inhibits melanin synthesis by inhibiting tyrosinase activity. Nevertheless, arbutin is reported to 

have side effects such as redness, itchiness, dryness, blisters and contact dermatitis.89 A 
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naturally occurring dicarboxylic acid produced from Pitysporum ovale is azelaic acid (7). Its 

lightening effect appears to be selective and most noticeable in highly active melanocytes, with 

minimal effects in normally pigmented skin 89. Azelaic acid (7) was successfully used by Fitton 

and Goa in a study to treat rosacea, solar keratosis, and hyperpigmentation linked to burns and 

herpes labialis. They applied azelaic acid at concentrations of 15% or 20% twice daily for 3–

12 months. This treatment produced clinical and histological resolution in facial lentigo 

maligna.94 Transient erythema and skin irritation marked by scaling, itching, redness and 

burning are some of its most common side effects 89. 
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Figure 1.5: Chemical structures of kojic acid (5), arbutin (6) and azelaic acid (7). 

 

1.5.2 Current antimelanogenesis ingredients 

 

As the population ages, dyspigmentation due to photoaging will become more common and 

consumers are increasingly requesting treatment for this cosmetic problem.95 While 

hydroquinone monotherapy and other prescription-strength topicals are fairly effective, they 

have drawbacks, including high cost, possible skin irritation and the need to limit the duration 

of use. It is therefore likely that in the future, more products containing effective but less 

irritating ingredients will continue to be developed as skin even tone ingredients. The following 

are some currently used skin depigmentation and lightening agents and their adverse effects.89 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



20 
 

For skin whitening, hydroquinone (8), a common chemical, is easily accessible in cosmetic and 

over-the-counter forms. It is frequently used to treat melanosis and other hyperpigmentary 

illnesses and is regarded as one of the most powerful inhibitors of melanogenesis both in vitro 

and in vivo.96 Melasma, post-inflammatory hyperpigmentation, and other hyperpigmentation 

problems have all been successfully treated with this phenolic chemical (hydroquinone).97 The 

development of exogenous ochronosis, sooty hyperpigmentation in the treatment area that may 

be difficult to reverse, and skin irritation or contact dermatitis are among hydroquinone's 

frequent adverse effects, according to Kamau et al.98  

 

Corticosteroids (9) are classified according to their potencies from class I (most potent) to class 

VII (least potent) and are most frequently used in combination with hydroquinone and/or 

mercurial in skin lightener solutions. Licensed in 1973, clobetasol propionate is a class I 

fluorinated corticosteroid that produces hypopigmentation or skin whitening as well as 

vasoconstriction and immunosuppression. Clobetasol propionate was quickly included in skin-

lightening treatments and found widespread use in many African and Afro-Caribbean 

communities because it is highly stable and capable of penetrating the epidermal and dermal 

skin layers. Unfortunately, long-term usage of this extremely strong corticosteroid can have 

serious side effects such as cutaneous atrophy and clinical signs of thin, fragile skin.99 Today, 

the vast majority of skin even tone agents include a form of retinoid (10). All trans-retinoic 

acids, 13-cis retinoic acid (isotretinoin), retinol, retinaldehyde, and tazarotene are examples of 

topical retinoids. Retinoids, which are well known for their anti-aging properties, lighten 

hyperpigmented skin by reducing melanosome transfer from epidermal melanocytes and 

obstructing the transcription of tyrosinase and the manufacture of melanin. Dryness, irritability, 

skin colour changes, photosensitivity, redness, swelling, crusting, and blistering are some of its 

negative effects.99 Glycolic acid (11) is an alpha-hydroxy acid derived from sugarcane, and it 

may have two skin even tone effects. At low concentrations, glycolic acid has an epidermal 

discohesive effect, which results in more rapid desquamation of pigmented keratinocytes. At 

higher concentrations, glycolic acid results in epidermolysis. When glycolic acid is used in the 

treatment of post inflammatory hyperpigmentation, it has been suggested that it should be 

initiated at low concentrations to avoid skin irritation and exacerbated hyperpigmentation. 

Common side effects of glycolic acid include dry skin, erythema, burning sensations, itching, 

skin irritation and skin rashes 89.   
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Figure 1.6: Chemical structures of hydroquinone (8), clobetasol propionate (9) retinoid (10) 

and glycolic acid (11). 

 

1.6 Problem statement and justification 

 

It has been well established that inflammation contributed to the pathological processes of 

various chronic diseases such as inflammatory bowel disease, atherosclerosis and alzheimer’s 

disease. Anti-inflammation has been a promising strategy to suppress or delay these diseases.100 

The currently available repertoire of approved anti-inflammatory agents mainly consists of 

non-steroidal anti-inflammatory drugs (NSAIDS), glucocorticoids, immunosuppressant drugs 

and biologicals. Despite this arsenal, therapy is often not effective enough or is accompanied 

by intolerable side effects which weaken the overall potential of anti-inflammatory treatment. 

Thus, the identification of substances with an inhibitory effect on iNOS expression would hold 

tremendous potential in advancing the treatment of inflammatory or chronic immune 

disorders.101 

 

The use of medicinal plant therapies to treat chronic inflammatory illnesses such as skin 

inflammation, rheumatoid arthritis and inflammatory bowel diseases (IBD) is prevalent and on 
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the rise. Plants are an important source of biologically active natural products and could be 

considered a promising means for the discovery of new drugs due to easy access and low cost. 

Despite the therapeutic benefits of aspirin (as mentioned earlier), it is associated with upper 

gastrointestinal (GI) side effects including ulcer and bleeding.102 The development of 

standardized herbal medicines with proven efficacy and safety of use is therefore of great 

importance not only for increasing access to medicines but also for offering new therapeutic 

“hits”.103 

 

One of the parts of the global beauty market with the quickest growth is the skin even tone 

sector. According to global industry analysts (GIA), the market for universal skin even tone 

will reach $23 billion by 2020.104 A recent meta-analysis reported an estimate of 27.7%, with 

Africa having a current estimated frequency of 27.1%, showing the ubiquity of skin even tone 

use on a global scale.105 The need for lighter skin tones has been fuelled by a long history of 

social divisions, including cultural pressures and stigmas. Injections, creams, lotions, soaps, 

and other products used to treat hyperpigmentation conditions are frequently misused as self-

medication to lighten the skin's tone. Steroids, mercury, hydroquinone (HQ), which is regarded 

as the gold standard, and its derivatives are among the most frequently utilized substances.  

 

Exogenous ochronosis and viral dermatosis are two health issues linked to the long-term usage 

of these skin-lightening chemicals. These substances have been prohibited as skin even tone 

agents in a number of African nations, including South Africa, Nigeria, Kenya, and the Ivory 

Coast, due to their toxicity. Despite this ban, these harmful substances are frequently illegally 

added to cosmetic formulations, and the public continues to have access to them through 

unofficial means such as street sellers, markets, and non-pharmaceutical stores.106, 107 

Botanicals and natural substances, on the other hand, present safer choices because they could 

not be as hazardous as synthetic ones and might result in less negative side effects.108 In many 

cultures, utilizing plant extracts as cosmetics to promote skin health is a standard practice in 

traditional medicine. This may be explained by the fact that plant extracts are a rich source of 

vitamins, anti-oxidants, essential oils, and other bioactive substances that give the body the 

nutrition required for good skin.109 The significant advancement of research using plant extracts 

in cosmetics demonstrates the growing interest of researchers and pharmaceutical companies 

in developing natural skin even tone products.110 
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Several local plants in South Africa such as Scabiosa columbaria have been traditionally used 

for the treatment of skin-related diseases such as acariosis, dermatitis, eczema, follicular acne, 

measles and rash.111, 112 Despite their traditional use, the anti-inflammatory activity of S. 

columbaria and P. capitatum have not been reported in the literature, furthermore, though the 

anti-inflammatory activity of C. pyracanthoides have been reported, its bioactive constituents 

have not been identified, therefore this study investigated S. columbaria, C. pyracanthoides 

and P. capitatum as  sources of anti-inflammatory ingredients. In addition, though the skin 

even tone activity of S. columbaria has been reported, the compounds responsible for the 

activity have not been investigated. Therefore, this study examines the skin even tone activity 

of S. columbaria. 

 

Due to growth in population, urbanization, aging, lifestyle alterations, increasing prevalence of 

obesity and inadequate exercise, the past two decades have experienced a tremendous increase 

worldwide in the number of people diagnosed with diabetes mellitus (DM). DM and its 

complications are costly to manage not only for affected individuals but also for the healthcare 

system around the world. According to IDF, DM accounts for 5-10% of the total healthcare 

budget in many countries.113 The increasing prevalence of DM has motivated the development 

of many new approaches such as oral hypoglycemic agents and insulin therapy to treat 

hyperglycemia to maintain a normal glucose concentration and prevent the development of 

complications.114 Although oral hypoglycemic agents and insulin are the therapeutic approach 

for the treatment of DM and are effective in controlling hyperglycemia, these chemical drugs 

are complicated by many factors inherent to the disease process, typically insulin resistance, 

hyperinsulinemia, hypertension, impaired insulin secretion and cholesterol abnormalities. Most 

of them have prominent side effects and fail to significantly eliminate the course of diabetic 

complications. As the presently available therapeutic approaches have limitations concerning 

systemic efficacy, patient compliance and adverse effects, it has prompted a tremendous effort 

worldwide in the search for alternative treatment strategies for this metabolic disease.115 

 

Before the advancement of modern medicine, plant-based therapies were used for the treatment 

and maintenance of diabetes mellitus. The Egyptian Papyrus Ebers records the use of various 

grains in the treatment of diabetes mellitus and numerous texts have described the use of herbs, 

spices and other plant materials for the same purpose.116, 117 Because of the adverse effects and 

cost associated with the current anti-diabetic drugs, the use of natural products as alternative 

therapies are dramatically increasing. It has been estimated that more than 1000 plant remedies 
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are used globally for the treatment and maintenance of diabetes mellitus. One such medicinal 

plant with reported anti-diabetic properties is Sclerocarya birrea. This plant has been 

traditionally used to treat diabetes and some of these uses were documented in literature.118 

Both its stembark and leaves were shown to possess glucose-lowering properties in several in 

vitro studies.119-121 However, information on the compounds that contribute to the anti-diabetic 

activities of the plant species remains scanty. The present study primarily examines the anti-

diabetic activity of S. birrea leaf extract and targeted the isolation and identification of 

chemical compounds responsible for the biological activity through bioassay-guided 

fractionation.  

 

1.7 Aim and Objectives 

 

The aims of the study were:  

To identify plant species with anti-inflammatory, anti-diabetic and skin even tone activity and 

to characterize new and known anti-inflammatory and anti-diabetic compounds using modern 

hyphenated analytical techniques from the selected plant species as well as develop 

standardized ingredients for commercial application. 

The overall objectives of the study were: 

• Selection of plants based on traditional uses for treating inflammation, skin even tone, 

diabetes mellitus and related symptoms (information obtained from the University of 

Pretoria repository). 

• Literature searches on reported scientific uses of the selected plants. 

• Collection, extraction, in vitro anti-inflammatory, skin even tone and anti-diabetic 

biological efficacy testing of extracts.  

• Obtaining chemical profiles of plant extracts using UPLC-QTOF-MS. 

• Identification, isolation and purification of bioactive compounds using UPLC-QTOF-

MS, silica gel chromatography, LC-MS-SPE-NMR and mass directed preparative 

HPLC. 

• Structure elucidation of biologically active compounds using UPLC-QTOF-MS and 

NMR. 

• In vitro anti-inflammatory and anti-diabetic screening of bio-active compounds. 

 

The subdivision of the work were as follows: 
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Chapter 1 presents the general introduction of the work. 

 

Chapter 2 provides the selection of South African plants from University of Pretoria 

repository, literature searches on scientific uses of plants, collection and extraction of the 

selected plants using industry-accepted solvents, in vitro anti-inflammatory (selected 

proinflammatory cytokines inhibition assay) and melanin inhibition assays of extracts and 

chemical profiling of the active extracts. 

 

Chapter 3 is a continuation of chapter 2 that describes collection, extraction and in vitro anti-

inflammatory screening (nitric oxide inhibition assay) of the selected plant species (S. 

columbaria) from Chapter 2, chemical profiling of the active extracts, fractionation of the 

active extracts, biological screening of the fractions, isolation of compounds from the active 

fraction/s, their structural elucidation and in vitro anti-inflammatory screening (nitric oxide 

inhibition assay) of the bio-active compounds. 

 

Chapter 4 discusses the in vitro glucose uptake activity of different collections of a plant 

species (S. birrea) based on the reported traditional use, chemical profiling and fractionation 

of the active extracts, biological screening of the fractions, isolation of compounds from the 

active fractions and their structural elucidation and in vitro glucose uptake activity of the bio-

active compounds. 

 

Chapter 5 provides an overall conclusion of the study. 
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Chapter 2: Evaluation of South African plant species for anti-

inflammatory activity and skin even tone 

2.1 Introduction 

2.1.1 The role of ethnobotany in the selection of plants 

 

Herbal medicine is still utilized in the healthcare system, especially in the underdeveloped 

countries. This traditional medicine is passed down through generations based on the 

experiences that was there long before any written records existed.1 Numerous drugs including 

morphine, artemisinin, quinine, aspirin and many others, are derived from traditional uses.2 

This traditional use of plants for health care is called ethnobotanical medicine.3 Traditional 

medicine encompasses all alternative medical philosophies, typically excluding so-called 

"Western" medicine. In general, plants employed in diverse kinds of traditional medicine have 

varying potential therapeutic properties, depending on the level of authenticity of the associated 

medical practice. Traditional Chinese, Ayurvedic, and Unani medical systems, for instance, are 

all founded on theories (beliefs may vary), formal education, and a written historically accurate 

past. The systems are frequently updated in light of experience and contemporary thinking. In 

these activities, the apprentice system is used to pass on knowledge from one person to another, 

from father to son, or from guru to disciple. These systems generally lack a formal teaching 

component, and the information is frequently treated as highly confidential and not recorded 

in writing. Despite the doubts of western-trained medical professionals and scientists regarding 

the value of information resulting from any of these systems, collectively they are currently 

providing for the primary healthcare requirements of the majority of the world's population, 

and this source must not be disregarded in any program of rational drug development, starting 

with plant materials.4 

 

2.1.2 Plant collection approaches and selection criteria 

 

For researchers conducting phytochemical analysis of medicinal plants with the goal of 

isolating and identifying the active ingredients, it is important that the right choice of plant 

species must be made. This decision is challenging given the variety of plants that haven't been 

thoroughly investigated from a phytochemical and pharmacological standpoint.5 A variety of 

methods or selection criteria can be used to choose plant materials. These criteria include 
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details on their traditional or folk medical uses, high taxonomic diversity of the source material, 

chemotaxonomic relationships of previously known biological activity in an organism, 

promising biological test results (published or unpublished) on a particular plant in a previous 

study, toxicity of plant and field observation on signs of interaction between organisms.6  

 

It is widely accepted that folk or traditional medicinal uses of plants indicate the presence of 

biologically active constituent(s) in a plant. The prolonged and continuing use of a particular 

plant in an indigenous culture to treat certain ailment should provide a demonstration of 

efficacy. Collecting plants with such uses for drug testing is believed to increase the odds in 

discovering new medicines.6 The screening of a huge collection of varied plant samples for one 

or more biological activities is a second and extremely popular method for discovering new 

plants. This strategy is justified by the observation that a broad range or array of taxonomic 

variety reflects a great diversity of chemical compounds, as each species of plant produces a 

unique set of chemicals as a result of millions of years of biological evolution. The term 

"random collection" is frequently used to describe this screening technique. Compared to an 

ethnobotanically based drug discovery approach, the discovery reservoir is much deeper in 

biodiversity-based search, however in view of the large number of plants to be looked at, and 

the large number of therapeutic categories against which tests have to made, biodiversity-based 

drug discovery approach is considered a very expensive process while the chances of discovery 

are very low.6  

 

Related plant taxa tend to produce similar chemical compounds. The closer the taxonomic 

relationships, the better are the chances that similar or related compounds may occur in these 

taxa. In cases where a molecule or compounds have significant medical or pharmaolgical 

implications, efforts are undertaken to locate analogous or comparable compounds among 

allied taxa. Different forms belonging to the same species, different species in the same genus 

and even different genera in the same family. Such knowledge is the basis of chemotaxonomy.7 

Positive and promising laboratory (in vitro) test results for an extract provide a strong basis to 

go back to the field to recollect samples of the same taxon of plant in a large quantity for further 

studies. Data on such activity may be obtained from unpublished laboratory test of samples 

originally collected based on the criteria described above or from published literature sources. 

This criterion is important to guide on the plant species to be selected especially if it has been 

reported for the biological activity of interest.6 Another criteria to take into account when 
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choosing a plant species is the toxicity of the species. Reported toxicity (low or high toxicity) 

of a plant species can reduce the chances of selecting a plant species. 

 

During plant collecting expeditions, field observations are obviously very important. A species 

which grows in a hostile environment (such as tropical forest) in which there is a danger of 

attack from insects, bacteria, fungi or virus will attempt to protect itself by synthesizing 

insecticidal, anti-bacterial, fungicidal or virucidal constituents. Queiroz et al. reported that the 

berries of Phytolacca dodecandra, were used as a traditional soap to kill snails. This allowed 

the discovery of a new class of molluscicidal compounds, the saponins. Field observation have 

been increasingly recognized to be an important criterion in selecting plant(s) for collection of 

biomedical evaluation. Unfortunately, examples of cosmeceuticals that have been discovered 

through this approach are not available while the reservoir for discovery through this approach 

is scarce.5 

 

A multifactorial plant selection method employing various criteria (as discussed above) was 

applied in order to select plant species that were screened for anti-inflammatory and anti-

melanogenesis activity. For each criterion (traditional medicinal uses, published scientific 

findings and toxicity), an arbitrary score system was ascribed to the species and the sum of 

these enabled the comparison of potential candidates. 

 

2.1.3 Inflammation, cosmeceuticals used for skin inflammation and bioassays used in 

assessing anti-inflammatory agents 

 

The skin encounters daily onslaught by exogenous stimuli. Noxious stimuli sometimes result 

in injuries and/or infections, leading to wound, inflammatory dermatoses, skin ageing or skin 

carcinogenesis. Inflammation takes place in response to these damages to the normal skin 

barrier. At the molecular level, the inflammatory response participates in a series of complex 

repair pathways related to the innate immune response, cutaneous differentiation and skin 

barrier repair.8 Initially, upon inflammatory response, the keratinocytes and the innate immune 

cells are activated.9 Secreted cytokines such as IL-1α, TNF-α and IL-6 induce the chemokines 

of chemotaxis that attract the immune cells to the site of injury and infection. Reactive oxygen 

species are produced by activated keratinocytes and immune cells.8 The inflammatory 

microenvironment contributes to tissue repair and infection prevention/control. However, the 

chemokines produced by activated keratinocytes and immune cells are also able to damage the 
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skin tissue in proximity to the target of the inflammatory response. Therefore, the intensity of 

inflammation and the time to resolution are critical in avoiding or at least limiting damage to 

normal skin tissue.9 Thus, modulation of inflammation is important in maintaining skin 

homeostasis. If the initial acute response fails to resolve the causative factor, then the 

inflammatory response will continue, and the subsequent inflammatory microenvironment will 

disrupt skin homeostasis. If the dysregulation of inflammatory skin response persists, chronic 

inflammation dermatoses such as atopic dermatitis, psoriasis, skin ageing and other skin 

disorders arises.10  

 

Considering the increased vulnerability to environmental damage and the development of skin 

diseases, skin disorders caused by inflammation have gained increased attention from 

dermatologist. Skin disorders such as psoriasis, atopic dermatitis, acne, eczema and skin lesions 

associated with inflammation have thus led patients to consider the use of cosmetic products 

for improved skin condition.11 Cosmeceuticals have gained popularity because of widespread 

acceptance of the apparent safety and reduced side effects of compounds isolated from natural 

sources. The role of some cosmeceutical products in the treatment of skin inflammation 

disorders is described as follows: Chronic inflammation has been closely linked with skin 

ageing.12 Skin ageing is influenced both by intrinsic and extrinsic factors that result in the loss 

of structural integrity and physiological function.13 Chronic inflammation as a result of sun 

exposure occurs in response to the release of proteolytic enzyme including TNF-α and IL-6 

from keratinocytes that disrupt the permeability of the stratum corneum.13, 14 Pharmaceuticals 

targeted at reversing chronic inflammation have been recommended as plausible regimes for 

the treatment of skin aging.12 They are described in section 2.1.4. 

 

Atopic dermatitis (AD) is associated with excess immunoglobin E production and 

inflammation is a characteristic indication of the disorder.16 Topical steroids are used as 

standard treatment to reduce inflammation in patients suffering with AD. Although, topical 

steroids provide rapid relief, their use has been associated with significant adverse effect 

including acne, excessive hair growth, atrophy and hypopigmentation.17 The anti-inflammatory 

properties of aloe including their role in atopic dermatitis are well documented. Finberg and 

colleagues evaluated the anti-inflammatory activity of A. ferox and A. vera gel extracts and 

reported a reduction in cutaneous inflammatory responses in 2,4-dintirochlorobenzene 

challenged mice models after topical treatment through a reduction in serum immunoglobulin 

E (IgE) levels which is an important antibody that has been linked with AD.16 The 
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phytochemical constituents of A. vera may thus be promising alternatives to topical 

corticosteroids in the treatment of AD. Therefore, looking for high performance anti-

inflammatory ingredients for skin care products from plants is considered to be a promising 

strategy for preventing skin diseases and inflammation associated disorders.  

 

There are several models to test the anti-inflammatory effects of topically applied agents. The 

in vitro models currently used in screening for cosmeceutical ingredients are as follows: 

Relatively simple and easy to produce two-dimensional (2D) skin cell cultures that allow 

assessment of response to a given stimulus. It can be considered the simplest in vitro model for 

analysing the cellular phenomena involved in the epidermal inflammatory process. Though this 

model do not take into account the complex structures and interactions within the tissues, they 

have an advantage of being able to assess the response of specific cells to a given stimulus.19 

Another commonly used cell culture for anti-inflammatory studies is RAW 264.7 from LPS 

stimulated murine macrophages which was used by Mokdad et al. to demonstrate the anti-

inflammatory effects of free and liposome encapsulated thermal water on the skin. A significant 

reduction in the production of nitric oxide (NO) and a modulation of the production of TNF-α 

were observed.20 Wu et al. established a coculture of HaCaT and U937 cell lines to find 

bromodomain and extra-terminal domain (BET) antagonists for the inhibition of skin 

inflammatory genes. Effective BET inhibitors were tested in a mouse model of imiquimod-

induced psoriasis form dermatitis. This in vitro selection accurately predicted therapeutic 

efficacy in vivo. 21 The second in vitro model is three-dimensional (3D) cell culture that better 

mimic human skin physiology by more accurately replicating mechanical and chemical signals. 

This model is used to evaluate chemicals and other constituents such as skin irritation, 

corrosion, absorption and penetration.18 The third in vitro model is skin on a chip which plays 

a role in mediating inflammatory response because it is the pathway by which immune cells 

migrate between lymphoid organs and peripheral tissues. 22, 23 Skin on a chip device have 

numerous biomedical applications including skin disease modelling, cosmetic development, 

skin health monitoring and cosmetic delivery efficiency studies.24  

 

In vivo testing is the most reliable means to evaluate the anti-inflammatory effects of topically 

applied agent. However, due to the sensitivity of the animals used for in vivo testing and the 

potential harm that they get exposed to during experimental use, substituting the use of animals 

for in silico and in vitro techniques with the use of tissues of ethical origin is what is currently 

in use.18 The  in vitro models have the potential to aid in the search for effective therapeutics 
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for skin inflammation and are promising tools for future investigations. For the purpose of this 

study, the two-dimensional cell culture in vitro model was used to screen for anti-inflammatory 

ingredients from the selected plant species (S. columbaria, C. pyracanthoides and P. 

capitatum). 

 

2.1.4 South African plants researched for skin inflammation 

 

Many South African plants are used traditionally for their anti-inflammatory properties. Four 

selected plant species, namely Acokanthera oppositifolia, Plantago lanceolata, Conyza 

canadensis and Artemisia vulgaris were reported to be part of plant species used in South 

Africa to treat infection and inflammation-related diseases.25 The use of rooibos and honeybush 

in the treatment of skin disease has gained popularity worldwide. In addition to their rich anti-

oxidant content, the anti-inflammatory properties of these species have bolstered their 

pharmaceutical appeal. Magcwebeba et al. described the anti-inflammatory activity of 

methanolic and aqueous rooibos and honeybush extracts in terms of their ability to inhibit 

UVB-induced accumulation of IL-α and the promoted apoptosis of cells that accumulate excess 

IL-α. 15 Fermented honeybush extracts displayed similar activity against UVB-induced damage 

in HaCaT keratinocytes where the expression of IL-1β, IL-6 and IL-8 were suppressed.15 The 

extract was capable of upregulating the activity of epidermal barrier proteins including 

involucrin, filaggrin and loricrin and as the barrier function of the skin is improved so is the 

structural integrity of the skin. 

 

Very little is known about the effects of South African medicinal plants in cytokine assays. 

Aqueous leaf extracts of Adansonia digitata induce a significant decrease of IL-6 and IL-8 in 

vitro.26 The methanol leaf extract of Ximenia caffra inhibits mRNA expression of 

proinflammatory genes (IL-6, iNOS and TNF-α) using RT-qPCR in vitro. The extract 

significantly decreased the NF-kβ transcription activity in a dose-dependent manner by 

approximately 60% compared to the control. Furthermore, a significant decline was observed 

in the expression of IL-6, up to almost 100-fold compared to the untreated LPS induced cells. 

27 Aspalathus linearis significantly decreased TNF-α and IL-6 levels in the liver of mice.28 

 

The capacity of extracts of selected South African plants to inhibit NO synthesis and release in 

LPS stimulated RAW cells in vitro was reported by Adebayo et al. The leaf acetone extract of 

Leucaeria leucocephala (Lam.)de wit, Lippia javanica (Burm. f.) Spreng., Maesa lanceolata 
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Forssk had 97-99% inhibition on NO production at 25-30 µg mL-1. The leaf ethanol extract of 

Ocimium labiatum had 100% inhibition on NO production at 25 µg mL-1.29 

 

Some of the Eastern Cape plant species used for various skin care have been identified to 

possess anti-inflammatory effects. These plants include Acokanthera oppositifolia, Acacia 

karoo, Bowiea volubilis, Dodonaea viscosa, Elephantorrhiza elephantina, Erythrina 

lysistemon, Coreyia flanaganii, Grewia occidentalis, Pelargonium sidoides and Protex simplex 

They were reported to inhibit skin inflammation.30  

 

Further investigation of species with promising anti-inflammatory activity resulted in the 

isolation of several bio-active compounds. Root and seed extracts of Ziziphus spinachristi 

inhibited NF-kB-DNA binding. The active compounds epigallocatechin (12), gallocatechin 

(13), spinosin (14), 6''feruloylspinosin (15) and 6''sinapoylspinosin (16) contributed to the 

activity.31 From the DCM fraction of the methanolic extract of the root of Jatropha curcas, two 

lathyrane diterpenoids, jatrocurcasenone H (17) and jatrocurcasenone I (18) exhibited potent 

inhibitory activities against LPS-induced nitric oxide (NO) production in RAW 264.7 cells 

with IC50 values of 11.28 and 7.71 µM, respectively.32 Totarol (19) a compound isolated from 

many Podocarpus species inhibit linoleic acid autooxidation, mitochondrial and microsomal 

lipid peroxidation induced by Fe (III)-ADP/NADPH. Totarol is now commercially produced 

from Podocarpus totara as TotarolTM and is effective as a topical anti-inflammatory agent.33 

Plumbagin (20), a napthoquinone compound had an IC50 of 0.39 µM on NO production and a 

significant suppression of proinflammatory cytokine release. Another important plant derived 

anti-inflammatory compound is resveratrol (21). At 100 µg mL-1, it significantly inhibited 

lipopolysaccharide (LPS) induced IL-6 and IL-8 secretion by human gingival fibroblast.29 
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Figure 2.1: Chemical structures of anti-inflammatory compounds isolated from South African 

plants. 

 

2.1.5 Skin even tone and bioassays used in assessing skin even tone agents 

 

Melanin pigments in skin play a key role in determining skin colour and are synthesized by 

large dendritic cells known as melanocytes which are located at the epidermal-dermal junction. 

34 Tyrosinase in melanocytes is a key enzyme in the synthesis of melanin pigments.35 

Melanocytes transfer melanin pigments to neighbouring cells such as keratinocytes. Melanin 

production and transport is increased by factors such as UV rays, hormones and chemicals 

resulting in darkening of the skin and development of age spots, freckles, melasma and other 

disorders of hyperpigmentation.36 In different parts of the world, skin whitening products are 

very popular and are used to lighten the skin and to treat freckles and skin hyperpigmentation. 
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37 The development of successful skin even tone products depend on the use of effective skin 

even tone ingredients that inhibit melanin formation in melanocytes.  

 

A number of in vitro screening methods for assessing skin even tone agents are available and 

they include tyrosinase inhibition assay which involves inhibition of tyrosinase which is an 

enzyme that is engaged in the most important rate determining step in melanin biosynthesis. 

Melanogenesis is initiated by tyrosine that is metabolised into DOPA and then dopaquinone by 

tyrosinase. Therefore, studies on tyrosinase inhibitors are highly important for the development 

of new ingredients for the treatment of abnormal melanin coloration as well as functional 

cosmetics intended to produce a depigmenting effect.38  

 

Another in vitro screening method is DOPA autooxidation inhibition assay used to measure 

the DOPA oxidation inhibited by tyrosinase. This method is similar to the aforementioned 

tyrosinase inhibition assay except it includes the use of DOPA as a substrate.38 

Dopachromeautomerase inhibition assay is another in vitro screening method which measure 

the inhibition of dopachrometautomerase enzyme which is a major enzyme that correlates with 

the melanogenesis pathway by catalysing the transformation of dopachrome into 5,6-

dihydroxyindole-2-carboxylic acid (DHICA). The production of DHICA eventually leads to 

the brown DHICA-eumlanin which is followed by further oxidation and polymerization 

thereby stimulating epidermal melanogenesis.39  

 

Evaluation of depigmenting effect using melanocytes is another in vitro screening method used 

for the evaluation of the depigmenting effect using melanocytes. It is a screening system that 

simulates condition similar to intracellular conditions compared with in vitro test of enzyme 

activity or autooxidation and has the advantage of being able to analyse overall effects on 

melanin biosynthesis by melanocytes. However, as this method is complex and time 

consuming, it is believed that this method is appropriate for the confirmatory evaluation of 

samples that are preliminary screened with an enzyme activity assay. Evaluation of the 

depigmenting effect using melanocytes can be performed by measuring the intracellular 

tyrosinase activity or the amount of intracellular melanin produced. Various methods are used 

depending on the type of cell line culture conditions and method of evaluation.38 For the 

purpose of this study, human melanoma cell line was used in the evaluation of depigmenting 

effect of S. columbaria roots to ascertain if it can inhibit the production of melanin. 
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2.1.6 South African plants researched for skin even tone 

 

Mapunya et al. investigated the melanogenesis and anti-tyrosinase activity of South African 

plants. The work presented the following species as traditionally utilized for the inhibition of 

melanin: Aloe aculeata, Aloe pretoriensis, Calodendrum capensis and Sclerocarya birrea.40 

Several plant extracts were tested for their inhibitory action on melanogenesis in mouse 

melanoma cells. The leaves and bark extracts of Harpephyllum caffrum showed 26% melanin 

inhibition at 6.25 µg mL-1. The leaf extract of Greyia flanaganii exhibited 20% melanin 

inhibition at 6.25 µg mL-1. The leaf extract of Greyia radlkoferi exhibited significant tyrosinase 

inhibition with an IC50 value of 17.96 µg/mLwith an isolated compound 2,4,6-

trihydroxydihydroxychalcone (22) exhibiting a tyrosinase inhibition with an IC50 value of 

17.70 µg mL-1. The shoot of Myrsine africana exhibited an 18% melanin inhibition with an 

IC50 value of 12.50 µg mL-1. Garcinia mangostane leaf extract showed tyrosinase inhibitory 

activity in a dose dependent manner without any significant effect on cell proliferation.41 The 

stem bark extract of Sideroxylon inerme was reported to exhibit 37% melanin inhibition at an 

IC50 value of 6.2 µg mL-1.42 

 

Antityrosinase compounds were also identified from South African plant species. Mikayoulou 

et al. isolated anthraquinones from two Aloe species ( Aloe ferox and Aloe plicatilis) leaves 

methanol extracts, which displayed moderate to weak antityrosinase activity against mushroom 

tyrosinase with IC50 values ranging from 31.5 to 84.1 µM.43 The most active components were 

aloesin (23) and plicataloside (24) with IC50 values of 31.5 and 84.1 µM, respectively. 

Mulholland et al. extracted twelve compounds in addition to triterpenoids from the stem bark 

and fruit of Garcinia livingstonei. and tested them for their impact on melanin levels of the 

melanocytes, from which three compounds, morelloflavone (25), morelloflavone-7”-sulphate 

(26) and sargaol (27) elicited a concentration-dependent decrease in melanin content with 

morelloflavone-7”-sulphate (26) having the most promising profile with IC50 value of 8.6 

µM.44 Unfortunately, they also displayed cytotoxicity towards the melanocyte cells. From the 

methanolic and acetone stem bark extracts of Sideroxylon inerme, two compounds 

epigallocatechin gallate (28) and procyanidin B2 (29) were isolated and screened against 

monophenolase. They both displayed excellent tyrosinase activities with IC50 values of 30 and 

>200 µg mL-1, respectively.42 Langat et al. isolated fifteen compounds from the stem bark of 

Cassipourea flanaganii and tested them for their skin even tone properties from which five 

compounds ent-atis-16-en-19-al (30), ent-kaur-16-en-19-al (31), 19-acetoxy-ent-atis-16-ene 
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(32), guinesine C (33) and β-amyrin (34) showed a concentration dependent effect on melanin 

content which did not appear to be dependent on their inhibition of tyrosinase.42b 
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Figure 2.2: Chemical structures of antityrosinase and anti-melanogenesis compounds isolated 

from South African plants. 
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South Africa is known for its floral diversity. Many plants have been explored for their 

potential in the management and treatment of various inflammatory and skin even tone effects. 

However, a large number of plant species growing in South Africa remain untapped for 

potential anti-inflammatory and skin even tone discovery.45 There is a need for exploration of 

South African plant species in cosmeceutical discovery in search of anti-inflammatory and skin 

even tone lead compounds. 

 

This study investigates selected plants obtained from the University of Pretoria repository, 

linked to traditional uses associated with inflammation, skin even tone and topical applications, 

by screening extracts of different plant parts against selected pro-inflammatory cytokines and 

normal human melanocyte cells, respectively, to identify ingredients with anti-inflammatory 

and skin even tone properties.  

 

2.2 Material and methods 

2.2.1 Selection of plants based on traditional uses and literature searches 

 

A survey of relevant literature on ethnomedicinal use of plants in South Africa revealed 

approximately 57 plant species associated with skin problems. Keywords and phrases that were 

used included inflammation, swelling, topical use, skin irritation, eczema, dandruff, 

rheumatism, skin repair, wound healing, hair growth and hair straightening. To aid in the 

selection of plants, the inclusion criteria were that: 

➢ The literature has ethnobotanical or ethnopharmacological contexts, and articles should 

be ethnobotanical field studies/surveys reporting on plant(s) with an indication as used 

for treating inflammation, skin repair and related conditions mentioned above. 

➢ The study must be focused on plants. 

➢ The plants must be indigenous to South Africa. 

➢ The study must be written in English. 

➢ All plant species with traditional use relevant for treating inflammation, skin repair and 

related conditions mentioned above but has not been reported scientifically for that use 

were flagged as potential candidates for selection.  
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2.2.2 Selection of plants based on scoring system 

 

A literature search on reported scientific uses of the selected plants using Google scholar, 

Pubmed and the University of Pretoria library was carried out. The keywords were made up of 

traditional medicinal plants used for treating inflammation, skin even tone and related 

symptoms. The identified plants were ranked by a scoring system of 1, 2 and 3 where 1 

represents strong, 2 medium and 3 weak. The criteria used for scoring were as follows: 

➢ Strength of the traditional uses for inflammatory disease and skin even tone: A score of 

1 was given to plants utilized traditionally for the two diseases mentioned. A score of 

2 was given to plants utilized traditionally for one of the diseases mentioned and a score 

of 3 was given to the plant if no knowledge of its traditional application has been 

reported. 

➢ Strength of the published use for inflammatory and skin even tone: Plants with 

published potent anti-inflammatory and skin even tone activity was given a score of 1, 

plants with moderate and no published anti-inflammatory and skin even tone activity 

were given scores of 2 and 3 respectively. 

➢ Plant toxicity: Plants with no toxicity were given score of 1 and plants with unknown 

toxicity were given score of 2 while plants with toxicity were given score of 3. 

 

2.2.3 Collection and extraction of plant material 

 

The first collection of plant species (S. columbaria and P. peltatum) was obtained from 

Random Harvest Indigenous Nursery (This is a wholesale indigenous nursery located at college 

road Muldersdrift Krugersdorp, 1739, South Africa. The nursery grows and sells plants 

indigenous to South Africa, herbs and a few seasonal vegetables to the general public) and 

transferred to University of Pretoria Experimental Farm Plant Nursery Gauteng, South Africa, 

by a curator named Jason Sampson in April 2018 (Autumn season). The extract quantities were 

not sufficient for further research, and additional plant material was collected. The second 

collection of plant species (S. columbaria, C. pyracanthoides and P. capitatum) were obtained 

from Vryheid, Shongololo Pass, KwaZulu Natal, South Africa, by a botanist named J. 

Vahrmeijer after replacing one of the previous plant species Pelargonium peltatum with 

Pelargonium capitatum in July 2018 (winter season). The plants were identified at the H.G.W.J 

Schweickerdt Plant Herbarium at the University of Pretoria, where the plant specimens were 

deposited. The plant parts were cleaned to remove soil and debris, after which they were sliced 
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into small pieces and oven-dried at 40-60oC. Dried plant materials were ground to powder 

using a grinder (Polymix, PX-MFC 90 D, Lasec, Gauteng, South Africa) and stored at room 

temperature. 

 

For the first collection of S. columbaria and P. peltatum, ground plant materials (0.9-1.8g) were 

extracted separately using ethanol and acetone, water/ ethanol (1:1) and water by adding each 

solvent (60 mL) to an Erlenmeyer flask containing the plant material and stirring for 24 hours 

using a magnetic stirrer. The extraction was carried out three times, with filtration in between 

each extraction. The mixture was filtered under vacuum while the extracts obtained from 

different extractions were combined and evaporated to dryness using a rotary evaporator and 

freeze drier (specifically for water) (figure 2.3). All the extracts were stored in a cold room 

before the biological screening. 

 

 

Figure 2.3: Flow diagram for the single extraction of the two batches of S. columbaria roots 

and leaves, C. pyracanthoides stem bark and P. capitatum leaves using acetone, 

ethanol, water/ ethanol (1:1) and water. 

 

For the second collection of S. columbaria, C. pyracanthoides and P. capitatum, ground plant 

materials (15-100g) were extracted separately using ethanol and acetone, while 2-100g of 

ground plant materials were extracted using water/ethanol (1:1) and water by adding each 

solvent (50-1000 mL) to an Erlenmeyer flask containing the plant material and stirring for 24 
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hours using a magnetic stirrer. The extraction, filtration and storage procedures were carried 

out as described for the single extraction of the first batch of plant material. 

 

2.2.4 Biological screening of extracts from selected plant materials for their anti-

inflammatory and skin even tone activity  

 

The biological screening was undertaken by a commercial company as part of a collaboration 

and due to agreements, the identity cannot be disclosed. 

 

Roots and leaves of S. columbaria, stem barks of C. pyracanthoides and leaves of P. capitatum 

were screened against selected proinflammatory cytokines to determine their anti-

inflammatory activity while the root of S. columbaria was screened against normal human 

melanocytes to ascertain its skin even tone activity. 

 

2.2.4.1 Anti-inflammatory screening 

 

The U937 cell line is used in this protocol to model the monocyte/macrophage immune 

response in vitro. Treatment with phorbol-12-myristate-13-acetate (PMA) and 

lipopolysaccharide (LPS) induced the secretion of proinflammatory mediators and cytokines. 

Co-treatment with anti-inflammatory agents allows the identification of intrinsic regulatory 

activity of proinflammatory reactions in vitro. The human myeloid U937 cell line (ATCC: 

CRL-1593.2) was treated with the extracts in a culture medium RPMI 1640 (42401-018, 

GIBCO-Invitrogen) supplemented with L-glutamine, penicillin, streptomycin (G11146, 

Sigma-Aldrich), heat-treated 10% foetal calf serum, 10 µg/mLof Phorbol 12-myristate 13-

acetate (PMA, P8139-1MG, Sigma-Aldrich), and 60 µg/mLof lipopolysaccharides for E. Coli 

(LPS, L4391-1MG, Sigma-Aldrich). Seven doses of the extracts were tested: 1, 3, 10, 30, 100, 

300, and 1000 µg mL-1. Twenty-four hours after treatment at 37°C in a humidified 5% CO2 

atmosphere, cell viability was measured using AlamarBlue® (DAL1025, Life Technologies) 

for each condition. Supernatants were then collected, and the PGE2, IL-6, IL-1β, IL-8 and 

TNF-α are quantified using immunoassays. Dose-response curves were generated, and the IC50 

for each analyte was determined (dose corresponding to 50% inhibition of the quantity of the 

proinflammatory mediator). 
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2.2.4.2 Inhibition of melanin production assay 

 

Melanocyte culture medium (M154) and human melanocyte growth supplement (HMGS 

supplements) from Thermo Fischer and normal human melanocytes (NHM) were purchased 

from Tebu-Bio (C-002-5C). Extracts evaluated were solubilized in dimethyl sulfoxide 

(DMSO) at 30 mM and diluted in culture medium in a 2-fold serial dilution manner to obtain 

10 doses starting from 200 μM. NHM were cultivated as described by Duval et al.46 NHM were 

seeded in 384-well microtiter plates at 20 000 cells in 80 μL culture medium per well. The raw 

materials were added after 24 hours of incubation while replacing the culture medium, and 

cells were incubated at 37°C with 5% CO2 and saturated humidity for 72 hours. Optical density 

was measured at 340 nm and the data normalized in comparison with untreated cells. Dose-

response curves were generated. IC50 was determined (dose corresponding to 50% inhibition 

of the melanin signal). 

 

 2.2.5 UPLC-QTOF-MS analysis of extracts 

 

The crude extracts were analyzed on a Waters acquity ultra-performance liquid 

chromatography-quadrupole time of flight mass spectrometer (UPLC-QTOF-MS). The 

extracts were prepared at a concentration of 1 mg/mL in MeOH. They were analyzed on a 

Waters Acquity UPLC system equipped with a binary solvent delivery system and an 

autosampler. The Waters BEH C18 (2.1 mm x 100 mm, 1.7 μM) column was used. The mobile 

phase consisted of solvents A = H2O + 0.1% formic acid (FA) and B = Acetonitrile + 0.1% FA, 

applied in a gradient mode (0 min 3% B, 0.10 min 3% B, 14 min 100% B, 16 min 100% B, 

16.5 min 3% B, 20 min 3% B) with a flow rate of 0.3 mL/min. The injection volume was 5 μL. 

The separated compounds were analyzed by a Waters Synapt G2 high-definition QTOF mass 

spectrometer, which was run in electrospray ionization positive and negative modes. The 

compounds in the samples were tentatively identified by obtaining the molecular formula of 

compounds from Masslynx based on the best iFit value, mass error and %Fit Conf comparing 

their MS/MS fragmentation pattern with that of best suggested matched compounds from 

ChemSpider, Metfrag, Metlin, Metfusion, Dictionary of Natural Products, PubChem and 

Waters UNIFY® Scientific Information System (version 1.9.2) assessing the Chinese Natural 

Product database. The iFit value compares the isotopic ion ratio to the theoretical ion ratio. The 

closer the iFit value is to zero, the lower the difference between the isotopic ion ratio and the 

theoretical ion ratio and the more accurate the suggested molecular formula. The accepted mass 
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error range is between 0 to 5 ppm. Additionally, known compounds reported in the genus or 

species of a plant of interest can be identified by comparing their accurate masses and 

fragments although this might not be able to distinguish between isomers. 

 

2.3 Results and Discussion  

2.3.1 Selection of plants based on traditional uses and literature searches 

 

Using traditional uses of South African plant species with set key words obtained from 

literature searches, thirty three plant species were identified as candidates for anti-

inflammatory screening, nine plant species were identified as candidates for anti-irritant 

screening, two plant species were identified as candidates with hair straightening properties, 

two plant species were identified as candidates for anti-dandruff screening and eleven plant 

species were identified as candidates with wound healing properties as shown in table 2.1.  

 

Table 2.1: Plant selection based on traditional uses and scientific information 

Genus/Species Properties based on traditional uses Scientific information 

Plants with anti-inflammatory properties 

Acacia polyacantha Anti-inflammatory47  

Acacia sieberiana Anti-inflammatory48  

Albizia adianthifolia Anti-inflammatory, body wash, skin 

problems49 

 

Boerhavia diffusa Anti-inflammatory50  

Cissus quadrangularis Wound healing, treatment of burns and 

swellings51 

 

Conyza scabrida Anti-inflammatory52  

Crinum macowanii Treatment of swelling, itchy rashes, 

rheumatism and arthritis53 

 

Croton gratissimus Anti-inflammatory, treatment of swelling, 

topical use as deodorants, perfumes and 

hair washes54 

Anti-inflammatory properties 

reported55 

Croton sylvaticus Anti-inflammatory, treatment of swelling56 Analgesic, anti-oxidant, anti-

microbial properties reported56 

Datura stramonium Treatment of rheumatism, swelling, boils, 

gout, abscesses and wounds57 

 

Euphorbia ingens Treatment of swelling58 Related species and compounds 

have anti-inflammatory properties 
59 

Galenia africana Wound healing, anti-inflammatory, 

treatment of skin disorders and syphilis60 

 

Grewia retinervis Anti-inflammatory61  

Helichrysum 

gerberifolium 

Wound healing, treatment of swelling, 

muscle relaxant62 

 

Hibiscus surattensis Anti-inflammatory and anti-irritant63  

Lantana camara Wound healing, anti-irritant, treatment of 

swelling, eczema, has antiseptic properties 
64 

 

Nymania capensis Wound healing, anti-inflammatory65  
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Osmitopsis asteriscoides Anti-inflammatory, treatment of swelling, 

cuts and scars66 

 

Ozoroa engleri Anti-inflammatory, hair application67  

Ozoroa sphaerocarpa Anti-inflammatory68  

Physalis peruviana Anti-inflammatory69  

Pollichia campestris Treatment of rheumatism, bruises and 

swelling70 

 

Pterocarpus angolensis Anti-inflammatory, wound healing, 

treatment of sores, venereal diseases and 

ring worm71 

 

Schotia brachypetala Treatment of acne, tropical ulcer, swelling, 

used as body wash72 

 

Ficus lutea Treatment of skin problems73  

Jatropha curcas Treatment of sores, venereal diseases, 

herpes, boils, baldness, sprain, wounds, 

rheumatism, skin complaints, used for hair 

growth74 

 

Kigelia africana Treatment of cuts, sores, rheumatism, 

wounds, infected bites, stings, syphilitic 

ulcers75 

 

Lippia javanica Treatment of febrile rashes, chest ailments, 

scars on sprained joints, scabies, hair lice, 

measles and rashes76 

 

Melianthus major Treatment of septic wound, sores, bruises, 

rheumatism, boils, stretch marks, scars and 

skin problems77 

 

Pelargonium luridum Treatment of sores78  

Tarchonanthus 

camphoratus 

Anti-dandruff, anti-inflammatory, treatment 

of hair lice, sore feet, massage legs79 

 

Widdringtonia nodiflora Used as a fumigation in gout, rheumatism 

and oedematous swelling80 

 

Ximenia caffra Anti-inflammatory81  

Plants with anti-irritant properties 

Achillea millefolium Treatment of skin irritation and burns82  

Aloe arborescens Treatment of skin irritation and burns83  

Aloe mutabilis Treatment of skin irritation and burns84  

Cussonia spicata Treatment of skin irritation, acne, relieve 

cramps and muscle spasm85 

 

Diospyros whyteana Treatment of skin irritation and rashes86  

Dombeya rotundifolia Anti-irritant87  

Leonotis leonurus Treatment of muscle cramps, skin diseases, 

sores, bee and scorpion sting, boils, 

eczema, itching and muscle cramps88 

 

Phyllanthus reticulatus Treatment of sores, burns and skin irritation 
89 

 

Vernonia hirsute Treatment of rectal sores, rashes, skin 

irritation90 

 

Plants with anti-dandruff properties 

Scabiosa columbaria Anti-dandruff, skin soothing effect, wound 

healing91 

 

Tarchonanthus 

camphoratus 

Anti-inflammatory, treatment of sore feet, 

hair lice and dandruff, massage legs79 

 

Plants with hair straightening properties 

Cassytha ciliolate Hair straightening, hair growth92  

Commiphora 

pyracanthoides 

Hair straightener93  

Plants with wound healing properties 

Athrixia phylicoides Treatment of acne, boils, wound and cuts94 Anti-inflammatory and anti-

microbial properties reported94 
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Carpobrotus edulis Treatment of eczema, ringworm, burns, 

scalds, sunburn, sting and skin infections95 

Skin regeneration on flat worm 

and anti-oxidant properties 

reported96 

Grewia occidentalis Treatment of wound, boils and sores, 

preventing greying hair97 

Anti-bacterial properties reported 
97 

Opuntia ficus-indica Treatment of soothing burns, rashes, ulcer, 

furuncles and wounds98 

Wound healing and skin repair 

properties reported99 

Pelargonium capitatum Wound healing, soothing effect for cracked 

skin, rashes100 

Anti-microbial (bacterial and 

fungal) properties reported101  

Pelargonium peltatum Wound healing, antiseptic for scratches, 

wash greasy skin102 

 

Peltophorum africanum Treatment of wounds, rashes and eye 

complaints103 

Anti-aging properties reported104 

Withania somnifera Wound healing, skin problems, sores, rash 
105 

Anti-cancer, anti-microbial 

(wound infections) properties 

reported106, 107 

Hydnora africana Wound healing, anti-inflammatory108 Anti-oxidant and anti-bacterial 

properties reported108 

Equisetum 

ramosissimum 

Wound healing, anti-inflammatory109 Anti-oxidant and anti-bacterial 

properties reported110 

Capparis tomentosa Treatment of wound, leprosy, scrofula, 

anti-inflammatory111 

Anti-oxidant, anti-bacterial and 

anti-inflammatory (weak) 

properties112, 113 

 

 

2.3.2 Selection of plants based on scoring system 

 

Using traditional uses and database searches, 10 South African plant species were identified as 

candidates for anti-inflammatory and skin even tone screening as shown in table 2.2. These 

plants were ranked according to the scoring system (score -1, 2 and 3 as described in section 

2.2.1) adapted from previous studies.5, 6 The likelihood of selecting a given plant species will 

be decreased in cases where a given selection criterion could not be used because the 

information was not easily accessible online. For example, if a plant species' toxicity, one of 

the criteria used for selection, was not reported in literature, it decreased the chances of 

choosing that plant species. This was done in case the plant species later displayed any toxicity.   
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Table 2.2: Scoring for selection of plant species 

Genus and species Properties based on 

traditional use related 

to inflammation and 

skin even tone 

(A) 

Previously reported 

bioassays related to 

inflammation and 

skin even tone (B) 

Toxicity (C) Total score 

(A)+(B)+(C) 

Selected/Not 

selected 

Grewia retinervis Roots are chewed and 

the content rubbed on 

skin inflammation.114 

Score-2 

No reported anti-

inflammatory and skin 

even tone activity. 

Score -3 

Unknown toxicity. 

Score-2 

7 Not selected 

Scabiosa columbaria The roots and leaves of 

the plant are used 

traditionally to treat skin-

related diseases. The 

leaves, roots and stems 

are used to treat skin 

infections such as 

acariosis, dermatitis, 

eczema, measles and 

follicular acne rash.115 

Dried leaves and roots 

are made into wound 

healing ointment.116 

Score-1 

Methanol leaf extract 

of S. columbaria 

effectively decreased 

melanin content in 

B16F10 (mouse 

melanoma) cells with 

moderate inhibition of  

tyrosinase enzyme in a 

dose-dependent 

manner.91 

Score-2 

No toxicity was observed in 

the human dermal fibroblast 

(MHRF) cell line at the 

tested concentrations (25-

200 µg mL-1).91 

Score-1 

4 Selected 
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Cassytha ciliolate No reported traditional 

use of C. ciliolate on 

skin inflammation and 

skin even tone disease. 

Score -3 

No reported anti-

inflammatory and skin 

even tone activity. 

Score-3 

 

Unknown toxicity. 

Score-2 

8 Not selected 

Commiphora 

pyracanthoides 

The resin of 

Commiphora species is 

reported as a good source 

of traditional medicine 

for the treatment of 

inflammation.117 

Score-2 

The stem extract of C. 

pyracanthoides 

exhibited potent in 

vitro 5-lipoxygenase 

(5-LOX) inhibitory 

activity at IC50 = 27.86 

± 4.45 µg mL-1.118 

Score-1 

Minimal cytotoxicity against 

human kidney epithelium 

cells. 

Score-3 

6 Selected 

Pelargonium 

capitatum 

Pelargonium species are 

used as traditional 

remedies for wounds and 

abscesses.119 

Score-2 

No reported anti-

inflammatory and skin 

even tone activity. 

Score-3 

 

Low toxicity against 

transformed human kidney 

epithelial (Graham) cells, 

IC50 = 101.59 µg mL-1.119 

Score-3 

8 Selected 

Pelargonium 

peltatum 

Pelargonium species are 

used as traditional 

remedies for wounds and 

abscesses.119 

Score-2 

No reported anti-

inflammatory and skin 

even tone activity. 

Score-3 

 

Low toxicity against the 

Madin-Darby canine kidney 

(MDCK) cell line of the 

root, leaves and stem 

extracts of P. peltatum at 

100 µg mL-1.120 

Score 3 

8 Selected 
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Persicaria serrulate No reported traditional 

use of P. serrulata on 

skin inflammation and 

skin even tone disease. 

Score-3 

No reported anti-

inflammatory and skin 

even tone activity. 

Score-3 

 

Unknown toxicity. 

Score-2 

8 Not selected 

Withania somnifera W. somnifera leaves are 

used for carbuncles, 

inflammation and 

swelling. Its roots are 

used in the treatment of 

rheumatic pain, 

inflammation of joints, 

nervous disorders and 

epilepsy.105 

Score-2 

Oral administration of 

Withania somnifera 

roots at a dose of 300 

mg/kg.wt. appreciably 

attenuated the 

production of these 

proinflammatory 

cytokines: TNF-α, IL-

1β, IL-6, and IL-10. 

Score-1 

Reported toxicity causing 

liver damage.121 

Score-3 

6 Not selected 

Hydnora africana Infusions of Hydnora 

africana are used as a 

face wash to treat acne. 

122 

Score-3 

The root extract of 

Hydnora africana 

exhibited potent in 

vitro COX-1 and COX-

2 inhibitory activity at 

IC50 = 250 µg mL-1.123 

Score-1 

Unknown toxicity. 

Score-2 

6 Not selected 

Equisetum 

ramosissimum subsp. 

ramosissimum 

The aerial part of E. 

ramosissimum is used as 

a diuretic, an antitussive 

and an astringent. It is 

Aqueous methanol and 

ethanol extracts of E. 

ramosissimum 

exhibited good 

Reported maternal toxicity 

of aerial parts of 

5 Not selected 
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also used to treat 

swelling. It also acts as a 

protective agent against 

melanoma and 

melanogenesis.110 

Score-1 

antityrosinase activity 

at IC50 values of 1.125 

and 2.500 mg/mL 

respectively. 110 Crude 

butanolic and 

methanolic extracts 

exhibited significant 

inhibition of rat paw 

oedema and ear 

oedema at a dose of 

400 mg/kg.124 

Score-1 

E. ramosissimum extract on 

pregnant Sprague-Dawley 

rats.125 

Score-3 
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According to the criteria used, the plant species with the best scores representing the highest 

priority was Scabiosa columbaria with a score of 4, the plant species Equisetum ramosissimum 

had a score of 5, three plant species, Commiphora pyracanthoides, Withania somnifera and 

Hydnora Africana had a score of 6, one plant species, Grewia retinervis had a score of 7 and 

four plant species, Cassytha ciliolate, Pelargonium capitatum, Pelargonium peltatum, 

Persicaria serrulate had a score of 8. The toxicity of four plant species (Grewia retinervis, 

Cassytha ciliolate, Persicaria serrulate and Hydnora africana) were not available in literature, 

therefore they were not selected for further studies. Two plant species (Withania somnifera and 

Equisetum ramosissimum) were reported to be toxic on liver and pregnant rats, with this 

information, they were not selected despite their previous report on their traditional uses to 

treat inflammation and acne and their reported anti-inflammatory and anti-tyrosinase activity. 

The four plant species (S. columbaria, C. pyracanthoides, P. capitatum and P. peltatum) that 

had little to minimal toxicity, traditional uses on the skin, anti-inflammatory and anti-

melanogenesis activity were thereby selected for collection, extraction and biological 

screening. The four plant species belonged to three families, Caprifoliaceae, Burseraceae and 

Geraniaceae. One of the selected plant species Pelargonium peltatum was replaced by 

Pelargonium capitatum. 

 

2.3.3 Collection and extraction of plant material  

 

The first and second collections of the selected plant species (S. columbaria, C. pyracanthoides, 

P. peltatum and P. capitatum) were obtained from different locations and different seasons as 

stated in section 2.2.2. This was to enable sufficient collection of plant materials. P. peltatum 

was replaced with P. capitatum  to evaluate other species of the Pelargonium genus. Each plant 

material was individually extracted with acceptable solvents (acetone, ethanol, water/ethanol 

(1:1) and water) for the cosmetics industry. The wet and dry masses of ground plant materials 

for different collections were as follows; the first collection of S. columbaria roots and leaves 

were 322.90g and 4.90g respectively, the second collection of S. columbaria roots were 

594.78g and 220.09g respectively, the second collection of S. columbaria leaves were 194.16g 

and 34.76g respectively, the first collection of C. pyracanthoides stem bark were 936.40g and 

475.60g respectively, the first collection of P. peltatum leaves were 151.80g and 9.90g 

respectively, the first collection of P. capitatum leaves were 1104.43g and 250.52g 

respectively.The masses of all the extracts obtained are given in table 2.3. The extraction yields 
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of all the extracts were calculated based on the dry weight of the extracted plant material. The 

voucher specimens of the plant species are shown in table 2.3. 

 

Table 2.3: Plant extraction, yields and voucher specimen numbers of the selected plant species 

Type of extract Mass of dry ground 

plant material used 

for extraction 

Mass of extract 

obtained 

% extraction yield from 

dry plant material 

Scabiosa columbaria L. roots, first collection (voucher specimen number: PRU 124542) 

Acetone extract 0.90g 0.03g 

 

3.33% 

Ethanol extract 0.90g 0.12g 13.33% 

Water/ethanol (1:1) extract 0.90g 0.18g 20.00% 

Water extract 0.90g 0.15g 16.67% 

Scabiosa columbaria leaves, first collection (voucher specimen number: PRU 124542) 

Acetone extract 1.80g 0.10 5.55% 

Ethanol extract 1.80g 0.23 12.78% 

Water/ethanol (1:1) extract 1.80g 0.36 20.00% 

Water extract 1.80g 0.33 18.33% 

Scabiosa columbaria roots, second collection (voucher specimen number: PRU124670) 

Acetone extract 60.00g 2.84g 4.73% 

Ethanol extract 60.00g 3.51g 5.85% 

Water/ethanol (1:1) extract 40.00g 8.26g 20.65% 

Water extract 45.00g 13.83g 30.73% 

Scabiosa columbaria leaves, second collection (voucher specimen number: PRU124670) 

Acetone extract 7.00g 0.44g 6.28% 

Ethanol extract 7.00g 0.55g 7.86% 

Water/ethanol (1:1) extract 2.00g 0.70g 35.00% 

Water extract 2.00g 0.64g 32.00% 

Commiphora pyracanthoides Engl. stem bark, first collection (voucher specimen number: PRU124669) 

Acetone extract 100.00g 4.81g 4.81% 

Ethanol extract 100.00g 4.78g 4.78%  

Water/ethanol (1:1) extract 100.00g 12.67g 12.67% 

Water extract 100.00g 4.56g 4.56% 

Pelargonium peltatum (L.) leaves, first collection (voucher specimen number: PRU 124541) 
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Acetone extract 1.80g 0.16g 8.89% 

Ethanol extract 1.80g 0.29g 16.11% 

Water/ethanol (1:1) extract 1.80g 0.60g 33.33% 

Water extract 1.80g 0.54g 30.00% 

Pelargonium capitatum (L.) leaves, first collection (voucher specimen number: PRU124671) 

Acetone extract 60.00g 7.99g 13.32% 

Ethanol extract 60.00g 5.81g 9.68% 

Water/ethanol (1:1) extract 50.00g 10.78g 21.56% 

Water extract 60.00g 8.47g 14.12% 

 

Following extraction, with solvents acceptable to the cosmetic industry (acetone, ethanol, 

water/ethanol (1:1) and water), a total of 28 extracts were prepared for the different plant 

species and their plant parts. Based on the weights of the wet and dry plant materials of all the 

plant species, it was observed that the percentage loss of water during the process of drying the 

plant materials was in the descending order as follows (P. peltatum leaves (93.0%)> S. 

columbaria leaves (82.0%)> P. capitatum leaves (77.0%)> S. columbaria roots (63.0%)> C. 

pyracanthoides stem bark (49.0%)). This showed that leaves tend to lose more water during 

the process of drying followed by roots and stem bark. This also gives information on quantity 

of fresh plant material to be collected in terms of commercialization. The extraction yield of 

the 28 plant extracts ranged from 3.3% to 35.0%. The variation in the extraction yield depended 

on the plant species and plant part collected. Based on the extraction yield, the acetone, ethanol, 

water/ethanol (1:1) and water extracts of the leaves of  S. columbaria (second collection) and 

P. peltatum gave the highest yield (ranging from 6.3% to 35.0% for S. columbaria and 8.9% to 

33.3% for P. peltatum) compared to the other extracts. The four extracts (acetone, ethanol, 

water/ethanol (1:1) and water extracts) of S. columbaria leaves also had a higher yield (ranging 

from 5.5% to 20.0% for first collection and 6.3% to 35.0% for the second collection) than those 

of S. columbaria roots both in the first and second collections (ranging from 3.3% to 20.0% for 

the first collection and 4.7% to 30.7% for the second collection). The four extracts of the stem 

bark of C. pyracanthoides had the lowest extraction yield (ranging from 4.6% to 12.7%). This 

showed that based on the extraction of different plant parts, leaves give the highest yield 

followed by the roots and lastly the stem bark. The solvent that had the highest extraction yield 

for all the plant extracts both for the first and second collection was water/ethanol (1:1) except 

for S. columbaria roots (second collection) where water extract had the highest yield (30.7%)  
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suggesting that the plant species have abundance of polar compounds than moderately to 

nonpolar compounds. Extracts (acetone, ethanol, water/ethanol (1:1) and water) from the 

second collection of S. columbaria roots and leaves, C. pyracanthoides stem barks and 

P.capitatum leaves  were screened for their anti-inflammatory properties  while acetone extract 

of S. columbaria roots was screened for skin even tone activity. 

 

2.3.4 The effect of plant extracts on selected proinflammatory cytokines 

 

Table 2.4 shows the anti-inflammatory results of the acetone, ethanol, water/ethanol (1:1) and 

water extracts of Scabiosa columbaria (roots and leaves), Pelargonium capitatum (leaves) and 

Commiphora pyracanthoides (stem bark) from the second collection of plant materials against 

the human myeloid U937 cell line. The anti-inflammatory activity of the extracts was ranked 

by the efficacy index ranging from 4 to 0 where 4 and 3 represent good activity, 2 and 1 

represent moderate activity and 0 represent no or minimal activity.  Based on the results, the 

efficacy index includes: 

a) Good activity: 

IC50 ≤ 1 µg/mL– 4 

1 µg/mL˂ IC50 ≤ 10 µg/mL- 3 

b) Moderate activity: 

10 µg/mL˂ IC50 ≤ 100 µg/mL- 2 

100 µg/mL˂ IC50 ≤ 1000 µg/mL- 1 

c) No or minimal activity: 

IC50 ˃ 1000 µg/mL– 0 

Other terms in the results and their descriptions include: 

NA – Not Applicable 

NC – No Class: cytotoxic effect at the lowest tested dose 

+ - IR ˃ 150 with a clear dose-response  

(+) – IR ˃ 150 without clear dose-response 
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Table 2.4: Extraction yield from selected plant materials (S. columbaria roots and leaves, C. pyracanthoides and P. capitatum) and in vitro anti-

inflammatory activity of extracts against selected proinflammatory cytokines (PGE2, IL-6, IL-8, TNF-α and IL-1β). Penicillin and 

streptomycin were used as control compounds. Fractions highlighted in red showed good activity, those highlighted in orange were 

moderately active while those highlighted in yellow displayed minimal or no activity 

Plant species Cmax 

µg mL-1 

Viability 

CV75 

µg mL-1 

PGE2 

 

 

IL-6 IL-8 TNF-α IL-1β 

IC50 

µg mL-1 

Index IC50 

µg mL-1 

Index IC50 

µg mL-1 

Index IC50 

µg mL-1 

Index IC50 

µg mL-1 

Index 

Scabiosa 

columbaria, 

acetone extract 

1000 62 2 3 < 1 4 21 2 < 1 4 < 1 4 

Scabiosa 

columbaria, 

ethanol 

Extract 

1000 57 2 3 3 3 8 3 6 3 6 3 

Scabiosa 

columbaria, water/ 

ethanol (1:1) 

extract 

1000 430 4 3 2 3 50 2 14 2 9 3 

Scabiosa 

columbaria, water 

extract 

1000 > 1000 40 2 67 2 245 1 129 1 99 2 

Scabiosa 

columbaria, 

acetone extract 

1000 17 3 3 2 3 9 3 9 3 9 3 

Scabiosa 

columbaria, 

ethanol 

Extract 

1000 80 28 2 5 3 NA 0 NA 0 NA 0 
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Scabiosa 

columbaria, water/ 

ethanol (1:1) 

extract 

1000 391 + INC 2 3 122 1 96 2 130 1 

Scabiosa 

columbaria, water 

extract 

1000 > 1000 >1000 INC 187 1 (+) (+) >1000 0 >1000 0 

Commiphora 

pyracanthoides 

acetone extract 

1000 6 3 3 < 1 4 NA 0 3 3 3 3 

Commiphora 

pyracanthoides 

ethanol extract 

1000 20 7 3 < 1 4 NA 0 (+) (+) (+) (+) 

Commiphora 

pyracanthoides 

water/ ethanol (1:1) 

extract 

1000 52 8 3 1 3 23 2 8 3 15 2 

Commiphora 

pyracanthoides 

water extract 

1000 120 16 2 22 2 70 2 56 2 45 2 

Pelargonium 

capitatum, acetone 

extract 

1000 620 + INC 1 3 (+) (+) 292 1 252 1 

Pelargonium 

capitatum, ethanol 

extract 

100 > 100 (+) (+) 22 2 > 100 0 > 100 INC (+) (+) 

Pelargonium 

capitatum, water/ 

ethanol (1:1) 

extract 

100 > 100 (+) (+) 24 2 > 100 0 > 100 0 > 100 0 

Pelargonium 

capitatum, water 

extract 

1000 > 1000 463 1 546 1 922 1 >1000 0 >1000 0 
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Index:  Legend of Efficacy index 

0:  IC50 ˃ 1000 µg mL-1 

1: 100 µg/mL˂ IC50 ≤ 1000 µg mL-1 

2: 10 µg/mL˂ IC50 ≤ 100 µg mL-1 

3: 1 µg/mL˂ IC50 ≤ 10 µg mL-1 

4: IC50 ≤ 1 µg mL-1
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In the study, the acetone and ethanol extracts of S. columbaria roots and the acetone extract of 

S. columbaria leaves displayed the best activity with IC50 ranging from < 1 to 2 µg mL-1, 2 to 8 

µg/mLand 2 to 9 µg/mLfor all the cytokines, except for one of the cytokines IL-8, where the 

acetone extract of S. columbaria roots displayed moderate activity with IC50 21 µg mL-1. Water/ 

ethanol (1:1) extract of S. columbaria roots displayed good activity on PGE2, IL-6 and IL-1β 

with IC50 ranging from 2 to 9 µg/mLexcept for IL-8 and TNF-α where it displayed moderate 

activity with IC50 50 and 14 µg mL-1, respectively. Water extract of S. columbaria roots 

displayed moderate activity on all the cytokines with IC50 values ranging from 40 to 245 µg 

mL-1. Ethanol and water/ ethanol (1:1) extracts of S. columbaria leaves displayed good activity 

on the cytokines IL-6 with IC50 of 5 and 2 µg mL-1, respectively while water/ ethanol (1:1) 

extract of S. columbaria leaves displayed moderate activity on IL-8, TNF-α and IL-1β with 

IC50 values ranging from 96 to 130 µg mL-1. 

 

 In Lesotho and South Africa, S. columbaria is used in the treatment of inflammation.115 From 

the screenings carried out by Mhlongo et al. the acetone and hexane extracts of S. columbaria 

showed good activity against murine macrophages (RAW 264.7) in a concentration-dependent 

manner.116 Significant inhibition of nitric oxide (NO) was observed at 50 and 100 µg/mLin the 

acetone extract and 100 µg/mLin the hexane extract in the same study. This indicated that the 

active ingredients might be non-polar compounds that can be extracted with acetone and 

partitioned with hexane. The published results were in agreement with the result in this study, 

as the acetone extract of S. columbaria showed the best activity. Thus far, no compound has 

been reported to be isolated from S. columbaria roots and tested for its anti-inflammatory 

activity providing the motivation for further investigating the root, which is described in 

Chapter 3, for the isolation and identification of the anti-inflammatory ingredients. 

 

In the current study, acetone and water/ ethanol (1:1) extracts of C. pyracanthoides showed 

good activity with the IC50 ranging from < 1 to 3 µg/mLand 1 to 8 µg/mLfor all the cytokines 

except for cytokines IL-8, where the acetone extract displayed no activity as well as  IL-8 and 

IL-1β, where the water/ ethanol (1:1) extract showed moderate activity with IC50 values of 23 

µg/mLand 15 µg mL-1, respectively. The ethanol extract showed good activity for the cytokines 

PGE2 and IL-6, with IC50 ranging from <1 to 7 µg mL-1. Commiphora species are widely used 

in traditional medicine for the treatment of various diseases, including inflammation.117 The 

anti-inflammatory potency of C. pyracanthoides has been reported whereby a study reported 

by Paraskeva et al., the DCM/MeOH (1:1) stem extract of C. pyracanthoides exhibited 
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moderate to good 5-LOX inhibitory activity with an IC50 value of  27.86 ± 4.45 µg mL-1.118 

There is no report on the identification of active ingredients. Further investigation of this 

species and identification of the compounds responsible for the observed anti-inflammatory 

effect is therefore warranted. 

 

In this study, all the extracts (acetone, ethanol, water/ ethanol (1:1) and water) of P. capitatum 

exhibited good to moderate activity with IC50 ranging from 1 to 546 µg/mLfor one of the 

cytokines, IL-6. The sweet-scented leaves of Pelargonium capitatum is used traditionally to 

treat cracked skin. It can be tied to a piece of muslin and used in the bath as a skin and wash 

treatment, which also soothes rashes.126 There are no reports on the anti-inflammatory activity 

of P. capitatum, indicating that the plant species needs to be investigated to identify the 

compounds responsible for the observed activity. 

 

2.3.5 The effect of plant extract on melanin production 

 

Figure 2.4 shows the skin even tone activity of the acetone extract of S. columbaria (roots) 

from the second collection of plant materials against the M154 normal human melanocytes 

(NHM). 

 

 

Figure 2.4: Whitening 2D co-culture model (melanin global) of acetone extract of S. 

columbaria roots. 

 

The acetone extract of S. columbaria roots was tested at different concentrations (0.08-20 µg 

mL-1) for skin even tone activity. The extract did not show any decreasing trend in melanin 

signal at these concentrations (0.08-2.1 µg mL-1) but showed cytotoxicity at concentrations 

(2.2-20 µg mL-1). As a result, the acetone extract of S. columbaria root was not considered to 
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have skin even tone activity. In contradiction to the results found in this study, the anti-

melanogenesis activity of S. columbaria has been reported.91 In the study, methanol extract of 

S. columbaria leaves at 25-100 µg/mLeffectively decreased melanin content in α-MSH-

stimulated  B16F10 (mouse melanoma cells) in a dose-dependent manner. The reason may be 

attributed to the leaves being studied rather than the roots. Additionally, methanol was used as 

an extraction solvent in the reported case, while the acetone extract was tested in this study, 

and finally, the activity reported was tested against mouse melanoma cells (B16F10), whereas  

in our study, normal human melanocytes (NHM) were used. Moreover, the acetone extract of 

S. columbaria roots showed activity using the 1D model (HTS melanin global) but failed to 

show activity in the 2D coculture test model. Overall, S. columbaria may still be considered 

for further investigation to identify the active constituents responsible for the activity in the 1D 

model. 

 

2.3.6 Identification of chemical markers from the acetone extract of S. columbaria leaves 

 

The acetone extract of S. columbaria leaves showed good anti-inflammatory potential, 

therefore chemical markers were analysed from the extract for quality control and 

commercialization purposes.  

 

Figure 2.5 shows the UPLC-QTOF-MS chemical profile of the acetone extract of S. columbaria 

leaves (second collection) operating in negative electrospray (ESI) ionization mode. 
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Figure 2.5: ESI negative mode BPI chromatogram of the acetone extract of S. columbaria 

leaves (second collection). 

 

Three compounds were tentatively identified from the UPLC-QTOF-MS analysis in ESI 

negative mode using accurate mass data and mass fragmentation patterns as described in 

section 2.2.4. The corresponding peaks are labelled in the chromatogram (figure 2.5). Table 

2.5 shows accurate mass, formula and MS/MS data for compound fragments tentatively 

identified from the acetone extract of S. columbaria leaves.
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Table 2.5: Compounds tentatively identified using UPLC-QTOF-MS analysis of the acetone extract of S. columbaria leaves  

Peak 

No 

RT 

(min) 

Acquired 

[M-H] m/z 

Formula Calculated 

[M-H]  

m/z 

Possible 

structure 

Mass 

error 

(ppm) 

MS/MS Data (fragments) Reference 

1 3.09 363.1274 C15H24O10 363.1291 harpagide 

(Iridoid 

glycoside) 

4.7 184.0644 [M-H]--C6H11O6 127 

179.0545 [M-H]--C9H13O4 

165.0527  [M-H]--C6H11O6-

H2O 

139.0370 [M-H]--C6H11O6-

H2O-CO 

85.0267 [M-H]-- C6H11O6-

C4H5O2 

2 5.11 405.1389 C17H26O11 405.1397 10-

hydroxyloganin 

(Isoprenoid) 

2.0 345.1169 [M-H]--C2H6O2 128 

179.0535 [M-H]--C11H15O5 

165.0527 [M-H]--C11H15O6 

 

3 5.91 623.1987 C29H36O15 623.1978 forsythiaside 

(Polyphenol) 

1.3 461.1653 [M-H]--C6H7O3 129 

161.0220 [M-H]--C20H29O11-

H2O 

135.0432 [M-H]--C20H29O12-

CHO 

113.0222 [M-H]--C6H11O5-

C9H7O4-C8H9O3-

H2O 
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The structures of the tentatively identified compounds are shown in figure 2.6.  
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Figure 2.6: Structures of chemical markers tentatively identified from S. columbaria leaves. 

 

In the first order mass spectrum of peak 2, the [M-H]- ion was observed with m/z 363.1274 [M-

H]- at the retention time 3.09 minutes. It had a molecular formula of C15H23O10
- with a 

normalized iFit value of 0.0.The fragmentation pattern observed was in agreement with that 

reported for harpagide (35).127 Harpagide (35) was reported to decrease TNF-α secretion in 
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phorbol myristate acetate-differentiated THP-1 cells, while it induced the mRNA-expression 

of certain proteins involved in leukocyte transmigration in undifferentiated cells.130 Zhang et 

al. also reported on the significant inhibitory effects of the hydrolysed product of harpagide 

with β-glucosidase treatment on COX-2 activity at 2.5-100 µM in a concentration-dependent 

manner.131 These reported activities may contribute to the fact that harpagide may be 

responsible for the anti-inflammatory activity observed in S. columbaria. The MS spectrum of 

peak 4 was observed at the retention time 5.11 mins with m/z 405.1389 [M-H]-. The molecular 

formula obtained was C17H25O11
– with a normalized iFit value of 0.0. The analysis of the 

MS/MS data revealed that the compound was an isoprenoid which matched 10-hydroxyloganin 

(36).128  

 

Peak 5 represents a precursor ion with m/z 623.1987 [M-H]- at the retention time 5.91 minutes. 

The molecular formula of the compound was given as C29H36O15
- with a normalized iFit value 

of 0.0. The analysis of MS/MS data indicated that it was a polyphenol, matching forsythiaside 

(37).129 Forsythiaside (37) was reported to significantly inhibit LPS-induced inflammatory 

mediators TNF-α, IL-1β, NO and PGE2 production through inhibition of NF-κB activation and 

activation of the Nrf2/HO-1 signaling pathway.132 Tong et al. also reported that forsythiaside 

effectively inhibited LPS-induced mammary inflammation in mice by attenuating the 

activation of the NF-κB and p38 MAPK signaling pathways.133 These reported activities may 

contribute to the fact that forsythiaside may be responsible for the anti-inflammatory activity 

observed in S. columbaria.  

 

2.3.7 Identification of chemical markers in the acetone extract of C. pyracanthoides stem 

bark 

 

The acetone extract of C. pyracanthoides stem bark showed good anti-inflammatory potential, 

therefore chemical markers were analysed from the extract for quality control and 

commercialization purposes.  

 

Figure 2.7 shows the UPLC-QTOF-MS chemical profile of the acetone extract of C. 

pyracanthoides stem bark (second collection) operating in negative electrospray (ESI) 

ionization mode. 
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Figure 2.7: ESI negative mode BPI chromatogram of the acetone extract of C. pyracanthoides 

stem bark (second collection) with the expansion of region 1 to 10 mins. 

 

Six compounds were tentatively identified from the UPLC-QTOF-MS analysis in ESI negative 

mode using accurate mass data and mass fragmentation patterns as described in section 2.2.4. 

The corresponding peaks are labelled in the chromatogram (figure 2.7). Table 2.6 shows 

accurate mass, formula and MS/MS data for compound fragments tentatively identified from 

the acetone extract of C. pyracanthoides stem bark. 
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Table 2.6: Compounds tentatively identified using UPLC-QTOF-MS analysis of the acetone extract of C. pyracanthoides stem bark 

Peak 

No 

RT 

(min) 

Acquired 

[M-H] m/z 

Formula Calculated 

[M-H]  

m/z 

Possible structure Mass 

error 

(ppm) 

MS/MS Data (fragments) Reference 

1 3.69/4.63 289.0710 C15H14O6 289.0712 Epicatechin 

(Flavonoid) 

0.7 125.0236 [M-H]--C9H8O3 134 

123.0450 [M-H]--C9H10O3 

137.0243 [M-H]--C8H8O3 

169.0126 [M-H]--C7H4O2 

2 3.99 577.1345 C30H26O12 577.1340 procyanidin B2 

(Proanthocyanidin) 

0.2 125.0250 [M-H]--C24H20O9 135 

169.0167 [M-H]--C22H16O8 

289.0725 [M-H]--C15H12O6 

407.0773 [M-H]--C8H8O3-

H2O 

109.0296 [M-H]--C24H20O10 

3 5.03/6.29 287.0561 C15H12O6 287.0555 Dihydrokaempferol 

(Flavanol) 

1.7 125.0259 [M-H]--C8H8O2-

CHO 

136 

152.0125 [M-H]--C8H8O2- 

107.0137 [M-H]--C9H8O4 

135.0402 [M-H]--C7H4O4 

4 5.51 303.0511 C15H12O7 303.0505 Dihydroquercetin 

(Flavonoid) 

2.0 125.0252 [M-H]--C9H8O4 137 

177.0178 [M-H]--C6H4O3 

193.0508 [M-H]--C6H7O2 

109.0295 [M-H]--C9H7O5 

5 7.98 271.0625 C15H12O5 271.0606 Naringenin 

(Flavanone) 

2.0 243.0667 [M-H]--CO 138 

151.0054 [M-H]--C8H8O 

119.0512 [M-H]--C8H8O-

2H2O 

107.0149 [M-H]--C8H8O-

CO2 

6 8.57 285.0403 C15H10O6 285.0399 Kaempferol 

(Flavonoid) 

1.4 151.0051 [M-H]--C8H6O2 139 

135.0081 [M-H]--C7H4O4 

163.0027 [M-H]--C6H5O-

H2O-O 

93.0347 [M-H]--C9H5O5 
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The structures of the tentatively identified compounds are shown in figure 2.8.  
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Figure 2.8: Structures of chemical markers tentatively identified from C. pyracanthoides stem 

bark. 
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The first order mass spectrum of peak 1 showed an [M-H]- ion at m/z 289.0710 at retention 

times 3.69 and 4.63 minutes. The molecular formula generated was C15H13O6
- with normalized 

iFit value of 0.017. The MS/MS data analysis suggested that it was a flavonoid and was 

identified as epicatechin (38). Epicatechin (38) in doses of 5, 25 and 50 µM remarkably (p < 

0.05) was reported to  inhibit the production of proinflammatory mediators including nitric 

oxide (NO) and prostaglandin E2 (PGE2), as well as the production of proinflammatory 

cytokines including tumor necrosis factor (TNF)-alpha and interleukin (IL)-6 in LPS-induced 

Raw 264.7 macrophages.140 This shows that epicatechin can inhibit inflammatory response and 

may be responsible for the anti-inflammatory activity observed in C. pyracanthoides.  

 

The first order mass spectrum of peak 2 showed an [M-H]- ion with m/z 577.1345 at the 

retention time 3.99 minutes. The molecular formula was given as C30H25O12
- with a normalized 

iFit value of 0.10. Analysis of the MS/MS data revealed that it was a proanthocyanidin, 

identified as procyanidin B2 (39). Procyanidin B2 (39) was reported to inhibit the 

monosodiumurate (MSU)-induced inflammatory response in gout by inhibiting the NLRP3 

inflammasome pathway, thereby reducing interleukin-1β (Il-1β) and cathepsin B release.141 

Procyanidin B2 was also reported to prevent LPS-induced tumor necrosis factor-α, interleukin-

1β expression, NF-κB activation, and NLRP3 inflammasome activation.142 These reported 

activities may contribute to the fact that procyanidin B2 may be responsible for the anti-

inflammatory activity observed in C. pyracanthoides.  

 

The first order mass spectrum of peak 3 showed an [M-H]- ion with m/z 287.0569 at retention 

times 5.03 and 6.29 minutes. The molecular formula was given as C15H11O6
- with a normalized 

iFit value of 0.147. The MS/MS data analysis suggested that it was a flavonol, tentatively 

identified as dihydrokaempferol (40).136 Dihydrokaempferol (40) was reported to potently 

inhibit the secretion of TNF-α, PGE2, IL-1β and IL-6, and had a prominent inhibitory effect 

on the downregulation of the phosphorylated protein level of NF-κB p65.143 This showed that 

dihydrokaempferol may be responsible for the anti-inflammatory activity observed in C. 

pyracanthoides.  

 

The first order mass spectrum of peak 4 showed an [M-H]- ion with m/z 303.0511 at the 

retention times 5.51 minutes. The molecular formula was given as C15H11O7
- with a normalized 

iFit value of 0.101. Analysis of the MS/MS data revealed that it was a flavonoid, identified as 
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dihydroquercetin (41).137 Dihydroquercetin (41) was reported to significantly inhibit mRNA 

expression levels of proinflammatory cytokines (IL-1α, IL-1-β, and IL-6) and chemokines 

(CXCL8 and CCL20) in TNF-α-induced HaCaT cells. It also inhibited expression levels of IL-

1α/β, IL-6, CXCL8, and CCL20 by inhibiting IκB/STAT3 protein phosphorylation upon 

stimulation of TNF-α, IL-17A and IFN-γ.144 This showed that dihydroquercetin may be 

responsible for the anti-inflammatory activity observed in C. pyracanthoides.  

 

The first order mass spectrum of peak 5 showed an [M-H]- ion with m/z 271.0625 at the 

retention time 7.98 minutes. The molecular formula generated was C15H11O5
- with a 

normalized iFit value of 0.221. The MS/MS data analysis suggested that it was a flavonone, 

tentatively identified as naringenin (42). 138 Naringenin (42) presents therapeutic effects in 

several models of inflammatory pain. It inhibits the pain-like behaviour induced by 

inflammatory stimuli such as phenyl-p-benzoquinone, acetic acid, formalin, complete Freund’s 

adjuvant, capsaicin, carrageenan, superoxide anion and LPS. It also inhibits UVB irradiation-

induced skin inflammatory edema, cytokine production, myeloperoxidase activity, matrix 

metalloproteinase-9 activity, and oxidative stress.145 This showed that naringenin may 

contribute to the anti-inflammatory activity observed in C. pyracanthoides.  

In the ESI MS spectrum, peak 9 showed an [M-H]- ion with m/z 285.0403 at the retention time 

8.57 minutes. The molecular formula was given as C15H9O6
- with a normalized iFit value of 

0.116. Analysis of the MS/MS data revealed that it was a flavonoid, identified as kaempferol 

(43). 139 Different researchers have reported that kaempferol (43) is responsible for the 

inhibition of nitric oxide synthesis, which was induced by the administration of LPS to J77 

cells and RAW264.7 cells and resulted in the reduction of inflammation. It was also 

demonstrated that the levels of TNF-α, nitric oxide and IL-1B were reduced by the treatment 

of kaempferol in diabetic neuropathy patients.146 This showed that kaempferol may contribute 

to the anti-inflammatory activity observed in C. pyracanthoides.  

 

2.3.8 Identification of chemical markers from the acetone extract of P. capitatum leaves 

 

The acetone extract of P. capitatum leaves showed good anti-inflammatory potential, therefore 

chemical markers were analysed from the extract for quality control and commercialization 

purposes. 
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 Figure 2.9 shows the UPLC-QTOF-MS chemical profile of the acetone extract of P. capitatum 

leaves (second collection) operating in negative electrospray (ESI) ionization mode. 

 

Figure 2.9: ESI negative mode BPI chromatogram of the acetone extract of P. capitatum leaves 

(second collection) with the expansion of region 2 to 12 mins. 

 

Seven compounds were tentatively identified from the UPLC-QTOF-MS analysis in ESI 

negative mode using accurate mass data and mass fragmentation patterns as described in 

section 2.2.4. The corresponding peaks are labelled in the chromatogram (figure 2.9). The other 

peaks were not identified as their fragmentation pattern did not match those in the databases 

used in the identification process. Table 2.7 shows accurate mass, formula and MS/MS data 

for compound fragments tentatively identified from the acetone extract of P. capitatum leaves

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



80 
 

Table 2.7: Compounds tentatively identified using UPLC-QTOF-MS analysis of the acetone extract of P. capitatum leaves 

Peak 

No 

RT 

(min) 

Acquired 

[M-H] 

m/z 

Formula Calculated 

[M-H]  

m/z 

Possible structure Mass 

error 

(ppm) 

MS/MS Data (fragments) Reference 

1 3.52 163.0378 C9H8O3 163.0395 p-coumaric acid 

(Hydroxycinnamic 

acid) 

-1.4 149.0064 [M-H]-O 147 

119.0484 [M-H]--CO2 

93.0294 [M-H]--C3H3O2 

71.0124 [M-H]--C6H5O 

2 5.26 625.1422 C27H30O17 625.1405 quercetin-3-O-

sophoroside 

(Flavone) 

2.0 445.0859 [M-H]--C6H11O6 148 

300.0263 [M-H]--C12H21O10 

271.0240 [M-H]-- C12H21O10-

O-H2O 

 

178.9955 [M-H]--C21H19O11 

3 5.72 609.1468 C27H30O16 609.1456 Rutin 

(Flavonoid 

glycoside) 

2.0 301.0305 [M-H]--C12H21O9 149 

284.0312 [M-H]--C12H21O9-

H2O 

178.9969 [M-H]--C15H9O6-

C6H11O4 

151.0003 [M-H]--C12H21O9-

C8H5O3 

4 6.10 463.0865 C21H20O12 463.0877 Quercimeritrin 

(Flavonoid) 

-2.4 300.0264 [M-H]-C6H10O5 150 

271.0228 [M-H]--C6H11O5-CO 

255.0275 [M-H]--C6H11O5-

CO2 

151.0004 [M-H]--C6H11O5-

C8H6O3 

5 6.46 433.0747 C20H18O11 433.0771 quercetin-3-O-alpha-

L-arabinopyranside 

(Curcuminoids) 

3.5 300.0251 [M-H]--C5H9O4 151 

271.0218 [M-H]--C6H10O5 

255.0274 [M-H]--C6H10O6 

151.0006 [M-H]--C13H14O7 

6 6.83 447.0921 C21H20O11 447.0927 Orientin 

(Flavonoid 

glycoside) 

-1.3 284.0312 [M-H]--C6H11O5 152 

271.0221 [M-H]--C6H11O5-

H2O 

255.0265 [M-H]--C6H11O5-

H2O-O 
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151.0009 [M-H]--C6H11O5-

C8H6O2 

7 10.98 169.1213 C10H18O2 169.1229 citronellic acid 

(Monoterpenoid) 

2.5 97.0643 [M-H]--C2H3O2-CH3 153 

152.9939 [M-H]--H2O 

143.0695 [M-H]--2CH3 

83.0476 [M-H]--C4H7O2 
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The structures of the compounds are shown in figure 2.10.  

 

O

OHHO

p-coumaric acid (44)  

O

OHO

OH

O

O

OH OH

OH

O

O

OH

OH

OH

OH

OH

OH

Quercetin-O-sophoroside (45)  

O O

O

O

O

OOH

HO

OH

OH

OH

OH

OH

OH

OH

HO

Rutin (46)  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



83 
 

O

O O O
OH

OH

OH

HO

OH

HO

HO

HO
Quercimeritrin (47)  

O

O

O

OOH

HO

OH

OH

OH

OH

OH

Quercetin-3-O-alpha-L-arabinopyranoside (48)

O

O

HO OH

O

OH

OH

OH

HO

OH

OH

Orientin (49)  

O

OH

Citronellic acid (50)  

Figure 2.10: Structures of chemical markers tentatively identified from P. capitatum leaves. 

 

The first order mass spectrum of peak 1 showed an [M-H]- ion with m/z 163.0378 at the 

retention time 3.52 minutes. Analysis of elemental composition yielded the molecular formula 

C9H7O3
- with a normalized iFit value of 0.147. The fragmentation pattern observed was in 

agreement with that reported for p-coumaric acid (44). 147 Pragasam et al. reported that p-

coumaric acid (44) showed significant (p < 0.05) anti-inflammatory effects in adjuvant-induced 

arthritic rats by effecting a decrease in the expression of the inflammatory mediator TNF-α and 

circulating immune complexes.154 This showed that p-coumaric acid may contribute to the anti-

inflammatory activity observed in P. capitatum.  
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The ESI MS spectrum of peak 2 showed an [M-H]- ion with m/z 625.1422 at the retention time 

5.26 minutes. The molecular formula was given as C27H29O17
- with a normalized iFit value of 

0.003. Analysis of the MS/MS data revealed that the compound was a flavone, identified as 

quercetin-3-O-sophoroside (45).148 In the ESI MS spectrum, peak 3 showed an [M-H]- ion with 

m/z 609.1468 at the retention time 5.72 minutes. The molecular formula was given as 

C27H29O16
- with a normalized iFit value of 0.173. The analysis of the MS/MS data indicated 

that it was a flavonoid glycoside, matching rutin (46).149 Previous studies have revealed that 

rutin (46) suppressed the production of tumour necrosis factor-α and IL-6 and the activation of 

nuclear factor-κB and extracellular regulated kinases 1/2 by high mobility group box 1 

(HMGB1).155 This showed rutin may contribute to the anti-inflammatory activity observed in 

P. capitatum.  

 

Peak 4 observed with m/z 463.0865 [M-H]- at the retention time 6.10 minutes had a molecular 

formula of C21H19O12
- with a normalized iFit value of 0.003. Analysis of the MS/MS data 

revealed that the compound was a flavonoid, identified as quercimeritrin (47). Quercimeritrin 

(47) has been reported to possess anti-inflammatory activity by inhibiting the expression of 

inducible nitric oxide synthase and the release of nitric oxide by lipopolysaccharide-stimulated 

RAW 264.7 macrophages in a dose-dependent manner. Quercimeritrin also inhibited the 

overexpression of cyclooxygenase-2 and granulocyte- macrophage–colony-stimulating 

factor.156 This showed that quercimeritrin may contribute to the anti-inflammatory activity 

observed in P. capitatum. In the first order mass spectrum of peak 5, the [M-H]- ion was 

observed with m/z 433.0747 [M-H]- at the retention time 6.46 minutes. It had a molecular 

formula of C20H17O11 
- with a normalized iFit value of 0.001. The analysis of the MS/MS data 

indicated that it was a curcuminoid, matching quercetin-3-O-alpha-L-arabinopyranoside 

(48).151  

 

In the first order mass spectrum of peak 6, the [M-H]- ion was observed with m/z 447.0921 [M-

H]- at the retention time 6.83 minutes. It had a molecular formula of C21H19O11
- with a 

normalized iFit value of 0.039. Analysis of the MS/MS data revealed that the compound was 

a flavonoid glycoside, identified as orientin (49). 152 A study carried out by Yu et al. reported 

that orientin suppressed inflammatory responses through the modulation of the mitogen-

activated protein kinase MAPK/NF-κB signaling pathway by suppressing NF-κB 

translocation.157 This showed that orientin may contribute to the anti-inflammatory activity 

observed in P. capitatum.  
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The MS spectrum of peak 7 was observed at the retention time 10.98 mins with m/z 169.1213 

[M-H]-. The molecular formula obtained was C10H17O2
– with a normalized iFit value of 0.005. 

The analysis of the MS/MS data indicated that it was a monoterpenoid, matching citronellic 

acid (50). Citronellic acid, one of the constituents in Eucalyptus citriodora leaf extract inhibited 

the expression levels of TNF-α, IL-6, NO, iNOS and COX-2 in LPS- activated RAW 264.7 

macrophages.153 This showed that citronellic acid may contribute to the anti-inflammatory 

activity observed in P. capitatum. 

 

2.4  Conclusion 

 

Three plant species (Scabiosa columbaria, Commiphora pyracanthoides and Pelargonium 

capitatum) from 3 different families were selected for research, based on their traditional uses, 

and by applying criteria and a scoring system. Plant extracts were prepared and screened for 

anti-inflammatory activity against selected proinflammatory cytokines. Based on the screening 

results, one plant species (Scabiosa columbaria) was selected for screening against normal 

human melanocytes. Sixteen extracts were prepared from different plant parts of the 3 plants. 

Acetone and ethanol extracts of the roots of Scabiosa columbaria, acetone extract of the leaves 

of S. columbaria  and acetone and water/ ethanol (1:1) extracts of the stem bark of Commiphora 

pyracanthoides potently (<1 to 9 µg mL-1) decreased the levels of the selected proinflammatory 

cytokines (PGE2, TNF-α, IL-6, IL-8 and IL-1β). Extracts (acetone, ethanol, water/ ethanol 

(1:1) and water) from the leaves of P. capitatum displayed moderate activity (1 to 546 µg mL-

1) on one of the cytokines (IL-6) while no activity was obtained in the other cytokines. There 

is no scientific literature report on the anti-inflammatory activity of P. capitatum. S. 

columbaria, C. pyracanthoides and P. capitatum were traditionally used for the treatment of 

wound healing and skin inflammation. The extracts from these plant species were scientifically 

shown to exhibit proinflammatory cytokine inhibition activities, thus providing scientific 

evidence supporting their traditional uses and also exhibiting their potential to be developed 

into anti-inflammatory ingredients.  

 

The chemical profiles for the most active extracts from the three plant species (S. columbaria, 

C. pyracanthoides and P. capitatum) were developed for quality control purposes. Three 

compounds were tentatively identified by UPLC-QTOF-MS analysis from the acetone extract 

of S. columbaria leaves which are harpagide (30), 10-hydroxyloganin (31) and forsythiaside 
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(32). These compounds were not previously reported to occur in S. columbaria. Six compounds 

were tentatively identified by UPLC-QTOF-MS analysis from the acetone extract of C. 

pyracanthoides, which are epicatechin (33), procyanidin B2 (34), dihydrokaempferol (35), 

dihydroquercetin (36) naringenin (37) and kaempferol (38). Seven compounds were tentatively 

identified by UPLC-QTOF-MS analysis from the acetone extract of P. capitatum which are p-

coumaric acid (39), quercetin-3-O-sophoroside (40), rutin (41), quercimeritrin (42), quercetin-

3-O-alpha-L-arabinopyranoside (43), orientin (44) and citronellic acid (45). The identified 

compounds can be used as chemical markers for batch-to-batch reproducibility, as a 

requirement for commercialization. Furthermore, S. columbaria root was the most bio-active. 

As no compounds have been isolated from S. columbaria and tested for its anti-inflammatory 

activity, it was selected for further investigation, (chapter 3) to identify and isolate the 

compound/s responsible for the observed activity.  

The acetone extract of S. columbaria roots did not show any skin even tone activity in the even 

tone 2D coculture model, even though it exhibited a positive result in the 1D model (melanin 

global). An extract of a different plant part, the leaves, of S. columbaria has previously been 

reported to have an anti-melanogenesis effect. Since the acetone extract of S. columbaria roots 

were not active in the 2D skin even tone model, further research on this plant species for skin 

even tone was not conducted. 
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CHAPTER 3: Anti-inflammatory screening, characterization and isolation 

of compounds from Scabiosa columbaria roots 

3.1  Introduction  

3.1.1 Background to the genus  

 

The genus Scabiosa belongs to the family of Caprifoliaceae, although in previous reports, it 

appears to be included in the Dipsacaceae family. However, due to morphological and 

molecular phylogenetics analysis, Dipsacaceae is no longer recognized as a family and their 

species are currently placed in the family Caprifoliaceae.1 The genus Scabiosa is considered to 

have 618 scientific plant names of species although only 62 species have accepted Latin 

binominal names.1 The majority of the Scabiosa species are widely distributed in the 

Mediterranean region, Asia and Southern Africa.2 Scabiosa species are annual plants with basal 

leaf rosettes and leafy stems. They are mostly shrubs with variations in size from 10 cm to 60 

cm.3 Their flowers have crowded small heads with colours ranging from white to purple which 

is why some are used as ornamental plants.1 Several species of the genus Scabiosa are widely 

used in the food, cosmetic and pharmaceutical industries.4 The class of compounds known to 

occur in this genus includes flavonoids, iridoids and terpenoids and their derivatives. Some of 

the species that occur in this genus include Scabiosa stellata, Scabiosa atropurpurea, Scabiosa 

succisa, Scabiosa comosa, Scabiosa tschilliensis, Scabiosa hymettia, Scabiosa prolifera L., 

Scabiosa arenaria Forssk, Scabiosa argentea L., Scabiosa tenuis, Scabiosa columbaria, etc.1 

The current study focuses on the species Scabiosa columbaria. It is a perennial herb widely 

used as herbal medicine throughout its distributional range in tropical Africa, Asia and Europe. 

Aerial parts, leaves, roots and stems of this plant are used as herbal medicine for eye problems, 

heartburn, respiratory problems, wounds, female infertility, venereal disease, skin infections 

and menstrual problems.3 

 

3.1.2 Botany and geographical distribution 

 

The Dipsacaceae family contains annual and perennial herbs or shrubs that occur mainly in the 

Mediterranean basin with about 20% distribution in Eastern Africa, Southern Africa and Asia.5 

S. columbaria is mainly found in Northeast, Southern Africa, Temperate Asia and Europe.5 Its 
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distribution extends from Europe where it is recorded exclusively in semi-dry or dry grassland 

(a vegetation type that reduced drastically in Swiss lowlands as a result of land use changes 

and transformation process in the last decades) to Italy where it is recorded in grassland arid 

pastures nutrient poor habitat, grazed and mown calcareous grassland to Africa where it is 

recorded in open woodland, grassland, bushveld, sandy flats, rocky slopes, mountain slopes 

and valleys at an altitude ranging from 5 m to 3475 m above sea level.6, 7 This plant is 

considered an endangered species in Netherlands, the Pre-alps and the Swiss Jura mountains 

in Northern Switzerland.8, 9  

 

The genus name ‘Scabiosa’ is obtained from the word scabies which means ‘to scratch’ 

because of its use in ancient times as an herbal medicine for scabies, skin sores and other skin 

infection. The species name ‘columbaria’ is a latin word meaning dove-like or dove-colored 

in reference to some flower forms of the speciess.10 S. columbaria is commonly called Wild 

scabious and Butterfly blue in English, Bitterwortel in Afrikaans, Makgha in Xhosa and Ibheka 

in Zulu.11 Two species of S. columbaria are recognized which include S. columbaria subsp. 

banatica (Waldst and Kit) Diklic and S.columbaria subsp. Caespitosa Jamzad.12 S. columbaria 

is a perennial evergreen herb that is 1m in height with the branches springing forth from 

persistent fleshy roots.12 The leaves have an oblanceolate shape with thin-textured slightly 

hairy, characteristic lobed margin forming a rosette on the ground. The stems are long, slender, 

erect and seldomly branched with a terminal head of small flowers which are surrounded by 

bristly bracts. The flowers are pink, white or lilac.3 This plant usually grows in soils with a pH 

of 6.5-7.2 and flowers in mid-summer.13, 14 

 

.  

Figure 3.1: Picture A shows the S. columbaria plant with flowers and picture B shows the S. 

columbaria plant without flowers (Picture A taken from www.plantinfo.co.za 15 

and Picture B captured by Chidinma Ezeofor) 
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3.1.3 Traditional uses of S. columbaria 

 

The decoction of the aerial part of the plant is used in Spain as a traditional remedy for 

diphtheria.16 The aerial parts of the plant have also been used for the treatment of uterine 

disorders, high blood pressure and hepatic protector.16, 17 The leaves and roots of the plant are 

used traditionally as an ointment for wound healing.18 Studies revealed that the leaves and roots 

of S. columbaria are used commercially as colic and herbal medicine for heartburn in South 

Africa.19 The roots and whole plants of S. columbaria are sold as herbal medicine in informal 

herbal medicine markets in 66.7% of the provinces in South Africa which include Eastern 

Cape, Limpopo, KwaZulu-Natal, Northern Cape, Gauteng and Mpumalanga.3 This plant is 

commonly used in South Africa contributing to the primary health care of local communities. 

It is incorporated into the traditional material medica in South Africa and is included in the 

book ‘Medicinal plants of South Africa.3  

 

In Lesotho, the roots of the plant are mixed with the leaves of Asclepias humilis (E. Mey) Schltr 

and the rhizomes of Gunnera perpensa L. to address menstrual problems.20, 21 The roots of S. 

columbaria in combination with Cussonia paniculata and Saposhnikovia divaricata are used 

for the treatment of colic.22 S. columbaria roots are mixed with those of Aster bakerianus Burtt 

Davy ex C.A.Sm for the treatment of skin rashes.23 Also, a mixture of the roots of S. columbaria 

with those of Decoma anomala, Helichrysum caespititium (DC) Sond ex Harr. and 

Zantedeschia albomaculata is used for the treatment of venereal diseases.21, 24 Apart from being 

used as herbal medicine, it is also consumed as a leafy vegetable in Italy.25 In the Iberian 

peninsula, Italy and South Africa, the leaves, stems and roots of this plant were applied on the 

skin for the treatment of skin infections like eczema, fungus-borne skin disease, acariasis, 

dermatitis, measles and rashes. An ointment produced from the mixture of charred roots of S. 

columbaria and kerosine is applied topically by the Sotho residents for the treatment of 

venereal sores. Dried and roasted roots of the plant mixed with animal fat were used as an 

ointment to heal wounds.26 The powdered root of the plant is used to make baby powder.11 In 

this study, S. columbaria was selected based on its extensive traditional uses for the treatment 

of skin-related diseases. 
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3.1.4 Previously reported biological efficacy of S. columbaria  

 

Van Vuuren et al. showed that the aqueous and DCM/Methanol (1:1) extracts of S. columbaria 

leaves exhibited anti-bacterial activity (MIC from 2 mg/mL) against Gardnerella vaginalis, 

Neisseria gonorrhoeae, Oligella ureolytica, and Ureaplasma urealyticum bacteria associated 

with urogenital or sexually transmitted infections.27 Aqueous and organic root extracts of S. 

columbaria showed anti-bacterial activities (MIC from 1.3 mg/mL to > 8 mg/mL) against 

pathogens such as Citrobacter freundii, Enterobacter homaendis, Moraxella catarrhalis, 

Klebsiella pneumoniae and Staphylococcus aureus.28 Van Vuuren et al. reported the anti-fungal 

activity (MIC from 2 mg/mL to 8 mg/mL) of aqueous and DCM/Methanol (1:1) extracts of the 

leaves and roots of S. columbaria against Candida albicans (associated with urogenital or 

sexually transmitted diseases) using the microdilution technique.27  The same study reported 

the anti-protozoal activity of aqueous and DCM/Methanol (1:1) extracts of the leaves and roots 

of S. columbaria against Trichomonas vaginalis (associated with urogenital or sexually 

transmitted infection). The DCM/Methanol (1:1) extract of the leaves showed good activity (3 

mg/mL) compared to the positive control ciprofloxacin (0.01 mg/mL).27 Otang-Mbeng et al. 

reported the anti-tyrosinase and anti-oxidant activities of the methanol extract of S. columbaria 

leaves at 25-100 µg/mLin a dose-dependent manner. The plant extract was not found to be 

cytotoxic at the concentration tested.29  

 

3.1.5 Reported phytochemistry and biological efficacy of compounds found in S. 

columbaria 

 

Phytochemical studies have shown the presence of triterpenes, triterpene saponins, triterpene 

glycosides, monoterpenoid glucoindole alkaloids, iridoids and flavonoids in the Scabiosa 

genus.1, 30 The chemical constituents of S. columbaria are quite limited although it is known to 

contain tannins, saponins, iridoids and their glycosides.14, 31 

 

Loganin (51) and sweroside (52) were isolated from the 95% 1:1 ethanol/trichloromethane 

extract of S. columbaria tubers.14 Loganin (51) has been reported to have anti-inflammatory 
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activity as a COX-1 inhibitor (IC50 = 3.55 mM) and TNF-α suppression activity (IC50 = 154.6 

mM).32  
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Figure 3.2: Structures of compounds reported from Scabiosa columbaria. 

 

3.2 Materials and methods 

3.2.1 Collection, processing and extraction of S. columbaria roots 

 

The first and second collections of S. columbaria roots and the in vitro anti-inflammatory 

screening against selected proinflammatory cytokines of the extracts (acetone, ethanol, 

water/ethanol (1:1) and water) obtained from the second collection of the S. columbaria roots 

were discussed in chapter 2. Subsequent anti-inflammatory screenings (NO inhibition assay) 

were carried out at Bioassaix, Nelson Mandela University (NMU).  The extract quantities 

obtained from the second collection of plant material were not sufficient for further research, 

and additional plant material was collected. The third collection of plant material was 

undertaken by J. Vahrmeijer from Nylstroom (Modimolle) in Limpopo, South Africa. The plant 

specimen was deposited at the H.G.W.J Schweickerdt Plant Herbarium (voucher specimen 

number PRU 125482). The plant material was dried and ground as described for the second 

collection in chapter 2 (section 2.2.3). Ground plant material (10g) was extracted separately 
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using acetone, water/ethanol (1:1) and water by adding each solvent (100 mL) in an Erlenmeyer 

flask containing the plant material and stirring for 24 hours using a magnetic stirrer while 1 kg 

of ground plant material was extracted using ethanol by adding 1000 mL of the solvent in an 

Erlenmeyer flask containing the plant material and stirring for 24 hours using a magnetic stirrer 

(figure 3.3). The extraction, filtration and storage procedure were carried out as described for 

the second collection of plant material in chapter 2 (section 2.2.3). The extracts (acetone, 

ethanol, water/ethanol (1:1) and water) obtained from second and third collection of S. 

columbaria roots were screened in the anti-inflammatory assay.  

 

 

Figure 3.3: Flow diagram for the extraction of the second and third collection of S. columbaria 

roots using acetone, ethanol, water/ethanol (1:1) and water, separately. 

 

 

 

 

3.2.2  Isolation and identification of pure compounds 

3.2.2.1  Liquid-liquid partitioning of the ethanol extract 

 

Liquid-liquid partitioning of the ethanol extract of S. columbaria roots (from the third 

collection of the plant) was carried out to separate the polar (defatted ethanol fraction) and non-

polar (hexane fraction) parts of the crude extract. The ethanol extract (40 g) was defatted by 
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partitioning between 400 mL of ethanol/water (90:10) and 200 mL of hexane. After the 

separation of the two layers, the ethanol/water (defatted) fraction and the hexane fraction were 

evaporated to dryness using a rotary evaporator (figure 3.4). The process was repeated two 

times. The defatted ethanol fraction and the hexane fraction were screened for the anti-

inflammatory activity. 

 

 

Figure 3.4: Flow diagram showing the liquid-liquid partitioning of the ethanol extract of the 

third batch of S. columbaria roots. 

 

3.2.2.2 Fractionation of the defatted ethanol fraction  

 

The defatted ethanol fraction of S. columbaria roots was fractionated to isolate and identify the 

chemical compounds. The defatted ethanol fraction (15g) was fractionated by column 

chromatography using silica gel (Merck silica gel 60 (0.063-0.20 mm)) and 73:24:3 ethyl 

acetate/methanol/water as the mobile phase (isocratic). The resulting 20 fractions were 

monitored by TLC analysis. The TLC plates (Merck silica gel plates 60 F254) were viewed 

under a UV lamp at 256 nm and 366 nm (Spectroline®Model ENF-240C/FE, Spectronics 

Corporation Westbury, New York, USA), then stained by spraying with vanillin reagent. 

Fractions 11 to 13 and 17 to 19 were combined separately based on their similar TLC profiles. 

The 16 fractions were labelled as F1 to F16. Fractions 11 and 15 were selected for purification 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



103 
 

using HPLC-QDA as they both were a good representation of all the compounds in the defatted 

ethanol fraction based on their TLC profiles. 

  

3.2.2.3  Preparative HPLC fractionation of the defatted ethanol fraction  

 

To facilitate the isolation of compounds from fraction 11 (500 mg) obtained from the silica gel 

column chromatography of the ethanol fraction, it was dissolved in 5 mL HPLC grade MeOH 

and then filtered through a 0.22 µm nylon syringe filter (13 mm diameter). The solution was 

subjected to analysis using an XBridge C18 analytical column (4.6 mm x 150 mm, 5 μm, 

Waters). Chromatographic conditions were optimized on an XBridge C18 analytical column 

(4.6 mm x 150 mm, 5 µm Waters) to achieve a well-resolved chromatogram within a short 

analysis time. The optimized method was upscaled to the Prep C18 column (19 mm x 250 mm, 

5 µm, Waters) using Waters Prep calculator software. The mobile phase consisted of water + 

0.1% Formic acid (FA) (solvent A) and MeOH + 0.1% FA (solvent B) at a flow rate of 17.06 

mL/min (obtained from the calculator) and an injection volume of 200 µL for 50 mins. The 

gradient method used was as follows: 8%B (0.00-0.17 min), 8-38%B (0.17-30.00 mins), 38-

100%B (30.00-43.33 minutes), 100-8%B, (43.33-50.00 mins). The preparative HPLC was 

interfaced with a 2998 PDA detector and a QDA mass spectrometer operated in a negative ion 

mode. The source temperature was 120oC, while the probe temperature was set at 600oC. The 

capillary and cone voltages were set to 800 and 10V respectively. Data between 100 and 900 

m/z were collected. Using a fraction collector, the eluents were collected in 240 tubes, each 

holding roughly 2 mL. Fractions were subsequently combined based on their similar MS and 

UV data and concentrated to give six subfractions. A pure compound (62) and four semi-pure 

subfractions (F11SF2, F11SF4, F11SF5 and F11SF6) were collected based on their molecular ion 

mass in electrospray negative mode (figure 3.5). F11SF5 was purified in the same way as 

described above resulting in the isolation of a pure compound (63) (figure 3.5).  

 

Fraction 15 (500 mg) from the silica gel column chromatography of the ethanol fraction was 

fractionated using the same instrument and conditions as above yielding ten subfractions that 

could not be further purified to obtain pure compounds due to their low quantities. 
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Figure 3.5: Flow diagram showing fractionation of the defatted ethanol fraction of S. 

columbaria roots. 

 

3.2.2.4 Fractionation of the hexane fraction of the ethanol extract 

 

Fractionation of the hexane fraction of the ethanol extract of S. columbaria roots was carried 

out to isolate and identify the compound(s) responsible for the potent activity observed for the 

hexane fraction. The hexane fraction (7g) was fractionated by column chromatography using 

silica gel (Merck silica gel 60 (0.063-0.20 mm)). The silica gel was loaded unto the column 

using hexane. The mobile phase increased in polarity in 5% increments of EtOAc in hexane to 

100% EtOAc. Thereafter, 10, 20 and 30% MeOH in EtOAc was used to elute the remaining 

compounds from the column. The resulting 70 fractions were monitored by TLC (Merck silica 

gel plates 60 F254). The solvent systems used for the TLC analysis were 9:1 Hex/ EtOAc, 8:2 

Hex/ EtOAc, 7:3 Hex/ EtOAc, 1:9 Hex/EtOAc and 9:1 EtOAc/MeOH. The TLC plates were 

viewed under a UV lamp at 256 nm and 366 nm (Spectroline®Model ENF-240C/FE, 

Spectronics Corporation Westbury, New York, USA), then stained by spraying with vanillin 

reagent. Fractions 1-8, 9-23, 24-26, 27-32, 33-36, 37-43, 44-47, 48-53, 54-65 and 66-70 were 

combined separately based on their similar TLC profiles. A total of 10 fractions were finally 

obtained and labelled as F1 to F10 (figure 3.6).  
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Figure 3.6: Flow diagram showing fractionation of the hexane fraction of S. columbaria roots. 

 

3.2.2.5 Preparative thin layer chromatography (PTLC) of the hexane fraction 

 

To facilitate the isolation of active compound(s) responsible for the potent activity observed 

for the hexane fraction, purification of active fraction 6 from the silica gel column 

chromatography of the hexane fraction was carried out. Fraction 6 (50 mg) above was subjected 

to purification using silica gel preparative thin layer chromatography (PTLC) (Silica gel 60 

glass plates (Merck KGaA, Darmstadt, Germany) and 80: 15: 5 

hexane/dichloromethane/methanol as the mobile phase (isocratic). The two resulting bands 

were monitored by TLC analysis. The PTLC plate (Silica gel 60 glass plates (Merck KGaA, 

Darmstadt, Germany) was viewed under a UV lamp at 256 nm and 366 nm 

(Spectroline®Model ENF-240C/FE, Spectronics Corporation Westbury, New York, USA). 

The two separated bands were scratched into two polytope vials respectively, and the 

compounds were eluted using dichloromethane and ethyl acetate simultaneously. The two 

eluted band(s)/compound(s) were analyzed by NMR which showed that they were still impure.  

One of the eluted bands/compounds was further subjected to purification by adding acetonitrile 

(5 mL) to the dried eluted band (appearing as a white solid powder) in a polytope vial and 

stirring for 10 minutes at room temperature. The resulting solution was allowed to settle after 

which the supernatant was carefully removed using a pasteur pipette without touching the 

settled solid. After removing the supernatant, 5 ml of methanol was added to the resulting 

residue obtained from above and the procedure for washing with acetonitrile above was 
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followed. The resulting supernatant was removed using a pasteur pipette while the residue (2 

mg) obtained was evaporated to dryness by exposing it on a petri dish kept in a fume cupboard 

overnight. The dried residue resulted to a pure compound (64).  

 

3.2.2.6 Purification of a compound from the hexane fraction 

 

In line with the goal stated in section 3.2.2.5, purification of active fraction 6 from the silica 

gel column chromatography of the hexane fraction was carried out. Fraction 6 (10 mg) from 

the silica gel column chromatography of the hexane fraction was subjected to purification by 

washing with hexane, ethyl acetate, acetonitrile and methanol simultaneously. Hexane (5 mL) 

was added to 10 mg of fraction 6 (white precipitate) in a polytope vial and stirred for 10 mins 

at room temperature. The resulting solution was allowed to settle after which the supernatant 

was carefully removed using a pasteur pipette without touching the settled solid. After 

removing the supernatant, 5 ml of ethyl acetate was added to the resulting residue obtained 

from above and the procedure for washing with hexane above was followed. The same process 

was repeated with acetonitrile (5 mL) and methanol (5 mL) simultaneously. The final residue 

obtained was evaporated to dryness by exposing it on a petri dish kept in a fume cupboard 

overnight. The dried residue resulted to a pure compound (65) (figure 3.6).  

 

3.2.2.7 LC-MS-SPE-NMR purification of compounds from fractions of the hexane 

fraction 

 

In line with the goal stated in section 3.2.2.5, purification of active fraction 8 from the silica 

gel column chromatography of the hexane fraction was carried out. Fraction 8 (100 mg) from 

above was subjected to mass directed purification using hyphenated liquid chromatography-

mass spectrometry-solid phase extraction-nuclear magnetic resonance spectroscopy (LC-MS-

SPE-NMR). The solution was dissolved in 1.5 mL of tetrahydrofuran and filtered on an 

AcrodiscR syringe filters. The separation was achieved on a Phenomenex C18 column (150 x 

4.6 mm, 5µm Luna® Omega). The mobile phase consisted of water + 0.1% FA (solvent A) 

and ACN + 0.1% FA (solvent B) at a flow rate of 0.6 mL/min and injection volume of 15 µL 

for 25 mins. The gradient method used was as follows: 45%B (0.00-1.00 min), 45-100%B 

(1.00-22.00 mins), 100-45%B (22.00-25.00 mins). Peaks were detected by the PDA detector 

as they eluted from the column and then trapped in individual allocated SPE cartridges. The 

loaded cartridges were dried using pressurized nitrogen gas. The trapped peaks were eluted 
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from the cartridges to pre-weighed vials using the SamplePro Tube liquid handler. Data 

collected using HyStarTM software package. Two pure compounds (66) and (67) and four 

semi-pure subfractions (F8SF1, F8SF2, F8SF3 and F8SF6) were collected based on their 

molecular ion mass in electrospray negative mode (figure 3.6).  

 

3.2.3 UPLC-QTOF-MS analysis of extracts, fractions and compounds 

 

The crude extracts, fractions and compounds were analyzed on Waters acquity ultra-

performance liquid chromatography-quadrupole time of flight mass spectrometer (UPLC-

QTOF-MS) operating in both positive and negative mode as described in Chapter 2 (section 

2.2.5)  

 

3.2.4 NMR analysis of pure compounds 

 

NMR analysis of pure compounds was conducted using Bruker Avance III 400 MHz and 500 

MHz spectrophotometers equipped with a prodigy probe. Compounds were dissolved in 

deuterated solvents (250 µl for 500 MHz and 400 µl for 400 MHz instruments) CDCl3 (Aldrich 

Chemistry, Sigma-Aldrich, USA), CD3OD (Merck, Switzerland) and DMSO-d6 (Sigma-

Aldrich, USA) in NMR tubes for analysis. The chemical shifts were reported in ppm (δ-scale) 

reference to residual solvent resonances (CD3OD δH 3.31, δC 49.0 ppm; CDCl3 δH 7.26, δC 

77.16 ppm; DMSO-d6 δH 2.50, δC 39.52 ppm).  Data were processed using Topspin 4.0.9 

software from Bruker. The coupling constants “J” were given in Hertz (Hz). The signal 

multiplicity was reported with the corresponding letter in Italics as follows: s = singlet, d = 

doublet, dd = doublet of doublet, q = quartet, m = multiplet. The structures of the compounds 

were elucidated by interpretation of the 1D (1H, 13C) and 2D (HSQC, HMBC, COSY) NMR 

data.  

 

 

3.2.5 Biological screening of extracts, fractions and compounds from Scabiosa 

columbaria roots 

 

The biological screening was carried out at the Bioassaix laboratory, NMU, under the 

supervision of Professor Maryna van de Venter. 
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3.2.6 Nitric oxide (NO) inhibition assay 

 

Raw 264.7 cells were seeded into 96 well plates at a density of 1x 105 cells per well overnight 

for proper attachment. The spent culture medium was removed the next day and the samples 

(diluted in Roswell Park Memorial Institute Medium (RPMI) supplemented with 10 % Fetal 

Bovine Serum (FBS)) were added to give final concentrations of 25, 50, 100 and 200 µg/mL(50 

µg/mLper well at double the desired final concentration). 50 µg/mLof LPS (final concentration 

of 500 ng/mL) containing medium was added to the corresponding wells to assess the anti-

inflammatory activity. Aminoguanidine (AG) (100 µM) was used as the positive control for 

this assay. Cells were incubated for further 24 hrs. To quantify the production of nitric oxide, 

50 µl of the spent culture medium was transferred to a new 96 well plate and 50 µl Greiss 

reagent (containing 50 µl of sulfanilamide and 50 µl of N-1-naphthylethylenediamine 

dihydrochloride (NED) solution) was added. Absorbance was measured at 540 nm using a 

BioTek® PowerWave XS spectrophotometer (Winooski, VT, USA) and the result expressed 

relative to the appropriate untreated control. A standard curve using sodium nitrite dissolved 

in the culture medium was used to determine the concentration of nitric oxide in each sample.  

 

3.2.7 Cytotoxicity assay 

 

Cell viability was assessed using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-

bromide (MTT) to confirm that the test samples were not toxic to the cells. This was done by 

replacing the existing medium and treatments in each well with medium containing 0.5 mg/mL 

MTT and further incubating it for 30 minutes at 37oC. MTT was further removed and 200 µL 

of DMSO was added to each well to solubilize the formazan crystals. Absorbance was read at 

540 nm using a BioTek® PowerWave XS spectrophotometer (Winooski, VT, USA). 

 

3.3 Results and discussion  

3.3.1    Collection, processing and extraction of S. columbaria roots 

 

The third collection of wet roots of S. columbaria was 3649.6g and after drying and grinding, 

2768.30g of the ground roots was obtained. The extraction yields for the acetone, ethanol, 

water/ethanol (1:1) and water extracts were 3.5% (0.0705g), 14.5% (0.29g), 39.7% (0.80g) and 

18.15% (0.36g), respectively based on the dry weight of extracted plant material.  
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3.3.2 Anti-inflammatory screening of extracts 

 

The four extracts (acetone, ethanol, water/ethanol (1:1) and water) from second and third 

collections of plant material were screened against LPS stimulated nitric oxide production in 

Raw 264.7 macrophages to determine their anti-inflammatory potential (figure 3.7). 

 

 

 

Figure 3.7: Nitric oxide production in LPS activated macrophages treated with different 

concentrations of extracts. Bar graphs represent triplicate values of one 

experiment. Error bars represent the standard deviation of the mean. The p values 

are relative to the negative control (medium + LPS). Aminoguanidine (AG) was 

included as the positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001.  

 

The results showed that the acetone extract from the second collection significantly (P < 0.001) 

reduced LPS-stimulated nitric oxide production in Raw 264.7 macrophages at all tested 

concentrations (50, 100 and 200 µg mL-1), relative to the negative control (medium + LPS) (50 

µg mL-1). The ethanol extract of the second collection also showed significant inhibitory effect 

on nitric oxide production at all tested concentrations (50 [P < 0.05], 100 [P < 0.01] and 200 

[P <0.001] µg mL-1) relative to the negative control (medium + LPS) (50 µg mL-1). 

Additionally, water/ethanol (1:1) and water extracts from the second collection showed 

significant inhibitory effect on the production of nitric oxide at 100 [P <0.001] and 200 

µg/mL[P < 0.01] for water/ethanol (1:1); 200 µg/mL[P < 0.001] for water relative to the 

negative control (medium + LPS) (50 µg/mL). The acetone extract of the third collection 

Extracts from the 

second collection 
Extracts from the 

third collection 
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significantly reduced LPS-stimulated nitric oxide production at all tested concentrations (50 [P 

< 0.01], 100 and 200 [P <0.001] µg/mLrelative to the negative control (medium + LPS) (50 µg 

mL-1). The ethanol extract of the third collection also showed a significant reduction in the 

production of LPS stimulated nitric oxide in Raw 264.7 macrophages at 200 µg/mL[P<0.05] 

relative to the negative control (medium + LPS) (50 µg/mL). The water/ethanol (1:1) extract 

of the same collection also showed significant inhibitory effect on nitric oxide production at 50 

[P<0.05] and 200 µg/mL[P<0.01] relative to the negative control (medium + LPS) (50 µg mL-

1). In addition, significant inhibition of LPS stimulated nitric oxide production was observed at 

50 µg/mL[P<0.001] for water extract of the third collection relative to the negative control 

(medium + LPS) (50 µg mL-1). Extracts from the second collection of plant material showed 

better activity than the extracts from the third collection. Differences in seasons, age and 

locations could have played a role in the differences observed with the biological activities 

because of the different ratios of chemical compounds plants produce in different conditions.33 

The anti-inflammatory activity of S. columbaria roots acetone, ethanol, water/ethanol (1:1) and 

water extracts observed in this study are consistent with a previous study on the anti-

inflammatory activity of S. columbaria leaves prepared with acetone and hexane. The acetone 

extract of S. columbaria leaves displayed anti-inflammatory activity at high test concentrations 

(50 µg/mL[P ˂ 0.05] and 100 µg/mL[P ˂ 0.01]) while the hexane extract displayed anti-

inflammatory activity at the test concentration (100 µg/mL[P ˂ 0.05].34  Although the acetone 

extracts from the second collection showed better activity, the quantities obtained were 

insufficient for further research. The ethanol extract from the third collection was selected for 

fractionation to target the active compound/s since ethanol is a more industry-acceptable 

solvent than acetone and easier to isolate compounds than the water/ethanol (1:1) or water 

extracts.  

 

3.3.3 Cell viability of extracts 

 

The cell viability assay was carried out for the four extracts (acetone, ethanol, water/ethanol 

(1:1) and water) from second and third collection to confirm that the extracts were not toxic to 

the RAW 264.7 cells (figure 3.8).  
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Figure 3.8: Cell viability (%) of LPS activated macrophages after 24 hours of exposure to 

extracts. Bar graphs represent triplicate value of one experiment. Error bars 

represent the standard deviation of the mean. The p values are relative to the 

negative control (medium + LPS). Aminoguanidine (AG) was included as the 

positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001. 

 

The third collection of extracts (ethanol, ethanol/water (1:1), water) showed less cytotoxicity 

effect on the LPS activated macrophages at the tested concentrations than the second collection 

of extracts (ethanol, ethanol/water (1:1), water). A noticeable difference observed is that the 

less polar acetone extract of the third collection showed statistically significant cytotoxicity at 

200 µg/mLcompared to the second collection acetone extract. This implies that the activity 

observed in ethanol, ethanol/water (1:1) and water extracts from the second collection and 

acetone extract from the third collection were as a result of the death of RAW 264.7 cells. 

Therefore, those extracts at the observed concentrations (100 and 200 µg/mLfor ethanol and 

water extracts from the second collection; 200 µg/mLfor ethanol/water (1:1) extract from the 

second collection and acetone extract from the third collection) were not considered to have 

anti-inflammatory potential.  

 

 

 

Extracts from the 

second collection 

Extracts from the 

third collection 
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3.3.4    UPLC-QTOF-MS analysis of active extracts of S. columbaria roots from second 

and third collections 

 

A comparison of the UPLC-QTOF-MS chemical profiles of acetone extracts from second and 

third collection and ethanol extracts from second and third collections was carried out to 

identify common peaks in the extracts which could be responsible for the observed biological 

activity as these extracts were the most active in both collections (figure 3.9 and 3.10).  

 

 

Figure 3.9: ESI negative mode BPI chromatogram of active acetone extracts of S. columbaria 

roots (second and third collection) showing the probable range that contained the 

bioactive compounds. 
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Figure 3.10: ESI negative mode BPI chromatogram of ethanol extracts of S. columbaria roots 

(second and third collection) showing the probable range that contained the 

bioactive compounds. 

 

The acetone extract from the second collection showed peaks mainly within the 11 to 15-

minute range of the 20-minute chromatogram. This distribution of peaks reveals that the extract 

is composed of non-polar compounds. In comparison, the acetone extract from the third 

collection was constituted of both polar and non-polar compounds as shown by the retention 

times of the peaks distributed in the 1 to 17-minute range. The limited anti-inflammatory 

activity exhibited by the acetone extract from the third collection can be attributed to the active 

compounds in the non-polar region of the extract having been diluted by the polar inactive 

compounds in the extract. This trend was also observed in the ethanol extract of both second 

and third collections. The chemical profiles of the acetone extracts from both collections and 

the ethanol extracts from both collections showed differences in their chemical composition. 

Differences could be attributed to climatic changes such as temperature, soil humidity, rainfall, 

age of the plant as well as different stages of plant metabolism, since plant collections were 

from different locations and seasons (winter for the second collection and autumn for the third 

collection).35 Despite the difference observed in their chemical profiles, acetone and ethanol 

extracts from both collections showed significant inhibitory effects on nitric oxide production. 

This could be due to the presence of common class of compounds that are responsible for the 

anti-inflammatory activity. Analysis of compounds in the region of the chromatograms 

highlighted above using databases (MetFrag, PubChem, Dictionary of natural products) after 

generating the molecular formula through MassLynx revealed the class of compounds as 
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triterpenoids. Triterpenoids have been reported to have ant-inflammatory activity. This gave 

an insight as to what class of compounds would be targeted for isolation. 

 

3.3.5   Tentative identification of compounds from the ethanol extract of S. columbaria 

roots  

 

The ethanol extract of S. columbaria roots displayed good anti-inflammatory activity and was 

selected for identification and isolation of compounds responsible for the activity. The ethanol 

extract was subsequently analysed by UPLC-QTOF-MS for tentative identification of the 

compounds which will give more information on the class of compounds present in the extract 

that could contribute to the anti-inflammatory activity. Figure 3.11 shows the UPLC-QTOF-

MS chemical profiles of the ethanol extract of S. columbaria roots (third collection) operating 

in negative electrospray (ESI) ionization mode.  

 

 

 

Figure 3.11: ESI negative mode BPI chromatogram of the ethanol extract of S. columbaria 

roots (third collection) with the expansion of region 4 to 15 mins.  

 

Ten compounds were tentatively identified from the UPLC-QTOF-MS analysis in ESI negative 

mode using accurate mass data and mass fragmentation patterns as described in Chapter 2 
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(section 2.2.5). Table 3.1 shows accurate mass, formula and MS/MS data for compound 

fragments tentatively identified from the ethanol extract of S. columbaria roots.
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Table 3.1: Compounds tentatively identified from the ethanol extract of S. columbaria roots using data obtained from UPLC-QTOF-MS analysis 

Peak 

No. 

RT 

(min) 

Acquired 

[M-H]- 

m/z 

Formula  Calculated 

[M-H]- 

m/z 

Possible 

compound 

Mass 

error 

(ppm) 

MS/MS Data 

(fragments) 

                                     Reference 

1 4.04 375.1298 C16H24O10 375.1 291 loganic acid 

(Iridoid glycoside) 

1.9 213.0773 [M-H]--C6H11O6 36, 37 

169.0887 [M-H]--C6H11O6-CO2 

151.0756 [M-H]--C6H11O6-CO2-H2O 

2 5.53 535.1801 C26H32O12 535.1816 scrophuloside A1 

(Phenylpropanoid 

glycoside) 

2.8 461.1030 [M-H]--CO2-CH3O 38 

417.1550 [M-H]--CO2-2CH3O-CH3 

373.1275 [M-H]--C6H11O5 

269.0819 [M-H]--C10H9O3-CO2-CH3-2H2O 

254.0572 [M-H]--C10H9O3-CO2-CH3-3H2O 

3 6.63 515.1188 C25H24O12 515.1190  3,4-

dicaffeoylquinic 

acid 

(Quinic acid) 

0.4 353.0386 [M-H]--C16H17O9 39 

191.0549 [M-H]--C16H17O9-C7H11O6 

179.0347 [M-H]--C16H17O9-C9H7O4 

161.0228 [M-H]--C16H17O9-C9H7O4-H2O 

135.0443 [M-H]--C16H17O9-C9H7O4-CO2 

4 7.19 745.2553 C33H46O19 745.2555 Cantleyoside 

(Bis-iridoid 

glycoside) 

0.3 583.2027 [M-H]--C6H11O5 37, 40 

513.1609 [M-H]--C6H11O5-C2H3-C2H3O 

141.0186 [M-H]--2C6H11O5- C2H3-C2H3O -C11H14O4 

5 7.78 583.2029 C27H36O14 583.2027 sylvestroside III 

(Bis-iridoid 

glycoside) 

0.3 495.1464 [M-H]--C2H3O2-CH3O 41 

373.1093 [M-H]--C11H15O4 

193.0500 [M-H]--C11H15O4-C6H11O6 

149.0600 [M-H]--C11H15O4-C6H11O6-C2H3O 

6 8.19 791.2983 C35H52O20 791.2974 triplostoside A 

(Bis-iridoid 

glycoside) 

1.1 629.2430 [M-H]--C6H11O5 37 

495.1506 [M-H]--C6H11O5-C6H14O3 

419.1523 [M-H]--C17H25O9 

345.0598 [M-H]--2C6H11O6-C4H9O2 

287.0165 [M-H]--C18H25O11-C4H9O2 

7 12.65 471.3330 C30H48O4 471.3318 Hederagenin 

(Triterpenoid) 

2.6 457.3371 [M-H]--CH3 42, 43 

427.3568 [M-H]--CO2-H2 

407.3294 [M-H]-- CO2-2H2-H2O 

295.2426 [M-H]--7CH3-CO2H-2H2O 

8 13.01 471.3455 C30H48O4 471.3474 maslinic acid 

(Triterpenoid) 

4.0 453.2974 [M-H]--H2O 44, 45 

423.3198 [M-H]--CH3-2H20 

405.2812 [M-H]--2CH3-2H2O 
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9 14.04 455.3511 C30H48O3 455.3525 2-isoursolic acid 

(Triterpenoid) 

3.1 437.3203 [M-H]--H2O 45, 46 

407.3495 [M-H]--HCHO-H2O 

391.3392 [M-H]--HCHO-H2O-CH4 

377.3038 [M-H]--HCHO-H2O-C2H6 

10 14.27 453.3355 C30H46O3 453.3369 glycyrrhetaldehyde 

(Triterpenoid) 

3.1 407.3324 [M-H]--CHO-H2O 47 

309.1721 [M-H]--CHO-H2O-O-7CH3 

       279.2390 [M-H]--CHO-H2O-O-5CH3  
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The structures of the compounds tentatively identified are shown in figure 3.12.  
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Figure 3.12: Structures of compounds tentatively identified (peaks 1, 6, 7 and 9). 

 

The ten compounds tentatively identified include one iridoid glycoside, one phenylpropanoid 

glycoside, one quinic acid, three bis-iridoid glycosides and four triterpenoids. 

 

The peak at m/z 375.1298 (peak 1), at a retention time 4.04 minutes, had a molecular formula 

C16H23O10
- with a normalized iFit value of 0.001, which corresponded to the [M-H]- ion. The 

fragmentation pattern observed was in agreement with that reported for loganic acid (53) 

previously identified in Scabiosa species.1, 48  

 

The peak at m/z 535.1801 (peak 2), at a retention time 5.53 minutes, had a molecular formula 

C26H31O12
- with a normalized iFit value of 0.001, which corresponded to the [M-H]- ion. The 

fragmentation pattern observed was in agreement with that reported for scrophuloside A1.38  
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In the first order mass spectrum, peak 3 exhibited an [M-H]- ion with m/z 515.1188 at the 

retention time 6.63 minutes. It had a molecular formula of C25H23O12
- with a normalized iFit 

value of 0.000. Analysis of the MS/MS data revealed that the compound was a quinic acid 

which matched 3,4-dicaffeoylquinic acid previously identified in Scabiosa species.39, 49  

 

Peak 4 had an [M-H]- ion with m/z 745.2553 in the ESI MS spectrum at the retention time 7.19 

minutes. It had a molecular formula of C33H45O19
- with a normalized iFit value of 0.000. 

Analysis of the MS/MS data revealed that the compound was a bis iridoid glycoside which 

matched cantleyoside previously identified in Scabiosa species.1, 37  

In the first order mass spectrum, peak 5 exhibited an [M-H]- ion with m/z 583.2029 at the 

retention time 7.78 minutes. It had a molecular formula of C27H35O14
- with a normalized iFit 

value of 0.000. Analysis of the MS/MS data revealed that the compound was a bis iridoid 

glycoside which matched sylvestroside III.41  

 

In the ESI-MS spectrum, peak 6 had an [M-H]- ion observed with m/z 791.2983 at the retention 

time 8.19 minutes. It had a molecular formula of C35H51O20
- with a normalized iFit value of 

0.002. Analysis of the MS/MS data revealed that the compound was a bis iridoid glycoside 

which matched triplostoside A  (54).37  

 

The ESI-MS spectrum of peak 7 showed an [M-H]- ion with m/z 471.3330 at the retention time 

12.65 minutes. It had a molecular formula of C30H47O4
- with a normalized iFit value of 0.003. 

Analysis of the MS/MS data revealed that the compound was a triterpenoid which matched 

hederagenin (55).42, 43  

 

In the ESI-MS spectrum, peak 8 had an [M-H]- ion with m/z 471.3455 at the retention time 

13.01 minutes. It had a molecular formula of C30H47O4
- with a normalized iFit value of 0.061. 

Analysis of the MS/MS data revealed that the compound was a triterpenoid which matched 

maslinic acid.44, 45  

 

In the first order mass spectrum of peak 9, the [M-H]- ion was observed with m/z 455.3511 at 

the retention time 14.04 minutes. It had a molecular formula of C30H47O3
- with normalized iFit 

value of 0.001. Analysis of the MS/MS data revealed that the compound was a triterpenoid 

which matched 2-isoursolic acid (56).45, 46  
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The ESI-MS spectrum of peak 10 showed an [M-H]- ion with m/z 453.3355 at the retention 

time 14.27 minutes. It had a molecular formula of C30H45O3
- with a normalized iFit value of 

0.009. Analysis of the MS/MS data revealed that the compound was a triterpenoid which 

matched glycyrrhetaldehyde.47  

 

3.3.6  Liquid-liquid partitioning of the ethanol extract 

 

The liquid-liquid partitioning of the ethanol extract was carried out to separate the polar 

compounds in the extract from the non-polar compounds to ascertain where the activity of the 

extract is coming from. Liquid-liquid partitioning of the ethanol extract yielded 77% of the 

defatted ethanol fraction and 22% of the hexane fraction. This indicates that the plant is rich in 

polar compounds.  

 

3.3.7    Anti-inflammatory activity of the defatted ethanol and hexane fractions  

 

The inhibitory effects of the defatted ethanol (polar) and hexane (non-polar) fractions on nitric 

oxide production in Raw 264.7 macrophages were evaluated over a concentration range of 25-

200 µg/mLto ascertain where the anti-inflammatory activity of the ethanol extract came from. 

Figure 3.13 shows the biological screening results.  

 

 

Figure 3.13: Nitric oxide production in LPS activated macrophages treated with different 

concentrations of defatted ethanol (A) and hexane (B) fractions. Bar graphs 

represent the value of the experiment at the tested concentration. Error bars 
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represent the standard deviation of the mean. The p values are relative to the 

negative control (0 µg mL-1). Aminoguanidine (AG) was included as the positive 

control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001. 

 

The dose-response effect of the hexane fraction can be seen as statistically significant reduction 

of LPS-stimulated nitric oxide production was observed in Raw 264.7 macrophages at test 

concentrations 50, 100 and 200 µg/mL[P<0.001] relative to the negative control (blank), while 

at 25 µg/mL[P ˂ 0.05] there was not much significant reduction of LPS-stimulated nitric oxide 

production observed in Raw 264.7 macrophages. This showed that the anti-inflammatory 

activity of the hexane fraction was observed at higher test concentrations (50, 100 and 200 µg 

mL-1). The defatted ethanol fraction showed a significant inhibitory effect on nitric oxide 

production at the higher test concentrations (100 and 200 µg/mL[P ˂ 0.01 and P<0.001 

respectively]) relative to the negative control (blank). The lower test concentrations (25 and 50 

µg mL-1) did not show any significant reduction of LPS-stimulated nitric oxide production 

observed in Raw 264.7 macrophages. This suggests that the less polar compounds of the 

ethanol extract are responsible for the activity. The hexane fraction from the ethanol extract of 

S. columbaria root was further fractionated targeting the active compounds.  

 

3.3.8    Effect of defatted ethanol and hexane fractions on cell viability 

 

In order to confirm that the activity of the defatted ethanol and hexane fractions was not due to 

cytotoxicity of the fractions to the Raw 264.7 cells, cell viability test was carried out on the 

defatted ethanol and hexane fractions. Figure 3.14 shows the result. 
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Figure 3.14: Cell viability (%) of LPS activated macrophages after 24 hours of exposure to 

treatments with different concentrations of defatted ethanol (A) and hexane (B) 

fractions Bar graphs represent the value of the experiment at the tested 

concentration. Error bars represent the standard deviation of the mean. The p 

values are relative to the negative control (0 µg mL-1). Aminoguanidine (AG) was 

included as the positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001. 

 

Both fractions, at all test concentrations (25-200 µg mL-1) were not considered toxic to the 

cells, although the percentage of live cells were less in the presence of the hexane faction (at 

200 µg mL-1). Therefore, the activity observed for defatted ethanol and hexane fraction was 

not as a result of its cytotoxicity to the Raw 264.7 cells but due to the active chemical 

compounds present in the fractions. 

 

3.3.9  Comparison of the chemical profiles of the crude ethanol extract and the active 

hexane fraction 

 

In order to determine the efficiency of the liquid-liquid partitioning, a comparison of the UPLC 

MS profiles was done between the ethanol extract of S. columbaria roots and the hexane 

fraction obtained from the fractionation of the ethanol extract. UPLC-QTOF-MS chemical 

profiles of the crude ethanol extract and the hexane fraction are shown in figure 3.15.  
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Figure 3.15: ESI negative mode BPI chromatogram of the ethanol extract and the hexane 

fraction of S. columbaria roots (third collection). 

 

A comparison of their respective chromatograms showed that many compounds in the polar 

region of the ethanol extract were not present in the hexane fraction. Peak 1 observed in the 

non-polar region of the ethanol extract with m/z 293.2332 (at the retention time 12.67 minutes) 

was present in the hexane extract with m/z 293.2387 (at the retention time 12.62 minutes). The 

compound corresponding to this peak was tentatively identified as hederagenin as described in 

section 3.3.5. Peak 2 observed in the ethanol extract with m/z 311.1869 (at the retention time 

14.41 minutes) was present in the hexane extract with m/z 311.1917 (at the retention time 14.47 

minutes). The compound corresponding to this peak was tentatively identified as 2-isoursolic 

acid as described in section 3.3.5. These two compounds could be responsible for the anti-

inflammatory activity, however, they need to be isolated and tested to confirm that they are the 

biologically active compounds. The UPLC MS profiles showed the successful separation of 

the non-polar compounds from the polar compounds with two non-polar compounds 

tentatively identified as hederagenin and 2-isoursolic acid and possibly contributing to the 

activity. These were targeted during the purification of the hexane fraction purification. 

 

3.3.10   Isolation of compounds from the defatted ethanol fraction 

 

Compounds were isolated from the defatted ethanol fraction to confirm the structures of 

compounds tentatively identified by UPLC-QTOF-MS of the ethanol extract and to purify 
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other compounds that could possibly contribute to the anti-inflammatory activity of the defatted 

ethanol fraction as it showed moderate anti-inflammatory activity (figure 3.13). Silica gel 

column chromatography of the defatted ethanol fraction (10g) using a single solvent system 

(73:24:3 ethyl acetate/methanol/water) resulted in the collection of 16 fractions (F1-F16). 

Fraction 11 which represent most of the compounds in the fractions was chosen for further 

isolation of compounds using preparative HPLC-QDA. Fraction 11 was subjected to 

purification using preparative HPLC-QDA. The separation resulted in six subfractions F11SF1 

to F11SF6 (figure 3.16) which were targeted for isolation.  

 

 

Figure 3.16: LC-UVmax-QDA chromatogram of Fraction 11 from HPLC-QDA. 

 

The subfractions were analyzed by NMR spectroscopy. They were all mainly mixtures of 

compounds except the first subfraction (labelled as F11SF1) which was pure (compound (62) 

with sufficient quantity (12 mg). Insufficient quantities were obtained for other subfractions 

F11SF2 (5 mg), F11SF3 (4 mg), F11SF4 (6 mg) and F11SF6 (4 mg), therefore could not purify 

further. F11SF5 was collected in sufficient quantity (46 mg). It was subjected to purification 

using preparative HPLC-QDA. The two sub subfractions labelled F11SF5SSF1 and F11SF5SSF2 

(figure 3.5) were collected in fraction collector tubes. F11SF5SSF2 was collected in small 

quantity (0.4 mg) while F11SF5SSF1 the major peak was collected in pure form and sufficient 

quantity for further analysis (15mg) compound (63). Two compounds (compounds 62 and 63) 

were successfully purified from the defatted ethanol extract. These compounds will be tested 

for their anti-inflammatory potential. 

 

3.3.11 Fractionation of the hexane fraction and biological screening of fractions 

 

The hexane fraction (7g) was subjected to column chromatography using silica gel as the 

stationary phase to target and isolate the active compounds present in it. Seventy fractions were 

collected and monitored by thin-layer chromatography (TLC). Similar fractions were 

combined to give ten fractions as described above (section 3.2.2.4 and figure 3.6). These 

fractions were evaluated for their inhibition of nitric oxide production together with the crude 

ethanol extract. The hexane fraction was not evaluated for its anti-inflammatory potential 

alongside the fractions obtained from it as a result of insufficient quantity that remained after 

its silica gel column chromatography.  
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Figure 3.17 shows the anti-inflammatory potential of the crude ethanol extract and the fractions 

obtained from the hexane fraction against LPS stimulated nitric oxide production in Raw 264.7 

macrophages.  

 

 

Figure 3.17: Nitric oxide production in LPS activated macrophages treated with different 

concentrations of fractions. Bar graphs represent triplicate values of one 

experiment. Error bars represent the standard deviation of the mean. The p values 

are relative to the negative control (medium + LPS). Aminoguanidine (AG) was 

included as the positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001.  

 

The activity of the ethanol extract was again observed as in the initial study (significantly 

reduced LPS-stimulated nitric oxide production in Raw 264.7 macrophage relative to the 

negative control (medium +LPS)). Nine out of the ten fractions (fractions 2 to 10) showed anti-

inflammatory activity in the nitric oxide production assay at different concentrations. Five 

fractions (fractions 4 to 8) exhibited significant inhibition on nitric oxide production in Raw 

264.7 macrophages at 25 and 50 µg/mLrelative to the negative control (medium + LPS) which 

are lower test concentrations and therefore show good activity; fractions 4, 6, 7 and 8 (25 

µg/mL[P<0.05]); fraction 5 (25 µg/mL[P<0.01]); fractions 4, 5, 7 and 8 (50 µg/mL[P<0.001]); 

fraction 6 (50 µg mL-1[P<0.01]).  Additionally, fraction 10 showed significant inhibition of 

nitric oxide production at one test concentration (50 µg/mL[P<0.05]) while fractions 1, 2, 3 
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and 9 showed no or minimal activity especially at high test concentrations (100 and 200 µg 

mL-1)  This indicates that the fractionation concentrated most of the active compounds in 

fractions 4 to 8 and these are the moderately polar region (eluted with 60% hexane and 40% 

ethyl acetate). Overall, the fractions were less effective than the positive control 

(aminoguanidine). To confirm that the activity of the fractions was as a result of the active 

compounds present in the fractions, cell viability test was carried out on the fractions. 

 

3.3.12  Effect of the fractions on cell viability 

 

Figure 3.18 shows the effect of fractions from the active hexane fraction on Raw 264.7 cell 

viability to ascertain if the fractions were cytotoxic to the cells. 

 

 

Figure 3.18: Cell viability (%) of LPS activated macrophages after 24 hours of exposure to 

fractions. Bar graphs represent triplicate value of one experiment. Error bars 

represent the standard deviation of the mean. P value: *p < 0.05, **p < 0.01, ***p 

< 0.001. 

 

Fractions 3, 6, 9 and 10 were considered not toxic to the cells. This showed that the anti-

inflammatory activity observed in these fractions (fractions 3, 6, 9 and 10) were as a result of 

presence of active compounds in the fractions. Other fractions showed an effect on cell 

viability. This was specifically observed for fractions 4, 5, 7 and 8 at the higher test 
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concentration of 200 µg mL-1. Although, these fractions showed an effect on cell viability, the 

observed cytotoxicity could be as a result of inactive compounds present in these fractions. As 

a result of this, these fractions were still targeted for isolation of active compounds. Fraction 2 

showed a greater cytotoxic effect at 50 µg/mL[P<0.01] than at other test concentrations (25 

and 100 µg/mL[P<0.01]) and it also showed significant inhibition of nitric oxide production  at 

this test concentration (50 µg/mL[P<0.01]). This indicated that the observed activity in this test 

concentration (50 µg/mL) was as a result of cytotoxicity of the fraction (fraction 2) on the Raw 

264.7 cells. As a result of this, fraction 2 was not considered for isolation of active compounds. 

As mentioned in section 3.3.11, fractions 4 to 8 exhibited good anti-inflammatory activity even 

though they were less effective than the positive control (aminoguanidine). Fractions 6 and 8 

were selected for chemical analysis and isolation of active compounds as the fractions 

(fractions 6 and 8) had the best anti-inflammatory activity and less complex chemical profiles 

compared to the other active fractions (fractions 4, 5 and 7) 

 

3.3.13  UPLC-QTOF-MS analysis and tentative identification of bioactive compounds 

from active fraction 6  

 

The active fraction 6 showed the best anti-inflammatory activity and therefore was analyzed 

using UPLC-QTOF-MS to get an indication of its chemical profile in assisting the targeted 

purification of the active compounds. Figure 3.19 shows this profile.  
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Figure 3.19: ESI negative mode BPI chromatogram of active fraction 6 from the hexane 

fraction of the ethanol extract (third collection). 

 

The online databases (MetFrag, PubChem, Metlin and Dictionary of Natural Products) were 

used to tentatively identify the compounds in the active fraction 6 from the hexane fraction of 

the ethanol extract (figure 3.19). Triterpenoids was the class of compound identified in this 

active fraction and a total of five compounds were tentatively identified as pomaceic acid, 

euscaphic acid, hederagenin, 2-isoursolic acid and glycyrrhetaldehyde. Table 3.2 shows 

accurate mass, formula and MS/MS data for compound fragments tentatively identified from 

the active fraction 6 from the hexane fraction of the ethanol extract (third collection). 
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Table 3.2: Compounds tentatively identified from fraction 6 of the hexane fraction using data obtained from UPLC-QTOF-MS analysis 

Peak 

No. 

RT 

(min) 

Acquired 

[M-H]- 

m/z 

Formula  Calculated [M-

H]- 

m/z 

Possible structure Mass error 

(ppm) 

MS/MS Data (fragments) ReReference 

1 8.55 501.3203 C30H46O6 501.3194 pomaceic acid 

(Triterpenoid) 

 

1.8 483.3008 [M-H]—H2O 45 

457.3300 [M-H]—CO2 

439.3207 [M-H]—CO2-H2O 

407.3305 [M-H]—C2H2O4 

2 10.60 487.3423 C30H48O5 487.3423 euscaphic acid 

(Triterpenoid) 

 

0.0 469.2981 [M-H]—H2O 45, 50 

453.3150 [M-H]—H2O-O 

425.3053 [M-H]—H2O-CO2 

407.3294 [M-H]—2H2O-CO2 

3 11.11 471.3372 C30H48O4 471.3318 Hederagenin 

(Triterpenoid) 

 

2.5 457.3438 [M-H]—CH3 42, 43 

427.3481 [M-H]—CO2-H2 

407.3294 [M-H]—CO2-2H2-H2O 

295.2249 [M-H]—7CH3-CO2H-2H2O 

4 12.19 455.3526 C30H48O3 455.3525 2-isoursolic acid 

(Triterpenoid) 

 

0.2 437.3005 

407.3319 

391.3059 

377.3378 

[M-H]—H2O 

[M-H]—HCHO-H2O 

[M-H]—HCHO-H2O-CH4 

[M-H]—HCHO-H2O-C2H6 

 

 

45, 46 

5 12.73 453.3369 C30H46O3 453.3369 glycyrrhetaldehyde 

(Triterpenoid) 

 

0.0 407.3309 

309.3204 

279.2296 

[M-H]—CHO-H2O 

[M-H]—CHO-H2O-O-7CH3 

[M-H]—CHO-H2O-O-5CH3 

47 
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The structures of the compounds tentatively identified (peaks 1-5) are shown in figure 3.20.  

 

HO

HO

HO

OH

O

O

Pomaceic acid (57)  

 

Euscaphic acid (58)

OH

OH

OHO

HO
H HH

 

 

HO

OH

OH

O

Hederagenin (59)

H

H

 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



132 
 

OH

O

2-isoursolic acid (60)

HO

H

H

H

 

 

Glycyyrhetaldehyde (61)

HO

O

O

H

H

H

 
Figure 3.20: Structures of chemical markers tentatively identified. 

 

The peak at m/z 501.3203 (Peak 1), at a retention time 8.55 minutes, had a molecular formular 

C30H45O6
- with a normalized iFit value of 0.000, which corresponded to the [M-H]- ion. The 

fragmentation pattern observed was in agreement with that reported for pomaceic acid (57).45 

The peak at m/z 487.3423 (Peak 2), at a retention time 10.60 minutes, had a molecular formular 

C30H47O5
- [M-H]- with a normalized iFit value of 0.000. Analysis of the MS/MS data revealed 

that the compound was a triterpenoid which matched euscaphic acid (58).50 The compound 

euscaphic acid is likely to contribute to the anti-inflammatory activity of the active fractions 

(fractions 4-8) from the hexane fraction of the ethanol extract based on its reported anti-

inflammatory activity.51 The compound corresponding to peak 3 was tentatively identified as 

hederagenin as described in section 3.3.5. Hederagenin is likely to be one of the compounds 

contributing to the anti-inflammatory activity of the active fractions (fractions 4-8) from the 
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hexane fraction of the ethanol extract based on its reported anti-inflammatory activity.52 The 

compounds corresponding to peaks 4 and 5 were tentatively identified as 2-isoursolic acid and 

glycyrrhetaldehyde respectively as described in section 3.3.5. 2-isoursolic acid was common 

in both the ethanol extract and active hexane fraction suggesting that it might possibly be 

contributing to the anti-inflammatory activity observed in the active fractions (fractions 4-8). 

Analysis of the UPLC-MS profile of the active fraction 6 tentatively showed that triterpenoid 

was the likely class of compound contributing to the anti-inflammatory activity and it also 

suggested the compounds (euscaphic acid, hederagenin and 2-isoursolic acid) that could be 

contributing to the observed activity. This class of compounds were targeted during the 

purification of the active fractions (fractions 6 and 8) from the hexane fraction. 

 

3.3.14   Isolation of compounds from the hexane fractions 

 

Fractions 6 and 8 from the silica gel column chromatography of the hexane fraction showed 

good activity and less complexity of their chemical profiles and were therefore subjected to 

chromatographic techniques to isolate compounds. Fraction 6 (50 mg) (white solid) from the 

silica gel column chromatography of the hexane fraction was subjected to purification using 

silica gel preparative thin layer chromatography (PTLC) and 80:15:5 

hexane/dichloromethane/methanol as the mobile phase (isocratic). The detail of the 

purification is given in section 3.2.2.5 above. The purification resulted to a pure compound 

(64).  

 

Fraction 6 (10 mg) (white solid) from the silica gel column chromatography of the hexane 

fraction was subjected to purification by washing the solid. The detail of the purification was 

given in section 3.2.2.6 above. The purification resulted in a pure compound (65).  

 

Fraction 8 (100 mg) was subjected to purification using hyphenated liquid chromatography-

mass spectrometry-solid phase extraction-nuclear magnetic resonance (LC-MS-SPE-NMR). A 

total of six subfractions were collected. The subfractions labelled F8SF1-F8SF6 shown in figure 

3.21 were trapped in SPE cartridges through multiple trapping.  
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Figure 3.21: LC-UVmax plot chromatogram of Fraction 8 from LC-MS-SPE-NMR. 

 

Subfractions F8SF4 and F8SF5 were collected in pure forms (compounds (66) and (67)) in 

sufficient quantities of 0.9 mg and 1.5 mg, respectively while the quantity of other subfractions 

(F8SF1 (0.2 mg), F8SF2 (0.3 mg), F8SF3 (0.2 mg) and F8SF6 (0.4 mg)) were insufficient to be 

analyzed on NMR.  

 

3.3.15   Structure elucidation of compounds isolated from S. columbaria 

3.3.15.1 Loganic acid (62) 

 

Compound 62 was isolated as a brown solid and was identified as loganic acid by the 

interpretation of NMR spectroscopy, mass data and comparison to literature.53 The molecular 

formula of the compound is C16H25O10 as deduced from its monoprotonated molecular ion at 

m/z 377.1490 [M+H]+ (calculated for C16H25O10, m/z 377.1448, M+H) based on the QTOF 

mass spectrum with five degrees of unsaturation. The 13C NMR spectrum had a total of sixteen 

carbon signals which were assigned as eleven methines (five glucopyranosyl methines at δC 

99.5, 75.15, 77.97, 74.71, 78.32), two methylene carbons (one oxygenated at δC 62.71), one 

methyl and two quaternary carbons (one carboxylic acid at δC 162.67) as deduced from its 

DEPT 135 spectrum. The methine signal at δC 97.51 was assigned to C-1, δC 114.56 was 

assigned to C-4 olefinic carbon, δC 162.67 was assigned to C-11 carboxylic acid group, two 

prominent signals at δC 13.45 assigned to C-10 and δC 71.55 assigned to C-7 indicated the 
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position of methyl carbon and carbon attached to a hydroxyl group respectively. The 1H NMR 

spectrum showed the presence of one methyl resonating at δH 0.95 (3H, d, J = 6.96 Hz, H-10), 

two methylene at δH 2.09 (2H, dd, J = 8.17, 13.82 Hz, H-6) and 3.75 ({2H, d, J = 11.99 Hz, H-

6a'}, 3.51 {2H, dd, J = 5.43, 11.83 Hz, H-6b'}), four methines at δH 2.95 (1H, q, J = 7.72 Hz, 

H-5), 3.22 (1H, m, H-7), 1.73 (1H, m, H-8) and 1.88 (1H, ddd, J = 9.18, 8.94, 4.64 Hz, H-9) 

and an α, β-unsaturated acetal groups at δH 5.29 (1H, d, J = 4.38 Hz, H-1), 7.39 (1H, s, H-3) 

together with a β-D-glucopyranosyl anomeric proton at δH 4.68 (1H, d, J = 7.92 Hz, H-1'). All 

these assignments confirmed the presence of an iridoid skeleton. One anomeric carbon at δC 

99.95 was assigned to C-1'. The HMBC correlation between the proton at δH 7.39 (H-3) with 

δC 162.67 (C-11) confirmed the position of the carboxylic acid. HMBC correlation also 

established the point of attachment of the glucopyranosyl moiety to the aglycone based on the 

correlation between δH 5.29 (H-1) to δC 99.95 (C-1'). The carbon at δC 75.15 (C-2') correlating 

with δH 4.68 (H-1') and 3.05 (H-3'); carbon at δC 78.32 (C-5') correlating with δH 3.15 (H-4') 

and 3.75 (H-6') confirmed the presence of a sugar moiety.  

 

There was a COSY correlation between the proton at δH 2.95 (H-5) and the proton at δH 1.88 

(H-9) while another correlation was observed between the proton at δH 1.73 (H-8) and another 

proton at δH 0.95 (H-10) indicating that position 5 was adjacent to 9 while 8 was adjacent to 

10. The anomeric proton at δH 4.68 (H-1') showed a COSY correlation with the proton at δH 

3.90 (H-2'). The proton at δH 3.75 (H-6') also showed a COSY correlation with the proton at 

δH 3.31 (H-5') indicating that position H-1' was adjacent to H-2' while H-5' was adjacent to H-

6'. The structure of compound 62 is shown in figure 3.22, and the selected HMBC and COSY 

correlations are shown in figure 3.23.  
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Figure 3.22: Chemical structure of loganic acid (62). 
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Figure 3.23: Selected HMBC and COSY correlations of loganic acid (62). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

loganic acid (62) (table 3.3). 

 

Table 3.3: 1H (500 MHz), 13C (125 MHz), HMBC and COSY NMR data of Compound (62) 

compared to the literature 1H and 13C NMR data of loganic acid 

Position Isolated loganic acid 

(CD3OD) 

Published NMR for loganic 

acid ((DMSO-d6) 

 

 (1H, 500 MHz 13C, 125 

MHz) 53 

Isolated 

loganic acid 

(CD3OD) 

Isolated 

loganic acid 

(CD3OD) 

 

 

COSY correlation 

HMBC correlation 
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  δC δH (m, J in 

Hz, no of 

hydrogens) 

δC δH (m, J in 

Hz, no of 

hydrogens) 

HMBC 

correlation 

COSY 

correlation 

1 97.51, 

[CH] 

5.29, d, J = 

4.38 Hz, 1H 

96.48, [CH] 5.09, d, J = 

4.90 Hz, 1H 

C3, C5, C6, 

C8, C11, C1' 

H9 

2       

3 151.76, 

[CH] 

7.39, s, 1H 150.55, 

[CH] 

7.29, s, 1H C1, C4, C5, 

C11 

H5 

4 114.56, 

[C] 

 113.05, [C]    

5 32.20, 

[CH] 

2.95, q, J = 

7.72 Hz, 1H 

31.34, [CH] 2.92, q, J = 7.9 

Hz, 1H 

C1, C3, C4, 

C6, C7, C8, 

C9, C1' 

H6, H9 

6 42.66, 

[CH2] 

2.09, dd, J = 

8.17, 13.82 

Hz, 2H 

42.21, [CH2] 2.07, dd, J = 

13.2, 7.9 Hz, 

2H 

C4, C5, C10 H7, H5 

7 71.55, 

[CH] 

3.22, m, 1H 72.64 [CH] 3.15, dd, J = 

9.00 Hz, 8.60 

Hz, 1H 

C1, C5, C7, 

C9 

H8, H6 

8 42.12, 

[CH] 

1.73, m, 1H 40.97, [CH] 1.71, m, 1H C4, C10, C1' H10 

9 46.49, 

[CH] 

1.88, ddd, J 

= 9.18, 

8.94, 4.68 

Hz, 1H 

45.20, [CH] 1.81, ddd, J = 

8.60, 7.90, 

4.90 Hz, 1H 

C4, C5, C7, 

C10 

H1, H5 

10 13.45, 

[CH3] 

0.95, d, J = 

6.96 Hz, 3H 

14.01, [CH3] 0.98, d, J = 

6.80 Hz, 3H 

 H9, H8 

11 162.67, 

[C] 

 168.56, [C]    

1' 99.95, 

[CH] 

4.68, d, J = 

7.92 Hz, 1H 

98.97, [CH] 4.48, d, J = 

7.90 Hz, 1H 

C2', C3', C4’, 

C5' 

H2' 

2' 75.15, 

[CH] 

3.90, t, J = 

4.60 Hz, 1H 

73.61, [CH] 3.88, t, J = 

4.70 Hz, 1H 

C1, C9 , C2’, 

C3’, C4', C5', 

C6' 

 

3' 77.97, 

[CH] 

3.05, t, J = 

8.12 Hz, 1H 

77.22, [CH] 2.97, t, J = 

8.60 Hz, 1H 

C1, C1’, C2’, 

C3’, C4', C5', 

C6' 

 

4' 74.71, 

[CH] 

3.15, m, 1H 70.54, [CH] 3.05, dd, J = 

9.40, 9.00Hz, 

1H 

C1’, C2’, C3’, 

C4', C5', C6' 

 

5' 78.32, 

[CH] 

3.31, m, 1H 77.66, [CH] 3.14, m, 1H C1, C6'  

6' 62.71, 

[CH2] 

3.75, d, J = 

11.99 Hz, 

1H 

3.51, dd, J = 

5.43, 11.83 

Hz, 1H 

61.60, [CH2] 3.66, d, J = 

11.70 Hz, 1H 

3.44, dd, J = 

11.70 Hz, 6.40 

Hz, 1H 

C1, C3, C1’, 

C2’, C3’, C4', 

C5' 

H5' 

 

Loganic acid, a  conjugate acid of loganate was previously isolated from the flowering plants 

of S. hymettia 58, S. atropurpurea 59 and whole plant of S. variifolia 60. This is the first report 

on its isolation from S. columbaria.  
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3.3.15.2 Cantleyoside-dimethyl-acetal (63) 

 

 Compound 63 was isolated as a brown solid and was identified as cantleyoside-dimethyl-acetal 

by the interpretation of the NMR spectroscopy, mass data and comparison to literature data.61 

The molecular formula of the compound is C35H53O20 as deduced from its monoprotonated 

molecular ion at m/z 793.3092 [M+H]+ (calculated for C33H53O20, m/z 793.3130, M+H) based 

on the QTOF mass spectrum with ten degrees of unsaturation. The 13C-NMR spectrum showed 

the presence of thirty-five carbon signals which were assigned as twenty-two methines (ten 

glucopyranosyl methines at δC 100.13, 74.69, 78.36, 71.56, 78.36, 100.04, 74.59, 77.96, 71.50, 

78.36), five methylenes (two oxygenated appearing at one chemical shift δC 62.73 and 62.73, 

one olefinic at δC 119.73), four methyls and four quaternary carbons (two carboxylic appearing 

at one chemical shift δC 169.36)  as deduced from its DEPT 135 spectrum. The 1H NMR 

spectrum showed the presence of two anomeric protons at δH 4.71 (1H, d, J = 7.8 Hz, H-1'') 

and 4.70 (1H, d, J = 7.8 Hz, H-1'''). Additionally, the 1H NMR spectrum showed signals for 

two olefinic protons at δH 7.45 (2H, s, H-3, H-3'), two acetal proton resonances at δH 5.22 (1H, 

m, H-1) and 5.54 (1H, d, J = 5.2 Hz, H-1'), a doublet for a secondary methyl group at δH 1.10 

(3H, d, J = 5.6 Hz, H-10), resonances for a terminal vinyl group at δH 5.33 (2H, m, H-10') and 

δH 2.90 (1H, m, H-9') and signals corresponding to one carbomethoxy group at δH 3.71 (3H, s, 

CH3O-11) and two carbomethoxy groups at δH 3.31 (6H, m, CH3O-7') indicating the presence 

of an iridoid glucoside unit and a seco-iridoid glucoside unit in the molecule. The spectroscopic 

features were similar to those of cantleyoside-methyl-hemiacetal except for the replacement of 

one carbomethoxy group with a hydroxyl group in the 1H NMR spectrum.62 The chemical shifts 

of all the individual protons of the two sugar units were ascertained from the 1H NMR data and 

the 13C NMR chemical shifts of their attached carbons were assigned unambiguously from the 

HSQC spectrum. These data demonstrated the presence of two terminal β-glucopyranosyl 

units. In the HMBC spectrum, the proton signals at δH 7.45 (H-3), 3.71 (11-O-CH3) and 3.15 

(H-5) showed long-range correlation with the carbon resonance at δC 169.36 (C-11), while the 

carbon signals at δC 47.02 (C-6'), 53.59 (CH3O-7') and 52.66 (CH3O-7') displayed long-range 

correlation with proton resonances at δH 5.77 (H-8') indicating the location of a methoxy group 

at C-11 and two methoxy groups at C-7' respectively. This evidence suggested that compound 

63 was made up of a loganin unit and a secologanoside unit. The site of linkage among the two 

units was confirmed by the HMBC experiment which showed correlations between the proton 

signals at δH 7.45 (H-3'), 5.32 (H-7) and 3.00 (H-5') and the carbon chemical shift at δC 169.36 

(C-11'). These data indicated that the C-11' carboxylic acid group of the secologanoside moiety 
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was linked to the C-7 hydroxyl group of loganin component. Thus, compound 63 differs from 

cantleyoside-methyl-hemiacetal reported in Pterocephalus pinardii by the replacement of a 

methoxy group with an OH group at C-7' position. HMBC correlation also established the point 

of attachment of the two glucopyranosyl moiety to the aglycones based on the correlations 

between δH 4.70 (H-1''') to δC 97.75 (C-1) and δH 4.71 (H-1'') to δC 97.45 (C-1'). There was a 

COSY correlation between the proton at δH 2.15 (H-8) and the proton at δH 1.10 (H-10) 

indicating that position 8 was adjacent to 10.62 The structure of compound 63 is shown in figure 

3.24, and the selected HMBC and COSY correlations are shown in figure 3.25. 
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 Figure 3.24: Chemical structure of cantleyoside-dimethyl-acetal (63). 
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 Figure 3.25: Selected HMBC and COSY correlations of cantleyoside-dimethyl-acetal (63). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

cantleyoside-dimethyl-acetal (63) (table 3.4). 

 

Table 3.4: 1H (500 MHz), 13C (125 MHz), HMBC and COSY NMR data of Compound (63) 

compared to the literature 1H and 13C NMR data of cantleyoside-dimethyl-acetal 

Position Isolated 

cantleyoside-

dimethyl-acetal 

(CD3OD) 

Published NMR for 

cantleyoside-

dimethyl acetal 

((CD3OD) 

 (1H, 500 MHz 13C, 

125 MHz) 61 

Isolated 

cantleyoside-

dimethyl acetal 

(CD3OD) 

Isolated 

cantleyoside-

dimethyl acetal 

(CD3OD) 

 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC
 δH (m, J in 

Hz, no of 

hydrogens) 

HMBC correlation COSY 

correlation 

1 97.75 

[CH] 

5.22, m, 1H 98.3 

[CH] 

5.28, m, 1H   

2       

3 153.2

4 

[CH] 

7.45, s, 1H 154.2 

[CH] 

7.44, s, 1H C1, C4, C5, C11, C1'  

4 113.2

5 [C] 

 114.2 

[C] 

   

5 33.19 

[CH] 

3.15, m, 1H 33.4 

[CH] 

3.15, m, 1H C3, C4, C9, C11 H6 

COSY correlation 

HMBC correlation 
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6 40.28 

[CH2] 

2.33, m, 1H 

1.77, m, 1H 

41.2 

[CH2] 

2.32, m, 1H 

1.78, m, 1H 

C4, C5, C7, C8, C9, 

C4' 

H6a-H6b 

7 78.36 

[CH] 

5.32, t, J = 

3.2 Hz, 1H 

79.3 

[CH] 

5.22, t, J = 

3.7 Hz, 1H 

C1, C3, C5, C9, C11' H8, H6 

8 40.99 

[CH] 

2.15, m, 1H 41.9 

[CH] 

2.05-2.15, 

m, 1H 

C1, C4, C5, C6, C9, 

C10 

H10 

9 47.02 

[CH] 

3.33, m, 1H 47.9 

[CH] 

2.05-2.15, 

m, 1H 

  

10 13.86 

[CH3] 

1.10, d, J = 

5.6 Hz, 3H 

14.7 

[CH3] 

1.09, d, J = 

6.2 Hz, 3H 

C6, C7, C8,   

11 169.3

6 [C] 

 170.3 

[C] 

   

CH3O-11 51.76 

[CH3] 

3.71, s, 3H 52.6 

[CH3] 

3.72, s, 3H C11  

1' 97.45 

[CH] 

5.54, d, J = 

5.2 Hz, 1H 

98.7 

[CH] 

5.53, d, J = 

5.4 Hz, 1H 

C3', C5', C1''  

2'       

3' 152.5

6 

[CH] 

7.45, s, 1H 153.4 

[CH] 

7.46, s, 1H C4', C5', C11' H5' 

4' 111.9

6 [C] 

 112.9 

[C] 

   

5' 29.46 

[CH] 

3.00, m, 1H 30.4 

[CH] 

2.93, m, 1H C1', C4', C9', C11'  

6' 31.8 

[CH2] 

2.10, m, 1H 

1.68, m, 1H 

34.1 

[CH2] 

2.05, m, 1H 

1.65, m, 1H 

  

7'  

47.02 

[CH] 

3.33, m, 1H 46.3 

[CH] 

2.70, m, 1H   

CH3O-7' 53.59 

[CH3] 

3.31, m, 3H 54.5 

[CH3] 

3.18-3.40, 

m, 3H 

  

CH3O-7' 52.66 

[CH3] 

3.31, m, 3H 53.6 

[CH3] 

3.18-3.40, 

m, 3H 

  

8' 135.7

8 

[CH] 

5.77, m, 1H 136.7 

[CH] 

5.76, m, 1H C6', CH3O-7'  

9' 47.3 

[CH] 

2.90, m, 1H 46.3 2.70, m, 1H C1'  

10' 119.7

3 

[CH2] 

5.33, m, 2H 120.7 

[CH2] 

5.28, m, 2H C1', C3', C5', C6', C9'  

11' 169.3

6 [C] 

 169.2 

[C] 

   

1'' 100.1

3 

[CH] 

4.71, d, J = 

7.8 Hz, 1H 

101.1 

[CH] 

4.71, d, J = 

7.8 Hz, 1H 

C1', C2'', C3'', C4'', 

C5'' 

H2'' 

2'' 74.69 

[CH] 

3.33, 3.39, 

m, 1H 

75.5 

[CH] 

3.18-3.40, 

m, 1H 

C1'', C3'', C4'', C5'', 

C6'' 

 

3'' 78.36 

[CH] 

3.33, 3.39, 

m, 1H 

78.9 

[CH] 

3.18-3.40, 

m, 1H 

C1'', C2'', C4'', C5'', 

C6'' 

 

4'' 71.56 

[CH] 

3.23, m, 1H 72.5 

[CH] 

3.18-3.40, 

m, 1H 

C1'', C2'', C3'', C5''  

5'' 78.36 

[CH] 

3.33, 3.39, 

m, 1H 

79.3 

[CH] 

3.18-3.40, 

m, 1H 

C1'', C2'', C3'', C4'', 

C6'' 

 

6'' 62.73 

[CH2] 

3.69, m, 1H 

3.92, d, J = 

11.48 Hz, 

1H 

63.6 

[CH2] 

3.65, m, 1H 

3.90, d, J = 

11.6 Hz, 1H 

C3'', C4'', C5'' H5'', H6a''-H6b'' 
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1''' 100.0

4 

[CH] 

4.70, d, J = 

7.8 Hz, 1H 

101.1 

[CH] 

4.70, d, J = 

7.9 Hz, 1H 

C1, C2''', C3''', C4''', 

C5''' 

 

2''' 74.59 

[CH] 

3.39, 3.33, 

m, 1H 

75.5 

[CH] 

3.18-3.40, 

m, 1H 

C1''', C3''', C4''', 

C5’’’, C6''' 

 

3''' 77.96 

[CH] 

3.39, 3.33, 

m, 1H 

78.9 

[CH] 

3.18-3.40, 

m, 1H 

C1''', C2''', C4''', 

C5’’’, C6''' 

 

4''' 71.50 

[CH] 

3.23, m, 1H 72.5 

[CH] 

3.18-3.40, 

m, 1H 

C1''', C2''', C3''', C5'''  

5''' 78.36 

[CH] 

3.39, 3.33, 

m, 1H 

79.3 

[CH] 

3.18-3.40, 

m, 1H 

C1''', C2''', C3''', C4''', 

C6''' 

 

6''' 62.73 

[CH2] 

3.69, m, 1H 

3.92, d, J = 

11.48 Hz, 

1H 

63.6 

[CH2] 

3.65, m, 1H 

3.90, d, J = 

11.6 Hz, 1H 

C3''', C4''', C5''' H6a'''-H6b''' 

 

Cantleyoside-dimethyl-acetal was previously isolated from the aerial part of Scaevola montana 

from the tropical Goodinaceae family and was subsequently found to be present in the aerial 

part of Pterocephalus perennis 61, however, this is the first report on its isolation from S. 

columbaria.  

                                        

3.3.15.3 Ursolic acid (64) 

 

Compound 64 was isolated as a white crystalline solid and was identified as ursolic acid by the 

interpretation of NMR spectroscopy, mass data and comparison to literature.63 The molecular 

formula of the compound is C30H47O3 as deduced from its monoprotonated molecular ion at 

m/z 455.3546 [M+H]+ (calculated for C30H47O3, m/z 455.3525, M+H) based on the QTOF mass 

spectrum with seven degrees of unsaturation. 13C NMR spectrum had a total of thirty signals 

and the assignments were done together with DEPT 135 spectra. It consisted of seven methines 

(one oxygenated at δC 79.18), nine methylenes, seven methyls and seven quaternary carbons 

(one carboxylic at δC 180.28). Three signals at δC 180.28 (C-28), 138.09 (C-13) and 126.04 (C-

12) were identified for carboxylic and olefinic function moieties based on their chemical shifts. 

One signal at δC 79.18 (C-3) indicated the presence of carbinol carbon based on its downfield 

chemical shift. Apart from one carboxylic and one olefinic group, the other elements of 

unsaturation were attributed to five rings suggesting a pentacyclic triterpenoid. The 1H NMR 

spectrum revealed the presence of seven methyl groups at δH 0.80-0.95 (3H, s, H-24), 0.80-

0.95 (3H, s, H-25), 0.82-0.89 (3H, s, H-26), 0.82-0.89 (3H, d, J = 6.30 Hz, H-29), 0.97 (3H, d, 

J = 12.04 Hz, H-30), 1.11 (3H, s, H-27), 1.01 (3H, s, H-23), an olefinic methine group at δH 

5.28 (1H, t, H-12), and oxygenated methine group at δH 3.24 (1H, dd, J = 11.19, 4.80 Hz, H-

3). In addition, one proton resonance at δH 2.20-2.22 (1H, d, J = 11.78 Hz, H-18) from one 
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methine group was seen. Several protons for methylene and methine groups overlap in the 

range between 0.76 and 1.95. The ursane-12- skeleton of compound 64 was established by the 

characteristic 1H NMR signals of the two doublet methyl protons for 29-H and 30-H at 0.82-

0.89 (3H, d, J = 6.30 Hz) and 0.97 (3H, d, J = 12.04 Hz), the 12-H vinyl proton at 5.28 (t), and 

the doublet methine proton (for 18-H) at 2.20-2.22 (1H, d, J = 11.78 Hz). In the HMBC 

spectrum, the methyl hydrogens at δH 0.80-0.95 (H-25) showed correlations with the methylene 

carbon at δC 38.76 (C-1), methine carbons at δC 79.18 (C-3),55.45 (C-5) and 47.69 (C-9), 

methyl carbons at δC 28.29 (C-23) and 15.63 (C-24) and quaternary carbons at δC 39.63 (C-8) 

and 39.22 (C-10), thus structural unit (a) was proposed. The HMBC correlations were also 

observed between the methyl hydrogens at δH 1.01 (H-23) and 0.80-0.95 (H-24) with the 

methine carbons at δC 79.18 (C-3), 55.45 (C-5), 47.69 (C-9), methyl carbon at δC 28.29 (C-23) 

and quaternary carbon at δC 39.22 (C-10). This indicated that the two methyl groups at positions 

23 and 24 are attached to the quaternary carbon at position 4. The chemical shift of the methine 

carbon at δC 79.18 indicated that a hydroxyl group is attached to it. Therefore, this accounted 

for one hydroxyl group. These HMBC correlations supported the closure of ring A. This was 

further supported by the COSY correlations between the methine hydrogen at δH 3.24 (H-3) 

and the methylene hydrogen at δH 1.64 (H-2) indicating that position 2 was adjacent to position 

3. HMBC correlations were observed between methylene hydrogen at δH 1.68-1.95 (H-11) and 

quaternary carbons at δC 39.63 (C-8), 138.09 (C-13) and methine carbons at δC 47.69 (C-9) and 

126.04 (C-12). These correlations suggested an extension of ring (a) to (b), and it was further 

supported by the COSY correlations where the methine hydrogen at δH 0.74-0.76 (H-5) showed 

correlations with the methylene hydrogen at δH 1.56 (H-6). In addition, the methylene hydrogen 

(H-6) showed a correlation with another methylene hydrogen at δH 1.69-1.78 (H-7). HMBC 

correlations were observed between the methyl group at δH 1.11 (H-27) with the quaternary 

carbons at δC 39.63 (C-8), 138.09 (C-13), 42.19 (C-14) and methylene carbon at δC 30.75 (C-

15). These correlations accounted for the extension of structural unit (b) to (c) as well as 

suggested the assignment of the methyl group at position 27. The extension of structural unit 

(d) to (e) was sorted in a similar manner where quaternary carbon at δC 138.09 (C-13) showed 

HMBC correlation with the methine hydrogens at δH 2.20-2.22 (H-18) and 1.07-1.36 (H-19 

and 20). The HMBC correlations between the methyl hydrogen at δH 0.82-0.89 (H-29) and 

methine carbons at δC 52.97 (C-18), 38.91 (C-19) and 38.98 (C-20) as well as the methylene 

carbons at δC 28.16 (C-21) and 33.13 (C-22) assisted in the assignment of the methyl group at 

29 position. In addition, the HMBC correlations between the methyl group at δH 0.97 (H-30) 

and the methine carbons at δC 38.91 (C-19) and 38.98 (C-20) also suggested the assignment of 
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the methyl group at position 30. These HMBC correlations supported the closure of ring (e). 

The assignment of the carboxylic acid at position 28 was suggested by the HMBC correlation 

between the methylene hydrogen at δH 1.68-1.95 (H-16) and the quaternary carbon at δC 180.28 

(C-28). The structure of compound 64 is shown in figure 3.26, and the selected HMBC and 

COSY correlations are shown in figure 3.27. 
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Figure 3.26: Chemical structure of ursolic acid (64). 
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Figure 3.27: Selected HMBC and COSY correlations of ursolic acid (64). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

ursolic acid (64) (table 3.5). 
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Table 3.5:  1H (500 MHz), 13C (125 MHz), HMBC, and COSY NMR data of Compound (64) 

compared to the literature 1H and 13C NMR data of ursolic acid 

Position Isolated ursolic acid 

(CDCl3) 

Published NMR for 

ursolic acid 

((Pyridine-d5) 

 (1H, 500 MHz 13C, 

125 MHz) 63  

 

Isolated ursolic 

acid  

(CDCl3) 

Isolated ursolic acid 

(CDCl3) 

 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC δH (m, J in 

Hz, no of 

hydrogens) 

HMBC 

correlation 

COSY correlation 

1 38.76, 

CH2 

1.68, m, 2H 39.2, 

CH2 

1.58, 1.00, 

2H 

  

2 27.38, 

CH2 

1.64, m, 2H 28.2, 

CH2 

1.81, 1.81, 

2H 

C1  

3 79.18, 

CH 

3.24, dd J 

=11.19 4.8 

Hz, 1H 

78.2, 

CH 

3.44, dd, 

1H 

C24, C25 H2 

4 37.14, 

C 

 39.6, C    

5 55.45, 

CH 

0.76, 0.74, 

m, 1H 

55.9, 

CH 

0.88, d, 1H C2, C3, C4, C8, 

C9, C24, C25 

 

6 18.45, 

CH2 

1.56, m, 2H 18.8, 

CH2 

1.58, 1.39, 

2H 

 H5 

7 36.83, 

CH2 

1.78, 1.75, 

1.69, m, 2H 

33.7, 

CH2 

1.59, 1.39, 

2H 

 H6 

8 39.63, 

C 

 40.1, C    

9 47.69, 

CH 

1.53, m, 1H 48.1, 

CH 

1.65, 1H C4, C26  

10 39.22, 

C 

 37.5, C    

11 23.44, 

CH2 

1.95, 1.68, 

1.70, m, 2H 

23.7, 

CH2 

1.96, 2H C8, C9, C12, 

C13 

 

12 126.04, 

CH 

5.28, t, 1H 125.7, 

CH 

5.49, s, 1H C9, C11, C14, 

C18 

 

13 138.09, 

C 

 139.3, 

C 

   

14 42.19, 

C 

 42.6, C    
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15 30.75, 

CH2 

1.28, t, 2H 28.8, 

CH2 

1.22, 2.33 t, 

2H 

C11 H16 

16 24.36, 

CH2 

1.95, 1.68, 

1.70, t, 2H 

23.8, 

CH2 

2.14 t, 2.01, 

2H 

C28  

17 48.04, 

C 

 48.1, C    

18 52.97, 

CH 

2.22, 2.20, 

d, J = 11.78 

Hz, 1H 

53.6, 

CH 

2.63, d, 1H C13 H22 

19 38.91, 

CH 

1.36, 1.07, 

m, 1H 

39.5, 

CH 

1.49, 1H  C13, C30  

20 38.98, 

CH 

1.36, 1.07, 

m, 1H 

39.4, 

CH 

1.05, 1H  C13, C30  

21 28.16, 

CH2 

1.14, m, 2H 31.1, 

CH2 

1.40, 1.49, 

2H 

  

22 33.13, 

CH2 

1.36, 1.34, 

m, 2H 

37.4, 

CH2 

1.97, 2H    

23 28.29, 

CH3 

1.01, s, 3H 28.8, 

CH3 

1.24, s, 3H C3, C5, C9, C10, 

C24 

 

24 15.63, 

CH3 

0.95, 0.80, 

s, 3H 

16.5, 

CH3 

1.02, s, 3H C3, C5, C9, C10, 

C23, C25, C27 

 

25 15.74, 

CH3 

0.95, 0.80, 

s, 3H 

15.7, 

CH3 

0.92, s, 3H C1, C3, C5, C8, 

C9, C10, C23, 

C27 

 

26 17.22, 

CH3 

0.89, 0.82, 

s, 3H 

17.5, 

CH3 

1.06, s, 3H C23, C25, C27  

27 23.70, 

CH3 

1.11, s, 3H 24.0, 

CH3 

1.24, s, 3H C8, C13, C14, 

C15 

 

28 180.28, 

C 

 179.7, 

C 

   

29 17.13, 

CH3 

0.89, 0.82, 

d J = 6.30 

Hz, 3H 

17.5, 

CH3 

1.02, d, 3H C18, C19, C20, 

C21, C22 

 

30 21.31, 

CH3 

0.97, d, J = 

12.04 Hz, 

3H 

21.4, 

CH3 

0.97, d, 3H C19, C20  

 

Ursolic acid, a natural pentacyclic triterpenoid was previously isolated from the whole plant of 

S. stellata.1 It is a common compound present in different plant species eg, it has been isolated 
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from the leaves of A. scholaris 65, O. lamiifolium 66 and O. gratissimum 67, however, this is the 

first report of its isolation from S. columbaria.  

 

3.3.15.4 2-Isoursolic acid (65) 

 

Compound 65 was isolated as a white crystalline solid and was identified as 2-isoursolic acid 

by the interpretation of NMR spectroscopy, mass data and comparison to literature.68 The 

molecular formula of the compound is C30H47O3 as deduced from its monoprotonated 

molecular ion at m/z 457.3727 [M+H]+ (calculated for C30H47O3, m/z 457.3682, M+H) based 

on the QTOF mass spectrum with seven degrees of unsaturation. The 13C NMR spectrum had 

a total of thirty signals assigned to seven methines (one oxygenated methine at δC 76.85), nine 

methylene, seven methyl and seven quaternary carbons (one carboxylic acid at δC 178.6) as 

deduced from DEPT 135 spectra. Three signals at δC 178.6 (C-28), 138.26 (C-13) and 124.57 

(C-12) were identified for carboxylic and olefinic function moieties based on their chemical 

shifts.  Apart from one carboxylic acid and one olefinic moiety, the remaining elements of 

unsaturation were attributed to five ring system. The 1H NMR spectrum of this compound 

revealed signals for seven singlet methyl at δH 0.69 (3H, s, H-24), 0.77-0.82 (3H, s, H-25), 

0.77-0.82 (3H, d, J = 6.40 Hz, H-29), 0.87 (3H, s, H-30), 0.90 (3H, s, H-23), 0.92 (3H, s, H-

26), 1.05 (3H, s, H-27 ), one oxygenated methine group at δH 3.01 (1H, m, H-2), the presence 

of an olefinic methine group at δH 5.12 (1H, t, H-12) and a proton resonance at δH 2.10 (1H, d, 

J = 11.55 Hz, H-18) for a methine group. Several proton resonances for methylenes and 

methyls are embedded in the overlapping range between 0.68 and 1.86. The HMBC 

correlations between the methyl hydrogens at δH 0.90 (H-23) and 0.69 (H-24) and the 

methylene carbon at δC 38.43 (C-1) and methine carbons at δC 76.85 (C-2) and 54.77 (C-5), 

suggested the presence of structural unit (a). This indicated that the two methyl groups at 

positions 23 and 24 are likely to be attached to the quaternary carbon at position 4. HMBC 

correlations were further observed between methyl hydrogen at δH 0.77-0.82 (H-25) and 

methylene carbons at δC 38.43 (C-1). The chemical shift of the methine carbon at δC 76.85 (C-

2) indicated that a hydroxyl group is attached to it. Therefore, it accounted for one hydroxyl 

group. In addition, HMBC correlations were observed between methine carbon at δC 54.77 (C-

5) and methylene hydrogens at δH 1.28-1.45 (H-3), methyl hydrogens δH at 0.90 (H-23) and 

0.69 (H-24). These HMBC correlations supported the closure of ring (a). This was further 

supported by the COSY correlations between the methylene hydrogen at δH 1.53 (H-1) and the 

methine hydrogen at δH 3.01 (H-2) while the methine hydrogen (H-2) showed COSY 
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correlation with the methylene hydrogen at δH 1.28-1.95 (H-3) indicating that position 1 was 

adjacent to 2 while 2 was adjacent to 3. HMBC correlations were observed between the 

methylene carbon at δC 38.43 (C-1) and the methylene hydrogen at δH 1.31-1.47 (H-6). This 

correlation is a weak one as it is a 4J correlation. This correlation supported the extension of 

ring (a) to (b). The methine carbon at δC 47.04 (C-9) showed HMBC correlation with the 

methylene hydrogens at δH 1.29-1.57 (H-7), 1.00 (H-11), methine hydrogen at δH 5.12 (H-12) 

and methyl hydrogen at δH 0.77-0.82 (H-25). These correlations accounted for the extension of 

structural unit (b) to (c).  

HMBC correlations were observed between methyl hydrogen at δH 0.77-0.82 (H-25) with 

methylene carbons at δC 38.43 (C-1) as well as the methine carbon at δC 47.09 (C-9). These 

correlations suggested the assignment of the methyl group at position 25. The extension of 

structural unit (c) to (d) to (e) was sorted in a similar manner where quaternary carbon at δC 

41.68 (C-14) showed HMBC correlations with the methine hydrogens at δH 1.47-1.86 (H-9), 

5.12 (H-12), 2.10 (H-18), methylene hydrogens at δH 0.92 (H-15), 1.53 (H-16) and the methyl 

hydrogen at δH 1.05 (H-27). The HMBC correlations between the quaternary carbon at δC 178.6 

(C-28) and the methine hydrogen at δH 2.10 (H-18) assisted in the assignment of the carboxylic 

acid at position 28. Additionally, the HMBC correlations between the methyl carbon at δC 

17.09 (C-29) and the methine hydrogens at δH 2.10 (H-18), 0.93 (H-19) and 0.83-1.32 (H-20) 

suggested the assignment of two methyl groups at positions 29 and 30. This was further 

supported by the COSY correlations between the methine hydrogen at δH 0.83-1.32 (H-20) and 

the methyl hydrogens at δH 0.77-0.82 (H-29) and 0.87 (H-30).  

A big difference in chemical shift was observed in the C-2 resonance of compound 65(δc 76.85 

observed in the study and δc 66.90 published value) and this can be attributed to the influence 

on solvent type, solvent concentration and temperature at the time of the analysis.  

 

The only difference between compounds 64 and 65 was that while the former has a hydroxyl 

group attached at position C-3, the hydroxyl group was attached at position C-2 on the latter 

which accounts for the multiplicity of multiplet observed for the methine hydrogen at position 

2 which is between two methylene hydrogens (H-1) and (H-3). The structure of compound 65 

is shown in figure 3.28, and the selected HMBC and COSY correlations are shown in figure 

3.29. 
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Figure 3.28: Chemical structure of 2-isoursolic acid (65). 
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Figure 3.29: Selected HMBC and COSY correlation of 2-isoursolic acid (65). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 2-

Isoursolic acid (65) (table 3.6). 

 

Table 3.6:  1H (500 MHz), 13C (125 MHz), HMBC, and COSY NMR data of Compound (65) 

compared to the literature 1H and 13C NMR data of 2-Isoursolic acid 

Positio

n 

Isolated 2-Isoursolic 

acid (DMSO-d6) 

Published NMR for 2-

Isoursolic acid  

(Pyridine d5) 

 (1H, 500 MHz 13C, 125 

MHz) 68 

Isolated 2-

Isoursolic acid 

(DMSO-d6) 

Isolated 2-Isoursolic 

acid (DMSO-d6) 

COSY correlation 

HMBC correlation 
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 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC δH (m, J in 

Hz, no of 

hydrogens) 

HMBC 

correlation 

COSY correlation 

1 38.43, 

[CH2] 

1.53, m, 2H  40.4 

 

 C2 H2 

2 76.85, 

[CH] 

3.01, m, 1H 66.9, 

[CH] 

  H3, H1 

3 32.73, 

[CH2] 

1.28-1.45, 

m, 2H 

 37.5 

 

 C2, C5, C6 H2 

4 -[C] 

(chemi

cal 

shift 

possibl

y in the 

region 

of the 

solvent 

peak) 

 -[C] (not 

reported) 

   

5 54.77, 

[CH] 

0.68, s, 1H 54.8    

6 18.04, 

[CH2] 

1.31-1.47, 

m, 2H 

18.4  C1, C7, C9, C24  

7 36.57, 

[CH2] 

1.29, 1.53-

1.57, m, 2H 

39.5  C9 H9, H26 

8 38.24, 

[C] 

 39.6    

9 47.04, 

[CH] 

1.47-1.86, 

m, 1H 

48.6  C10, C11, C14, 

C16, C25, C27 

H12, H26, H27 

10 36.36, 

[C] 

 38.0    

11 27.57, 

[CH2] 

1.00, m, 2H 33.0  C9  

12 124.57, 

[CH] 

5.12, t, 1H 126.0, 

[CH] 

5.28, brs, 1H C9, C14, C18  

13 138.26, 

[C] 

 139.3    

14 41.68, 

[C] 

 47.8    

15 30.23, 

[CH2] 

0.92, 1.27, 

1.44, 1.54, 

m, 2H 

33.8  C8, C9, C14, 

C16 

 

16 23.84, 

[CH2] 

1.53, m, 2H 28.7  C14 H15 

17 46.86, 

[C] 

 48.2    

18 52.41, 

[CH] 

2.10, d, J = 

1.55, 1H 

53.8  C12, C13, C14, 

C16, C17, C20, 

C28, C29 

 

19 38.47, 

[CH] 

0.93, s, 1H 42.9  C15, C16, C17, 

C20, C29 

 

20 38.55, 

[CH] 

0.83, 1.32, 

m, 1H 

47.7  C12, C16, C18, 

C19, C28, C29 

H29, H30 

21 22.89, 

[CH2] 

1.05, m, 2H 24.8  C13  

22 27.03, 

[CH2] 

1.45, m, 2H 31.2    

23 28.30, 

[CH3] 

0.90, s, 3H 33.5, 

[CH3] 

0.99, s, 3H C1, C2, C5, C6, 

C10, C24 
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24 16.15, 

[CH3] 

0.69, s, 3H 19.3, 

[CH3] 

0.79, s, 3H C1, C2, C3, C5, 

C8, C23, C25 

 

25 16.97, 

[CH3] 

0.77-0.82, s, 

3H 

21.4, 

[CH3] 

0.92, s, 3H C1, C3, C9, 

C14, C23, C24, 

C26 

 

26 21.16, 

[CH3] 

0.92, s, 3H 24.0, 

[CH3] 

0.92, s, 3H C25  

27 23.32, 

[CH3] 

1.05, s, 3H 25.1, 

[CH3] 

1.25, s, 3H C11, C14, C26  

28 178.6, 

[C] 

 179.9    

29 17.09, 

[CH3] 

0.77-0.82, d, 

J = 6.40 Hz, 

3H 

23.9, 

[CH3] 

0.87, s, 3H C17  

30 15.28, 

[CH3] 

0.87, s, 3H 17.6, 

[CH3] 

0.85, s, 3H   

 

2-isoursolic acid is an isomer of a natural pentacyclic triterpenoid ursolic acid. It has not been 

reported from a plant species. It was first synthesized through a novel one pot conversion of 

2,3-dihydroxytriterpene to 3-deoxy-2-oxotriterpenes63.This is the first report of its isolation 

from S. columbaria. 

 

3.3.15.5  24-nor-2α,3β-dihydroxyolean-4(23)-12-ene (66) 

 

Compound 66 was isolated as a white crystalline solid and was identified as 24-nor-2α,3β-

dihydroxyolean-4(23)-12-ene by the interpretation of NMR spectroscopy, mass data and 

comparison to literature.69 The molecular formula of the compound is C29H45O2 as deduced 

from its monoprotonated molecular ion at m/z 425.3482 [M-H]- (calculated for C29H45O2, m/z 

425.3420, M-H) based on the QTOF mass spectrum with seven degrees of unsaturation. 13C 

NMR spectrum had a total of twenty-nine signals and the assignments were done together with 

DEPT 135 spectra. It consists of six methine carbons (two oxygenated methines at δC 73.66 

and 79.16), ten methylene (one exocyclic methylene at δC 104.72), six methyl carbons and 

seven quaternary carbons. All these resonances accounted for a partial molecular formula 

C29H43. The four sp2 carbons (δC 149.55, 104.72, 125.96 and 138.45,) attributable to C-4, C-

23, C-12 and C-13 positions respectively indicated two double bond functionality which 

accounts for two degrees of unsaturation. This suggested that the compound contained five 

rings. 13C NMR spectrum confirmed the existence of two methine carbons attached to hydroxyl 

groups (δC 73.66 and 79.16) attributable to the C-2 and C-3 positions based on their chemical 

shifts. The 1H NMR spectrum revealed the presence of six singlet methyl groups at δH 0.97-

1.37 (3H, s, H-29), 1.14 (3H, s, H-27), 0.98 (3H, s, H-26), 0.89 (3H, s, H-25), 0.89 (3H, s, H-
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28) and 0.81 (3H, s, H-24), an olefinic methine group at δH 5.32 (1H, s, H-12), an exocyclic 

methylene group with protons at δH 5.17 (1H, s, H-23a) and 4.77 (1H, s, H-23b), two 

oxygenated methine groups with protons at δH 3.56 (1H, m, H-2) and 3.87 (1H, d, J = 8.54 Hz, 

H-3). In addition, one resonance at δH 1.71 (1H, m, H-5) from one methine group was seen. 

Several protons for methylene and methine overlap in the range between δH 1.54 and 2.10. In 

the HMBC spectrum, the exocyclic methylene hydrogens at δH 4.77 and 5.17 (H-23) showed 

correlations with the methine carbons at δC 50.37 (C-5) and 79.16 (C-3). This confirmed the 

presence of an exocyclic methylene group at the 23 position and thus the structural unit (a) was 

proposed. The structural unit (a) was confirmed by the long-range HMBC correlations of the 

methyl hydrogen at δH 0.81 (H-24) with methylene carbon at δC 46.65 (C-1), methine carbon 

at δC 50.37 (C-5) and the quaternary carbon at δC 42.47 (C-10). This was further supported by 

the COSY correlations between one of the exocyclic methylene protons at δH 5.17 (H-23a) and 

the other methylene proton at δH 4.77 (H-23b) as well as the methine protons at δH 1.71 (H-5) 

and 3.87 (H-3). The COSY correlations between methylene proton at δH 2.10 (H-1) and 

methine proton at δH 3.56 (H-2) and the correlation between methine proton at δH 3.56 (H-2) 

and another methine proton at δH 3.87 (H-3) confirmed the presence of the methine proton at 

δH 3.56 (H-2) in ring (a). The extension of structural unit (a) to (b) was sorted out similarly by 

the long-range correlations in the HMBC spectrum where the methyl hydrogen at δH 0.81 (H-

24) showed contour peaks with the methine carbon at δC 45.03 (C-9) and another quaternary 

carbon at δC 42.47 (C-10). COSY correlation between methylene proton at δH 1.72-2.06 (H-

11) and methine proton at δH 5.32 (H-12) was observed confirming that they were beside each 

other. This information gave an extension of structural unit (b) to (c).  The extension of 

structural unit (c) to (d) was seen in the HMBC correlation of methine proton at δH 2.22-2.25 

(H-18) to the quaternary carbon at δC 39.20 (C-14) and the HMBC correlations between the 

methyl proton at δH 0.98 (H-26) to methylene carbon at δC 31.60 (C-15). This also confirmed 

the position of the methyl proton at the 26 positions. The confirmation of the methyl group at 

the 27 position was confirmed by the long-range HMBC correlations of the methyl group at δH 

1.14 (H-27) to the quaternary carbons at δC 138.45 (C-13) and 38.78 (C-17) and to the 

methylene carbon at δC 20.94 (C-21). It also gave an extension of (d) to (e). The HMBC 

correlations between the methylene protons at δH 0.98-1.54 (H-21) and 1.47 (H-19) and the 

methyl carbon at δC 17.25 (C-28); and the correlations between the two methyl protons at δH 

1.14 (H-27) and 0.89 (H-28) and the methylene proton at δH 0.98-1.54 (H-21) with the methyl 

carbon at δC 38.98 (C-29) assisted in the assignment of the two methyl groups in the 28 and 29 

positions. A big difference in chemical shift was observed in the C-22 resonance of compound 
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66 (δc 31.60 observed in the study and δc 46.80 published value). The plausible reason is 

mentioned above. 

 The structure of compound 66 is shown in figure 3.30, and the selected HMBC and COSY 

correlations are shown in figure 3.31. 
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Figure 3.30: Chemical structure of 24-nor-2α,3β-dihydroxyolean-4(23)-12-ene (66). 

 

1

4

5

6
7

8

9

10

11

12

13

14 16

17

22

2

CH3
H3C

CH3

HO

HO

CH2

CH3 CH3

19 21

CH3

29

27

23

24 25

3

H

26

20

18

28

15

 

Figure 3.31: Selected HMBC and COSY correlation of 24-nor-2α,3β-dihydroxyolean-4(23)-

12-ene (66). 

The proposed structure was confirmed by comparing the NMR data to the literature data of 24-

nor-2α,3β-dihydroxyolean-4(23)-12-ene (66) (table 3.7). 
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Table 3.7: 1H (500 MHz), 13C (125 MHz), HMBC and COSY NMR data of Compound (66) 

compared to the literature 1H and 13C NMR data of 24-nor-2α,3β-dihydroxyolean-

4(23)-12-ene 

Position  Isolated 24-nor-2α,3β-

dihydroxyolean-4(23)-

12-ene (CDCl3) 

Published NMR for 24-

nor-2α,3β-

dihydroxyolean-4(23)-

12-ene ((CD3OD) 

 (1H, 500 MHz 13C, 125 

MHz) 69 

 

Isolated 24-nor-

2α,3β-

dihydroxyolean-

4(23)-12-ene 

(CDCl3) 

Isolated 24-nor-

2α,3β-

dihydroxyolean-

4(23)-12-ene 

(CDCl3) 

 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC δH (m, J in 

Hz, no of 

hydrogens) 

HMBC 

correlation 

COSY 

correlation 

1 46.65, 

[CH2] 

2.10, m, 2H 43.8, 

[CH2] 

 C3, C5 H24 

2 73.66, 

[CH] 

3.56, m, 1H 70.0, [CH] 3.69, ddd, J 

= 12.5, 

10.0, 4.0 

Hz, 1H 

 H1 

3 79.16, 

[CH] 

3.87, d, J = 

8.54 Hz, 

1H 

78.9, [CH] 4.16, d, J 

=10 Hz, 1H 

 H2 

4 149.55, 

[C] 

 144.0, [C]    

5 50.37, 

[CH] 

1.71, d, J = 

10 

Hz, 1H 

46.0, [CH] 2.19, d, J = 

11 Hz, 1H 

  

6 28.03, 

[CH2] 

1.17-1.91, 

m, 2H 

21.0, 

[CH2] 

 C2, C8, C10, C14  

7 36.79, 

[CH2] 

1.70-1.75, 

m, 2H 

34.0, 

[CH2] 

 C8  

8 39.84, 

[C] 

 40.0, [C]    

9 45.03, 

[CH] 

1.72, m, 1H 46.5, [CH]    

10 42.47, 

[C] 

 38.9 [C]    

11 24.39, 

[CH2] 

1.72-2.06, 

m, 2H 

25.3, 

[CH2] 

 C13, C17  

12 125.96, 

[CH] 

5.32, s, 1H 123.0, 

[CH] 

5.29, t, J = 

3.7 Hz, 1H 

C10 H11 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



155 
 

13 138.45, 

[C] 

 145.9, [C]    

14 39.20, 

[C] 

 41.0, [C]    

15 29.84, 

[CH2] 

1.29, m, 2H 27.3, 

[CH2] 

 C13, C19, C22  

16 24.32, 

[CH2] 

2.06, m, 2H 26.2, 

[CH2] 

 C14  

17 38.78, 

[C] 

 31.0, [C]    

18 52.90, 

[CH] 

2.22-2.25, 

m, 1H 

47.8, [CH]  C14, C29  

19 30.75 

[CH2] 

1.47, m, 2H 37.2, 

[CH2] 

   

20 48.05, 

[C] 

 31.5, [C]    

21 20.94, 

[CH2] 

0.98-1.54, 

m, 2H 

34.8, 

[CH2] 

 C17, C19, C29  

22 31.60, 

[CH2] 

1.56, m, 2H 46.8, 

[CH2] 

   

23 104.72, 

[CH2] 

5.17, s 

 4.77, s 

(geminal 

protons), 

2H 

110.0, 

[CH2] 

4.71-5.05, 

brs, 2H 

C3, C5 H3, H23, H5 

24 15.13, 

[CH3] 

0.81, s, 3H 14.0, 

[CH3] 

 C1, C5, C8, C9, 

C10, C14 

 

25 17.15, 

[CH3] 

0.89, s, 3H 18.0, 

[CH3] 

0.79, s, 3H C14, C15, C26  

26 21.31, 

[CH3] 

0.98, s, 3H 26.0, 

[CH3] 

0.90, s, 3H C14, C15, C17, 

C24 

 

27 23.65, 

[CH3] 

1.14, s, 3H 27.5, 

[CH3] 

1.20, s, 3H C13, C17, C20, 

C29 

 

28 17.25, 

[CH3] 

0.89, s, 3H 24.0, 

[CH3] 

0.99, s, 3H C18, C21, C22, 

C29 

 

29 38.98, 

[CH3] 

0.97-1.37, 

s, 3H 

33.0, 

[CH3] 

0.96, s, 3H C19, C22, C27  
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24-nor-2α,3β-dihydroxyolean-4(23)-12-ene is a triterpenoid which was isolated for the first 

time from the leaves of Salvia hierosolymitana.69 It is not commonly found in other plant 

species, however, this is the first report of its isolation from S. columbaria. 

 

3.3.15.6  Hederagenin (67) 

 

Compound 67 was isolated as a white crystalline solid and was identified as hederagenin by 

the interpretation of NMR spectroscopy, mass data and comparison to literature.65, 66 The 

molecular formula of the compound is C30H47O4 as deduced from its monoprotonated 

molecular ion at m/z 471.3473 [M-H]- (calculated for C30H47O4, m/z 471.3474, M-H) based on 

the QTOF mass spectrum with seven degrees of unsaturation. The 13C NMR spectrum had a 

total of thirty signals and the assignments were done together with DEPT 135 spectrum. It 

consists of five methines (one oxygenated methine at δC 76.94), eleven methylene carbons (one 

oxygenated methylene at δC 72.37), six methyl carbons and eight quaternary carbons (one 

carboxylic acid at δC 181.37). Three 13C signals at δC 181.37, 138.09 and 125.91 ppm were 

identified for carboxylic and olefinic function moieties based on their chemical shifts. Two 

signals at δC 76.94 and 72.37 ppm indicated the presence of carbinol carbons based on their 

chemical shifts. Apart from one carboxylic acid and one olefinic group, the remaining elements 

of unsaturation were attributed to five rings suggesting a pentacyclic triterpenoid. The 1H NMR 

spectrum revealed the presence of six singlet methyl groups at δH 0.93-1.00 (3H, s, H-30), 0.98 

(3H, s, H-25), 0.94 (3H, s, H-29), 0.81-0.96 (3H, s, H-24), 0.79-0.86 (3H, s, H-26) and 0.79-

0.86 (3H, s, H-27), one olefinic methine group at δH 5.26 (1H, brs, H-12), one oxygenated 

methine group with a proton at δH 3.64 (1H, t, J = 7.5, 15.3 Hz, H-3) and one oxygenated 

methylene group with protons at δH 3.74 (1H, d, J = 10.50 Hz, H-23a) and 3.44 (1H, d, J = 

10.19 Hz, H-23b). In addition, one proton resonance at δH 2.19 (1H, d, J = 11.93 Hz, H-18) 

from one methine was seen. Several protons for methylene and methine overlap in the range 

between δH 0.86 and 2.00. In the HMBC spectrum, methylene carbon at δC 72.37 (C-23) 

correlated with methylene proton at δH 3.74 (H-23) and 3.44 (H-23). The methylene protons at 

δH 3.74 and 3.44 (H-23) also showed long-range correlations with methine carbon at δC 76.94 

(C-3) and methyl carbon at 11.53 (C-24) and thus the structural unit (a) was proposed. The 

structural unit (a) was confirmed by the long-range correlation of methine proton at δH 3.64 

(H-3) with methylene carbon at δC 72.37 (C-23) and methyl carbon at 11.53 (C-24). This was 

further confirmed by the contour peaks of methyl proton at δH 0.81-0.96 (H-24) with methine 

carbons at δC 76.94 (C-3) and 47.67 (C-5), quaternary carbon at 39.20 (C-4) and methylene 
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carbon at 72.37 (C-23). The structural unit (a) was further supported by the COSY correlation 

between the methine proton at δH 3.64 (H-3) and methylene proton at δH 1.63 (H-2). The 

extension of the structural unit (a) to (b) was sorted out similarly by the long-range correlation 

method in the HMBC experiment where methine proton at δH 1.53 (H-5) showed contour peaks 

with quaternary carbon at δC 39.20 (C-4) and 37.03 (C-10), methylene carbon at 18.61 (C-6), 

and methyl carbon at 15.99 (C-25). In addition, methyl proton at δH 0.98 (H-25) showed 

connectivity to methylene carbon at δC 38.44 (C-1) and methine carbon at 47.67 (C-5). An 

extension of structural unit (b) to (c) was shown in the HMBC experiment where methine 

proton at δH 0.86 (H-9) showed contour peaks with methylene carbons at δC 32.90 (C-7) and 

23.41 (C-11), quaternary carbons at 41.97 (C-8), 37.03 (C-10) and 42.16 (C-14) and methyl 

carbon at 17.13 (C-26), methyl proton at δH 0.79-0.86 (H-26) also showed connectivity with 

methylene carbon at δC 32.90 (C-7), quaternary carbons at 41.97 (C-8) and 42.16 (C-14) while 

methylene protons at δH 0.91 (H-7) showed contour peaks with quaternary carbon at δC 41.97 

(C-8) and methine carbon at 49.95 (C-9). A further extension to the structural unit (c) was 

complicated due to the overlap of peaks. Another approach from the olefinic center with 

methine proton at δH 5.26 (H-12) was adopted as it gave contour peaks with methylene carbon 

at δC 23.41 (C-11), quaternary carbon at 42.16 (C-14) and methine carbon at 52.82 (C-18) while 

methylene proton at δH 1.85-1.91 (H-11) gave contour peaks with quaternary carbon at δC 41.97 

(C-8) and methine carbon at 125.91 (C-12) according to the HMBC experiment. All these 

correlations led to the structural unit (d). The extension of the structural unit (d) to (e) was 

sorted out in a similar manner where methine proton at δH 2.19 (H-18) showed connectivity 

with methylene carbons at δC 36.83 (C-19) and 30.75 (C-21) and quaternary carbon at 39.63 

(C-20) according to the HMBC experiment. This was further confirmed by the correlation of 

methyl protons at δH 0.93-1.00 (H-30) and 0.94 (H-29) with methylene carbons at δC 36.83 

(C-19), 30.75 (C-21) and 29.72 (C-22) and quaternary carbon at 39.63 (C-20) and assisted in 

the assignment of two methyl groups at C-29 and C-30 positions. Furthermore, quaternary 

carbon at δC 181.37 (C-28) showed long-range HMBC correlations with methylene protons at 

δH 1.85 (H-15) and 1.08-2.00 (H-16) which assisted in the assignment of the carboxylic acid 

group at the 28 position. 

A big difference in chemical shift was observed in the C-18, C-19, C-20 resonance of 

compound 67 (δc 52.82 observed in the study and δc 41.30 and 42.40 published value for C-18; 

δc 36.83 observed in the study and δc 45.90 and 46.90 published value for C-19 and  δc 39.63 

observed in the study and δc 30.70 and 31.30 published value for C-20). The plausible reason 

is mentioned above. 
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 The structure of compound 67 is shown in figure 3.32, and the selected HMBC and COSY 

correlations are shown in figure 3.33. 
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Figure 3.32: Structure of hederagenin (67). 
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Figure 3.33: Selected HMBC and COSY correlation of hederagenin (67). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

hederagenin (67) (table 3.8). 

 

Table 3.8: 1H (500 MHz), 13C (125 MHz), HMBC and COSY NMR data of Compound (67) 

compared to the literature 1H and 13C NMR data of hederagenin 

HMBC correlation 

COSY correlation 
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Positio

n 

Isolated hederagenin 

(CDCl3) 

Published NMR for hederagenin 

((CDCl3, Pyridine-d5) (1H, 500 MHz 
13C, 125 MHz) 65 ,66 

  

Isolated 

hederagenin

(CDCl3) 

Isolated 

hederagenin

(CDCl3) 

 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC δC δH (m, J in Hz, 

no of 

hydrogens) 

HMBC 

Correlation 

COSY 

correlation 

1 38.44, 

[CH2] 

1.64, m, 2H 38.1,  

[CH2] 

39.1, 

[CH2] 

1.12-1.61, m, 

2H 

  

2 26.99, 

[CH2] 

1.63, m, 2H 26.4, 

[CH2] 

28.1, 

[CH2] 

1.91, m, 2H   

3 76.94, 

[CH] 

3.64, t, J = 

7.5 Hz, 15.3 

Hz, 1H 

76.4, 

[CH] 

73.7, 

[CH] 

4.24, m, 1H C9, C23, 

C24 

H-2 

4 39.20, 

[C] 

 41.7, 

[C] 

43.3, [C]    

5 47.67, 

[CH] 

1.53, m, 1H 49.7, 

[CH] 

48.9, 

[CH] 

1.56, m, 1H C1, C4, C6, 

C8, C10, 

C25 

 

6 18.61, 

[CH2] 

1.38, m, 2H 18.50

, 

[CH2] 

18.9, 

[CH2] 

1.43, m, 2H C1, C10, 

C14 

 

7 32.90, 

[CH2] 

0.91, m, 2H 32.4, 

[CH2] 

Not 

provided 

0.95-1.30, m, 

2H 

C4, C8, C9, 

C10, C26, 

C27 

 

8 41.97, 

[C] 

 39.3, 

[C] 

40.1, [C]    

9 49.95, 

[CH] 

0.86, m, 1H 47.5, 

[CH] 

48.5, 

[CH] 

1.80, m, 1H C1, C4, C7, 

C8, C10, 

C11, C14, 

C25, C26, 

C27 

 

10 37.03, 

[C] 

 36.9, 

[C] 

37.6,     

11 23.41, 

[CH2] 

1.85-1.91, 

m, 2H 

23.1, 

[CH2] 

24.1, 

[CH2] 

1.99, m, 2H C5, C8, C12  

12 125.91, 

[CH] 

5.26, brs, 1H 122.2

, 

[CH] 

122.9, 

[CH] 

5.52, d, J = 3.7 

Hz, 1H 

C5, C8, C11, 

C14, C17, 

C18 

 

13 138.09, 

[C] 

 143.6

, [C] 

145.2, 

[C] 

   

14 42.16, 

[C] 

 41.7, 

[C] 

42.6, [C]    

15 28.15, 

[CH2] 

1.85, m, 2H 27.7, 

[CH2] 

28.7, 

[CH2] 

1.19-2.19, m, 

2H 

C27, C28  

16 24.30, 

[CH2] 

1.08-2.00, 

m, 2H 

23.4, 

[CH2] 

24.1, 

[CH2] 

1.98-2.16, m, 

2H 

C8, C13, 

C14, C15, 

C17, C20, 

C28 

H-15 

17 48.04, 

[C] 

 46.7, 

[C] 

47.0, [C]    

18 52.82 

[CH] 

2.19, d, J = 

11.93 Hz, 

1H 

41.3, 

[CH] 

42.4, 

[CH] 

3.32, dd, J = 

14.0, 4.9 Hz, 1H 

C16, C19, 

C20, C21 

 

19 36.83, 

[CH2] 

1.68, m, 2H 45.9, 

[CH2] 

46.9, 

[CH2] 

1.83-2.06, m, 

2H 

  

20 39.63, 

[C] 

 30.7, 

[C] 

31.3, [C]    
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21 30.75, 

[CH2] 

1.50, m, 2H 33.9, 

[CH2] 

Not 

provided 

1.20-1.46, m, 

2H 

  

22 29.72, 

[CH2] 

1.27, m, 2H 32.4, 

[CH2] 

Not 

provided 

1.31-1.81, m, 

2H 

  

23 72.37, 

[CH2] 

 

3.74, d, J 

=10.50  

  3.44, d, J 

=10.19 Hz, 

2H 

71.3, 

[CH2] 

68.2, 

[CH2] 

4.21, d, J = 8.2 

Hz 

3.74, d, J = 8.2 

Hz, 2H 

C3, C24  

24 11.53, 

[CH3] 

0.89, s, 3H 11.6, 

[CH3] 

13.5, 

[CH3] 

1.07, s, 3H C3, C4, C5, 

C23, C25 

 

25 15.99, 

[CH3] 

0.98, s, 3H 15.7, 

[CH3] 

16.3, 

[CH3] 

0.99, s, 3H C1, C4, C5, 

C6 

 

26 17.13, 

[CH3] 

0.83, s, 3H 16.9, 

[CH3] 

17.9, 

[CH3] 

1.07, s, 3H C5, C6, C7, 

C8, C9, C14, 

C25 

 

27 17.25, 

[CH3] 

0.83, s, 3H 26.0, 

[CH3] 

26.5, 

[CH3] 

1.26, s, 3H C6, C7, C8, 

C9, C14, 

C17, C18 

 

28 181.37, 

[C] 

 178.2

, [C] 

180.1, 

[C] 

   

29 23.75, 

[CH3] 

0.94, s, 3H 33.1, 

[CH3] 

Not 

provided 

0.94, s, 3H C17, C19, 

C20, C21 

 

30 21.32, 

[CH3] 

0.97, s, 3H 23.6, 

[CH3] 

24.2, 

[CH3] 

1.02, s, 3H C17, C19, 

C20, C21, 

C22 

 

 

Hederagenin is a water insoluble pentacyclic triterpenoid. It was first isolated from the leaves 

of English ivy Hedera helix, a species of flowering plant of the family Araliaceae. 

Subsequently it has been identified from the  fruit of Fructus Akebiae, the leaves of Cyclocarya 

paliuru, the fruit of Sapindus saponaria and the roots of Clematis mandshurica, however, this 

is the first report on its isolation in S. columbaria.67 

                                        

3.3.16 The inhibitory effect of isolated compounds on nitric oxide production 

 

The first batch of isolated compounds, loganic acid (62), cantleyoside-dimethyl-acetal (63) and 

2-isoursolic acid (65) and the second batch of isolated compounds, ursolic acid (64), 24-nor-

2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67) were assessed for their 

inhibitory activities on nitric oxide production in LPS-induced Raw 264.7 macrophages in anti-

inflammatory assays. Figures 3.34 and 3.35 show the results. The first batch of isolated 

compounds (loganic acid (62), cantleyoside-dimethyl-acetal (63) and 2-isoursolic acid (65)) 

were screened in a quadruplicate assay while the second batch of isolated compounds (ursolic 

acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67)) were 

screened in a triplicate assay. 
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Figure 3.34: Nitric oxide production in LPS activated macrophages treated with different 

concentrations of pure compounds, loganic acid (62), cantleyoside-dimethyl-

acetal (63) and 2-isoursolic acid (65). Bar graphs represent triplicate values of 

one experiment. Error bars represent the standard deviation of the mean. The p 

values are relative to the negative control (medium + LPS). Aminoguanidine (AG) 

was included as the positive control. p value ˂  *p < 0.05, **p < 0.01, ***p < 0.001. 
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Figure 3.35: Nitric oxide production in LPS activated macrophages treated with different 

concentrations of pure compounds, ursolic acid (64), 24-nor-2α,3β-

dihydroxyolean-4(23),12-ene (66) and hederagenin (67). Bar graphs represent 

triplicate values of one experiment. Error bars represent the standard deviation of 

the mean. The p values are relative to the negative control (medium + LPS). 

Aminoguanidine (AG) was included as the positive control. p value ˂ *p < 0.05, 

**p < 0.01, ***p < 0.001. 

 

The cytotoxic effect of the first batch of isolated compounds, loganic acid (62), cantleyoside-

dimethyl-acetal (63) and 2-isoursolic acid (65) and the second batch of isolated compounds, 

ursolic acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67) was 

also determined to accurately establish potential anti-inflammatory activity.  The isolated 

compounds (loganic acid (62), cantleyoside-dimethyl-acetal (63) and 2-isoursolic acid (65) 

from the first batch and ursolic acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and 

hederagenin (67) from the second batch) were treated at different concentrations on RAW 

264.7 macrophage viability (figures 3.36 and 3.37) respectively.  
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Figure 3.36: Cell viability (%) of LPS activated macrophages after 24 hours of exposure to 

pure compounds, loganic acid (62), cantleyoside-dimethyl-acetal (63) and 2-

isoursolic acid (65). Bar graphs represent triplicate values of one experiment. 

Error bars represent the standard deviation of the mean. The p values are relative 

to the negative control (medium + LPS). Aminoguanidine (AG) was included as 

the positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001. 
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Figure 3.37: Cell viability (%) of LPS activated macrophages after 24 hours of exposure to 

pure compounds, ursolic acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene 

(66) and hederagenin (67). Bar graphs represent triplicate values of one 

experiment. Error bars represent the standard deviation of the mean. The p values 

are relative to the negative control (medium + LPS). Aminoguanidine (AG) was 

included as the positive control. p value ˂ *p < 0.05, **p < 0.01, ***p < 0.001. 

 

The screening result of the first batch of isolated compounds showed that loganic acid (62) did 

not show any significant reduction in the LPS-stimulated nitric oxide production in Raw 264.7 

cells at all the tested concentrations 25, 50, 100 and 200 µg/mL(5.34 ± 0.50, 5.16 ± 0.34, 5.13 

±0.46 and 4.39 ± 0.10 µM) relative to the negative control (medium + LPS) (4.95 ±0.39 µM at 

25 µg mL-1) (figure 3.34). The cytotoxicity result showed that loganic acid (62) was not toxic 

to the RAW 264.7 cells (figure 3.36). Cantleyoside-dimethyl-acetal (63) also did not show any 

significant reduction in the LPS-stimulated nitric oxide production in Raw 264.7 cells at all the 

tested concentrations 25, 50, 100 and 200 µg/mL(5.14 ± 0.30, 5.25 ± 0.16, 4.33 ± 0.62 and 4.58 

± 0.29 µM) relative to the negative control (medium + LPS) (4.95 ±0.39 µM at 25 µg/mL) 

(figure 3.34). The cytotoxicity result showed that cantleyoside-dimethyl-acetal (63) was not 

toxic to the RAW 264.7 cells (figure 3.36).  The compound 2-isoursolic acid (65) also did not 

show any significant reduction in the LPS-stimulated nitric oxide production in Raw 264.7 
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cells at all the tested concentrations 25, 50, 100 and 200 µg/mL(5.40 ± 0.12, 5.34 ± 0.26, 5.14 

± 0.14 and 4.74 ± 0.37 µM) relative to the negative control (medium + LPS) (4.95 ±0.39 µM 

at 25 µg/mL) (figure 3.34). The cytotoxicity result also showed that 2-isoursolic acid (65) was 

not toxic to the RAW 264.7 cells (figure 3.36). These results showed that the first batch of 

isolated compounds loganic acid (62), cantleyoside-dimethyl-acetal (63) and 2-isoursolic acid 

(65) did not have any anti-inflammatory activity as they did not show any significant reduction 

of the LPS-stimulated nitric oxide production in RAW 264.7 macrophages relative to the 

negative control (medium + LPS). 

 

The screening result of the second batch of isolated compounds shows that ursolic acid (64) 

significantly decreased LPS-stimulated nitric oxide production in RAW 264.7 macrophages by 

2.34 ± 0.10, 1.86 ± 0.11 and 1.19 ± 0.10 µM at concentrations 12.5, 25 and 50 

µg/mLrespectively relative to the negative control (2.95 ± 0.14 µM at 12.5 µg mL-1) (figure 

3.35). The cytotoxicity result revealed that ursolic acid (64) was not toxic to the Raw 264.7 

cells (figure 3.37). Ursolic acid (64) has previously been reported to show significant inhibition 

on LPS-stimulated nitric oxide production in RAW 264.7 macrophage by 9, 7.5 and 3.5 µM at 

concentrations 10, 20 and 40 µg/mLthree times lower activity than what was observed in this 

study (anti-inflammatory assay).68 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) 

significantly decreased LPS-stimulated nitric oxide production in RAW 264.7 macrophages by 

1.81 ± 0.07, 1.09 ± 0.13 and 0.77 ± 0.07 µM at the concentrations 12.5, 25 and 50 

µg/mLrespectively relative to the negative control (2.95 ± 0.14 at 12.5 µg/mL) (figure 3.35). 

The cytotoxicity result revealed 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) induced 

decreased cell viability at 50 µg/mLby 25 %. Though the decreased cell viability showed death 

of the RAW 264.7 cells at 50 µg/mL, the compound still showed good activity at the lower test 

concentrations (12.5 and 25 µg/mL) (figure 3.37). It is therefore established that 24-nor-2α,3β-

dihydroxyolean-4(23),12-ene become cytotoxic to the cells above a concentration of 25 µg/mL.  

 

The inhibitory activity of nitric oxide production for 24-nor-2α,3β-dihydroxyolean-4(23)-12-

ene (66) was presented for the first time in this study and is regarded as being good (1.81, 1.09 

and 0.77 µM at 12.5, 25 and 50 µg/mLrespectively). Hederagenin (67) significantly decreased 

LPS-stimulated nitric oxide production in RAW 264.7 macrophages by 2.45 ± 0.14 and 1.71 ± 

0.19 µM at concentrations 12.5 and 25 µg/mLrelative to the negative control (2.95 ± 0.14 at 

12.5 µg/mL) (figure 3.35). The cytotoxicity result showed that hederagenin (67) induced 

decreased cell viability at 25 µg/mLby 35 % and at 50 µg/mLby 80 %. This shows that the 
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activity of hederagenin (67) observed at 50 µg/mLwas a result of the death of the macrophage 

cells exposed to this compound and therefore was not considered. It is also established that the 

hederagenin become cytotoxic to the cells above a concentration of 12.5 µg/mL. The inhibitory 

activity of hederagenin (67) in nitric oxide production in RAW 264.7 macrophage has 

previously been reported with an IC50 value of 22.6 ± 0.21µM (IC50 value of quercetin (positive 

control) 7.14 ± 0.38µM) eleven times lower activity than what was observed in this study (anti-

inflammatory assay).69. 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) exhibited the best 

anti-inflammatory potential as it showed the highest reduction in nitrite concentration (1.81 ± 

0.07, 1.09 ± 0.13 and 0.77 ± 0.07 µM respectively) at all three tested sample concentrations 

(12.5, 25 and 50 µg/mL) relative to the negative control (2.95 ± 0.14 µM at 12.5 µg/mL) with 

an effect on cell viability at the concentration (50 µg/mL).  This was followed by ursolic acid 

(64) (2.34 ± 0.10, 1.86 ± 0.11 and 1.19 ± 0.10 µM respectively) at the above tested 

concentrations. The decrease in nitrite concentration of hederagenin (67) at 25 and 50 

µg/mLcannot be considered as it proved to be highly cytotoxic at both concentrations however 

at 12.5 µg/mL, the decrease in nitric oxide concentration can be considered as anti-

inflammatory activity as no effect in cytotoxicity was evident. The results indicated that the 

isolated compounds (ursolic acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and 

hederagenin (67) from the active fractions were responsible for the inhibition of nitric oxide 

production. The structures of the three active compounds ursolic acid (64), 24-nor-2α,3β-

dihydroxyolean-4(23),12-ene (66), and hederagenin (67) show they are pentacyclic 

triterpenoids with ursane and oleanane skeletons and this class of compounds has been reported 

to have anti-inflammatory activity.70 Further preliminary structure activity relationship analysis 

of ursane and oleanane triterpenoids disclosed that the β-hydroxy group at the C-3 position was 

essential for the nitric oxide inhibitory activity.70 All three active compounds in this study had 

a β-hydroxy group at the C-3 position which confirmed the above assumption. However, 2-

isoursolic acid (65) which had a hydroxy group at the C-2 position was not active. This also 

supports the above assumption although it is subject to confirmation and can be further verified.  

 

This is the first report of loganic acid (62), cantleyoside-dimethyl-acetal (63), ursolic acid (64), 

2-isoursolic acid (65) 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67) 

from S. columbaria. This is also the first report of the anti-inflammatory activity of 24-nor-

2α,3β-dihydroxyolean-4(23),12-ene (66) and could be potentially developed into an anti-

inflammatory ingredient. 
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3.4 Conclusion 

 

The four extracts (acetone, ethanol, water/ethanol (1:1), water) of S. columbaria showed good 

anti-inflammatory activity, however, based on commercial suitability and easier to isolate 

compounds from ethanol than water, the ethanol extract was selected for research and isolation 

of active compounds. Liquid-liquid partitioning of the ethanol extract using hexane led to the 

concentration of actives in the hexane fraction. The chemical profile of the ethanol extract of 

S. columbaria was carried out to identify compounds in the extract. Ten compounds were 

tentatively identified by UPLC-QTOF-MS analysis which are loganic acid, schrophuloside A1, 

3,4-dicaffeoylquinic acid, cantleyoside, sylvestroside III, triplostoside A, hederagenin, 

maslinic acid, 2-isoursolic acid, glycyrrhetaldehyde. The presence of loganic acid, triplostoside 

A, hederagenin and 2-isoursolic acid was confirmed through isolation, purification and 

structure elucidation using MS and NMR data.  These compounds have been identified for the 

first time in S. columbaria. Fractionation of the hexane fraction led to the isolation of 4 

compounds: ursolic acid (64), 2-isoursolic acid (65), 24-nor-2α,3β-dihydroxyolean-4(23) 

(66),12-ene and hederagenin (67). Fractionation of the defatted ethanol fraction led to the 

isolation of 2 compounds: loganic acid (62) and cantleyoside-dimethyl-acetal (63). The three 

pentacyclic triterpenoids ursolic acid (64) 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66), 

and hederagenin (67) significantly decreased the nitric oxide levels in RAW 264.7 

macrophages at 12.5, 25 and 50 µg/mLrelative to the negative control (medium + LPS (2.95 ± 

0.14 at 12.5 µg/mL)) by 1.81±0.07, 1.09±0.13 and 0.77±0.07 µM; 2.34±0.10, 1.86±0.11 and 

1.19±0.10 µM; 2.45±0.14 and 1.71±0.19 µM respectively. 24-nor-2α,3β-dihydroxyolean-

4(23),12-ene (66) was the most active compound showing potent activity at the two tested 

concentrations (1.09 µM at 25 µg/mLand 0.07 µM at 50 µg/mL) relative to the negative control 

(medium + LPS (2.95 ± 0.14 at 12.5 µg/mL)). This is the first report of the anti-inflammatory 

activity of 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and could be potentially developed 

into an anti-inflammatory ingredient. All the active compounds (64, 66 and 67) were 

structurally similar and contained a β-hydroxy group at C-3. Compound (65) was inactive and 

had a hydroxy group at C-2 instead of C-3 which indicated that the β-hydroxy group at C-3 

increased the nitric oxide inhibition activity of the compounds. This study shows the potential 

for the ethanol extract of S. columbaria to be developed as an anti-inflammatory ingredient and 

used as a complementary medicine to reduce swelling.  
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CHAPTER 4:  Anti-diabetic screening, characterization and isolation of 

compounds from Sclerocarya birrea leaves 

4.1  Introduction  

4.1.1 Background to the genus  

 

The genus Sclerocarya belongs to the Anacardiaceae family, which comprises of 800 species 

distributed in 81 genera and occurs in tropical and subtropical areas.1 Several species of this 

family show significant economic importance due to their woods for carpentry, fruits, and 

edible seeds, all of them with expressive commercial value.1 From its hard seed or nut, the 

genus Sclerocarya was derived from the Greek words which are Sklero meaning hard and 

Karyon meaning nut.2 The genus Sclerocarya has two species that are endemic to sub-Saharan 

Africa, Madagascar and eastern Kenya namely, Sclerocarya birrea and Sclerocarya gilettii.3  

 

The class of compounds known to occur in this genus includes polysaccharides, essential oil, 

lipids, resins and phenolic compounds.4 The current study focuses on the species S. birrea (A. 

Rich) Hoscht commonly referred to as Marula. It is one of the most recognized indigenous 

trees belonging to the Anacardiaceae family.5 It is in this family because of its dioecy nature, 

resin canals in the outer covering as well as its production of plumpy fruits by female trees.3 S. 

birrea is one of the commonly utilized indigenous wild fruits in Africa.6 It is a multipurpose 

tree highly appreciated by rural communities, mainly for its fruits but also for its cosmetic oil 

from the seed and medicinal properties from the bark and leaves.7  

 

4.1.2 Botany and geographical distribution 

 

S. birrea is a deciduous medium size tree that can grow up to 18 m in height (figure 4.1). It 

bears fruit from January to March, flowers from September to November and is leafless for 

several months of the year.8,9 The fruits are edible yellow oblong shaped (3-4 cm in diameter) 

with  plain tough skin and  juicy mucilaginous flesh.9 It produces seeds that encloses 2-3 soft 

white edible kernels which are rich in oil and protein.10 It is commonly known as Cider tree or  

Marula in English; Maroela in Afrikaans and Umganu in Zulu.11 The S. birrea tree has a 

spreading crown, and the leaves are 8 to 38 cm long with elliptic shape and smooth margins.12, 

13 They are imparipinnate and alternate with 3-18 pairs of leaflets which are dark green above 

and pale bluish-green below.14 
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S. birrea occurs on a wide variety of soil types such as deep sands on granite and basaltic clays. 

It prefers well-drained soils in areas with a mean annual rainfall of 200-1500 mm.14 It has 

variable fruit size but is roughly plum sized. S. birrea abscises before ripening at which stage 

the skin color is green and the fruit firm. The ripe fruits have a thick yellow peel and translucent 

whitish flesh.15The S. birrea tree is present in most parts of Africa, particularly in the lowland 

of KwaZulu Natal (South Africa) from where it projects northwards through tropical Africa 

into Sudan and Ethiopia. In South Africa, the tree is also present in Swaziland, Botswana, 

Angola, Zimbabwe, Namibia and Malawi.8 In West Africa, the tree is found in Cameroon, 

Nigeria, Gambia, and Central African Republic. The tree thrives in various woodland habitats 

and on sandy loam soils but is more often found in semi-arid and savannah regions of Sub-

Saharan Africa.16 Three subspecies of S. birrea are well known: S. birrea subsp. caffra (Sond) 

Kokwaro; S.birrea subsp. multifoliolata (Engl) Kokwaro and S. birrea subsp. birrea.17 In 

Southern Africa, the most common subspecies is caffra which is found in Swaziland, 

Zimbabwe, Namibia, Botswana and South Africa. In South Africa, it is common in the 

savannah areas of Northern KwaZulu Natal, Northwest and Mpumalanga provinces.17  

 

 

Figure 4.1: Picture A shows S. birrea tree and picture B shows S. birrea leaves with fruits. 18, 

19(Picture A and B taken from Encyclopedia, W.T.F and PlantZAfrica.com).  

 

4.1.3 Traditional uses of S. birrea 

 

Fresh fruit of S. birrea can be eaten as well as fermented to make a beer.20 Jam, wine and fruit 

juice are products made by processing the fruit.21, 22 The oil obtained from S. birrea kernel is 

used for different purposes. In the Limpopo region of South Africa, the oil is used to massage 

babies’ face, feet, and hands to prevent dryness of skin, it is also used as a shampoo for fragile, 
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dry and damaged hair as well as a soap and nose drop for children. In some rural areas in South 

Africa, it is used to treat leather and preserve meat.23 The kernels can either be consumed as a 

snack or mixed with wild spinach and served with maize meal while the oil can be extracted 

from the kernel using the cold-press method.21, 22 S. birrea leaves are eaten by both wildlife 

and livestock.22 The wood carving produces utilitarian items such as plates, spoons, and 

decorative animal figures. Amarula cream liquor is a commercial alcoholic drink produced 

from the fermented fleshy part of S. birrea fruit and traded worldwide.24 Fruit, kernel and beer 

(fermented from S. birrea) are sold to generate fees, uniforms and books thereby reducing 

poverty for poor households.25 The barks and leaves are used medicinally.21, 22 Bapedi 

traditional healers practicing in the Capricon, Sekhukhune and Waterberg districts of the 

Limpopo province (South Africa) use the bark and fruit juice of S. birrea in the treatment of 

Asthma and related symptoms.26 S. birrea bark is traditionally used in Limpopo province in 

South Africa in the treatment of Sexually Transmitted Infections specifically HIV/AIDS.27 The 

bark is also pounded and mixed with warm water and the infusion is administered as a treatment 

for diarrhea.28 

 

Runyoro et al. reported the traditional use of S. birrea root and stem bark in the treatment of 

oral and oesophageal candidiasis.29 The bark decoction has been utilized as an anti-cough 

remedy. The leaves, pulp, fruit and mistletoe are used for hypertension.30 The Zulus use the 

fruit as an insecticide also the stem bark decoction is used as a remedy for diarrhea.24 ,31. 

Powdered bark is given to pregnant women to regulate the sex of babies.31  In Cameroon, the 

stem bark is used in the treatment of diabetes mellitus.32 S. birrea leaves, stem bark, roots and 

fruits are used in Ghana in the treatment of snake bite, splenomegaly, goiter and pharyngitis.32 

Some South African communities use the leaves and stem bark in the management of diarrhea, 

dysentery, stomach ailment, inflammation, ulcer, hypertension, skin disease, fever, diabetes 

mellitus and malaria.11 Venda inhabitants of South Africa use the stem bark in the treatment of 

fever, stomach ailment and ulcer.24 In East Africa, S. birrea roots are utilized as an ingredient 

in an alcoholic, phytomedicine for the treatment of an internal ailment called ‘Kati’ while the 

bark is used to manage stomach disorder.33 The Hausa native of West Africa uses the cold 

infusion of S. birrea stem bark as a treatment for dysentery.34 The gum obtained from the tree 

is rich in tannins and therefore is employed in ink substitute production.31 S. birrea wood is 

used by South Africans and Zimbabweans in the production of drums, toys, dishes, carvings 

and divining bowls.35 The fruit peel from S. birrea is used in the manufacture of oil for cosmetic 

purposes.36 The Vharenda people of South Africa use the stem bark for treating ulcer, fever 
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and stomach ailment.24 The smoke produced by burning dried seeds of the S. birrea plant has 

been used to repel mosquitoes in the uMkhanyakude district, KwaZulu Natal province and 

South Africa.37 

 

The disadvantage of using bark as a source of medicinal components is that the injudicial 

removal of bark can lead to the death of the plant. Leaves are a more sustainable resource than 

bark, they could be used without any detrimental effect on the plant.24 

 

4.1.4 Previously reported biological efficacy of S. birrea as an anti-diabetic agent 

 

S. birrea (A. Rich) Hoscht also known as the tree of life is a popular member of the 

Anacardiaceae family. Different biological activities have arisen from various parts of S. birrea 

including anti-diabetic properties thereby providing scientific evidence to support the 

traditional medicinal uses of the plant.11, 31, 38 Ojewole et al. studied the use of the aqueous 

extract of S. birrea stem bark in the management of pain, arthritis, inflammation and adult-

onset type 2 diabetes mellitus (T2DM) in rat and mice models. The aqueous extract produced 

dose-dependent and significant protection against electrical heat- induced pain as well as 

production of dose and time-related significant and sustained reduction in the fresh egg 

albumin-induced acute inflammation of the rat hind paw edema. In addition, moderate to high 

doses of the aqueous extract gave rise to dose-dependent and a significant reduction in the level 

of blood glucose of both fasted diabetic and normal rats.39  In-vitro anti-diabetic activity of 

aqueous and methanol extracts of S. birrea was investigated. The extracts showed in-vitro anti-

diabetic activity by inhibiting α-amylase and α-glucosidase activity in a dose-dependent 

manner comparable to the positive control acarbose. The methanol extract had better anti-

diabetic activity than the aqueous extract by reducing elevated serum glucose levels in T2DM. 

Furthermore, both extracts also significantly increased glucose uptake in C2C12 myotubes, 

3T3-L1adipocytes and HepG2 hepatocarcinoma cells.40 The use of S. birrea stem bark in the 

management of diabetes was investigated by Ojewole et al.11 The aqueous extract of the stem 

bark restored lipidemia, glucose tolerance, hepatic function, oxidative stress and prevention of 

high blood pressure induced by the application of oxidized palm oil and sucrose in rat’s diet.41  

 

Dimo et al. showed that the 1:1 methanol/methylene chloride extract of S. birrea stem bark 

exhibited hypoglycemic activity and an increase in plasma insulin levels in streptozotocin-

induced diabetic rats. The effective concentration of the plant extract (300 mg/kg) also reduced 
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urea, triglyceride, and plasma cholesterol levels. Furthermore, the oral glucose tolerance in rats 

treated with the plant extract was improved significantly.32 This study suggests that S. birrea 

stem bark extract can improve the glucose level balance in streptozotocin-induced diabetes 

which is associated with increased secretion of insulin. 

 

Victoria-Montesinos et al. investigated how prediabetic participants' glucose metabolism was 

affected by a nutraceutical supplement based on a natural extract of S. birrea. The study was 

conducted over a ninety-day period with thirty-three subjects assigned to the experimental 

group (daily administration of 100 mg of the supplement based on a natural extract of S. birrea) 

and thirty-four patients assigned to the placebo group. The oral glucose tolerance test (OGTT) 

area under the curve (AUC) showed a statistically significant decrease in the experimental 

group after 40 and 90 days as compared with baseline in this study. Additionally, individuals 

in the experimental group also experienced a greater fall in systolic blood pressure. In 

participants with verified prediabetes, this exploratory clinical research suggests the anti-

diabetic efficacy of a nutraceutical supplement based on a natural extract of S. birrea.42 

 

The therapeutic efficacy of S. birrea leaves aqueous extract on hepatic steatosis in diabetic 

mice was assessed by Mabasa et al. When compared to obese control and metformin-treated 

mice, mice administered with the aqueous extract of S. birrea leaves showed significantly 

lower body and liver weight (P < 0.05). Furthermore, hepatic steatosis was considerably 

reduced in mice given an aqueous extract of S. birrea leaves in comparison to mice given 

metformin and an obese control group (P < 0.05). In comparison to the obese control mice, 

there was a decrease in the expression of fatty acid synthase and an increase in the fatty acid 

oxidation gene carnitine palmitoyltransferase, which was linked to the decreased lipid buildup. 

The findings suggest that in diabetic mice, the aqueous extract of S. birrea leaves prevents 

hepatic steatosis.43 

 

4.1.5 Reported phytochemistry and biological efficacy of compounds found in S. birrea 

leaves 

 

Phytochemical analysis of S. birrea leaves showed the presence of flavonoids, tannins, 

polyphenols, saponoside, alkaloids and anthocyanins.44 The flavonoid found in S. birrea leaves 

include quercetin (68) and its derivatives (quercetin-3-O-α-(5’’-galloyl) arabinofuranoside 

(69), quercetin-3-O-β-D-(6’’-galloyl)galactopyranoside (70), quercetin-3-O-β-D-(6’-
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galloyl)glucopyranoside (71), quercetin-3-O-α-L-rhamnopyranoside (72) and quercetin-3-O-

β-D-glucopyranoside (73), myricetin-3-O-α-L-rhamnopyranoside (74), kaempferol and its 

derivatives kaempferol-3-O-β-D-(6’-galloyl)glucopyranoside (75), kaempferol-3-O-α-L-

rhamnopyranoside (76).45 The same study also reported the presence of (-)-epigallocatechin-3-

O-galloylester (77), gallic acid (78) and (-)-epicatechin-3-O-galloyl ester (79) (figure 4.2).  

 

Quercetin has been reported to control blood glucose levels through elevation of the expression 

of GLUT-4 and enhances the uptake of glucose on the skeletal muscle cell surface through the 

stimulation of the adenosine monophosphate activated protein kinase (AMPK) pathway.46 

Zhang et al. reported that quercetin-3-O-α-L-rhamnopyranoside exhibited moderate α-

glucosidase inhibitory activity with an IC50 value of 374.94 ± 4.35 µg/mL.47 Kaempferol has 

been reported to inhibit α-amylase and α-glucosidase with an IC50 values of  51.24 and 29.37 

µg/mLrespectively.48 Prasad et al. reported that gallic acid increases GLUT4 translocation and 

glucose uptake activity in an Akt-independent manner.49 The chemical composition and 

seasonal variation of essential oil of S. birrea leaves cultivated in Benin were studied using 

steam distillation, Gas Chromatography-Flame Ionization Detector (GC-FID) and Gas 

Chromatography-Mass Spectrometry (GC-MS) method. A total of 49 compounds were 

identified, and they represented 98% of the hydro-distillate. The oil is composed of about 96% 

sesquiterpene. The percentage oil content varied between the cold and hot seasons of which 7-

epi-α-selinene (80) (38%), α-muurolene (81) (25%), valencene (82) (17%), β-selinene (83) 

(4.3%), β-caryophyllene (84) (3.2%), allo-aromadendrene-epoxide (85) (1.5%) and 14-

hydroxy-α-humulene (86) (1.5%) were the major compounds observed in the hot season while 

7-epi-α-selinene (80) (51%), β-selinene (83) (15%), valencene (82) (12%), α-selinene (87) 

(8.1%) and β-caryophyllene (84) (1.8%) were observed in the cold season.50 
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Beta selinene (83) Beta-caryophyllene (84)

O

allo-aromadendrene-epoxide (85)  

 

                      

HO

14-hydroxy-alpha-humulene (86)                      alpha-selinene (87)  

Figure 4.2: Structures of compounds reported from S. birrea leaves. 

 

4.2 Materials and methods 

4.2.1 Collection and extraction of S. birrea leaves 

 

Four batches of S. birrea leaves were collected from Limpopo and Mpumalanga provinces in 

South Africa by the Agricultural Research Council (ARC) and voucher specimens (Organism 

ID 48536, specimen numbers P25796, P25362, P25359, P25361) were prepared and deposited 

at the South African Biodiversity Institute (SANBI). Extraction and spray drying were carried 

out by the Council for Scientific and Industrial Research (CSIR). Aqueous extracts 1, 2, 3 and 

4 were separately prepared from the four plant batches and spray-dried. Extraction was carried 

out in a 50L stainless steel vessel electric operated stirrer running at a slow speed using de-

ionized water. The slurry was transferred into a hydraulic press to separate the biomass from 

liquid through a 50-micron filter bag at the highest pressure of 300 bars. The filtrate from the 

filtration process was spray-dried using a GEA Niro Pharmaceutical spray drier. All four spray 
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-dried extracts (aqueous extracts 1, 2, 3 and 4) were stored in a room before biological 

screening. 

 

4.2.2 Fractionation of the spray-dried extract (aqueous extract 4) 

 

The most active spray-dried extract (aqueous extract 4) was fractionated using a positive 

pressure Solid Phase Extraction (ppSPE) workstation on a reverse phase C8 cartridge (figure 

4.3). The flow rate was 5 ml/min.  Fractionation was carried out to identify the active 

compound(s) in the active fraction.  Aqueous extract 4 (4.0 kg) was dissolved in 4.5ml of water 

and adsorbed on cotton wool. It was frozen at -45oC and freeze-dried by the freeze dryer at -

56oC and 151 mT. The SPE cartridge (hypersep C8) was equilibrated using 100% methanol 

and 100% water simultaneously and conditioned using the first solvent system (95:5 water: 

methanol). The freeze-dried cotton wool containing the sample was placed in an empty 

cartridge and placed on top of the conditioned SPE cartridge (hypersep C8) and was 

fractionated into seven fractions (fractions 1-7) using different solvent systems (95:5 water: 

methanol, 80:20 water: methanol, 60:40 water: methanol, 40:60 water: methanol, 20:80 water: 

methanol, 0:100 water: methanol and 50:50 acetonitrile: methanol).  
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Figure 4.3: Flow diagram showing the bioassay-guided fractionation of the spray-dried 

aqueous leaf extract of S. birrea (Aqueous extract 4). 

 

4.2.3 Chemical analysis of extracts, fractions and compounds 

4.2.3.1 UPLC-QTOF-MS analysis of extracts, fractions and compounds 

 

The crude extracts, fractions and compounds were analyzed on Waters acquity ultra-

performance liquid chromatography-quadrupole time of flight mass spectrometer (UPLC-

QTOF-MS) operating in both positive and negative mode as described in Chapter 2 (section 

2.2.5)  

 

4.2.4  Isolation and identification of pure compounds 

4.2.4.1  Preparative HPLC fractionation of the active fraction 4  

 

Fraction 4 (1 mg) was dissolved in 1 mL HPLC grade MeOH and then filtered through a 0.22 

µm nylon syringe filter (13 mm diameter). The solution was subjected to analysis using an 

XBridge C18 analytical column (4.6 mm x 150 mm, 5 μm, Waters) for optimization of the 
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chromatographic conditions. The mobile phase consisted of water + 0.1% FA (solvent A) and 

MeOH + 0.1% FA (solvent B) at a flow rate of 1.00 mL/min and an injection volume of 10 µL 

for 27 mins. The gradient method used was as follows: 70.% B (0.00 min), 50% B (1.00 min), 

40% B (12.00 mins), 30% B (19.00 mins), 0% B (21.00 mins) and 70% B (27.00 mins). The 

optimized method was upscaled to the Prep C18 column (19 mm x 250 mm, 5 µm, Waters) 

using Waters Prep calculator software. Fraction 4 (250 mg) was dissolved in 2.5 mL HPLC 

grade MeOH and then filtered through a 0.22 µm nylon syringe filter (13 mm diameter). The 

mobile phase was the same as stated above at a flow rate of 20.00 mL/min (obtained from the 

calculator) and an injection volume of 200 µL for 45 mins. The gradient method used was as 

follows: 70% B (0.00 min), 60% B (20.00 mins), 40% B (31.67 mins), 0% B, (35.00 mins) and 

70%B (45.00 mins). The preparative HPLC was interfaced with a 2998 PDA detector and a 

QDA mass spectrometer detector (Waters, Milford, MA, USA) operated in a positive ion mode. 

The source temperature was 120oC, while the probe temperature was set at 600oC. The capillary 

and cone voltages were set to 800 and 10V respectively. Targeted masses (m/z 495, 479 and 

319) were collected in test tubes (approximately 8 mL capacity) using the waters 2767 fraction 

collector, which placed the targeted peaks based on their m/z in various separate test tubes. 

After six injections, the collected peaks with the same m/z were combined and subsequently 

concentrated to dryness under vacuum by using a Genevac HT series evaporating system. The 

purity of the collected peaks was checked using proton NMR. 

 

4.2.4.2 LC-MS-SPE-NMR purification of compounds from active fraction 3  

 

Fraction 3 (40 mg) was subjected to mass directed purification using hyphenated liquid 

chromatography-mass spectrometry-solid phase extraction-nuclear magnetic resonance (LC-

MS-SPE-NMR) (figure 4.4). The solution was dissolved in 1 mL HPLC grade MeOH and the 

resulting solution was filtered through a 0.22 µm nylon syringe filter (13 mm diameter). The 

separation was achieved on a Phenomenex C18 column (150 x 4.6 mm, 5µm Luna® Omega). 

The mobile phase consisted of water + 0.1% FA (solvent A) and MeOH+ 0.1% FA (solvent B) 

at a flow rate of 0.5 mL/min and injection volume of 15 µL for 25 mins. The gradient method 

used was as follows: 8% B (0.00 min), 50% B (10 mins), 65% B (18 mins) and 100% B (22 

mins). Peaks were detected by the PDA detector as they eluted from the column and then 

trapped in individual allocated SPE cartridges. The loaded cartridges were dried using 

pressurized nitrogen gas. The two trapped peaks were eluted from the cartridges to pre-weighed 

vials using the SamplePro Tube liquid handler. Data collected using HyStarTM software 
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package. The solvents were evaporated to dryness using a Genevac HT series evaporating 

system. The two peaks were analysed by proton NMR to check for their purity. 

 

 

Figure 4.4: Flow diagram showing the purification of the active fractions from spray-dried 

aqueous extract 4 of S. birrea leaves. 

 

4.2.5 NMR analysis of pure compounds 

 

NMR analysis of pure compounds was conducted using Bruker Avance III 400 MHz and 500 

MHz spectrophotometers equipped with a prodigy probe as described in Chapter 3 (section 

3.2.4).  

 

4.2.6 Biological screening of extracts, fractions and compounds from S. birrea leaves 

 

The biological screening was carried out at the Biomedical Research and Innovation Platform, 

South African Medical Research Council (SAMRC). 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



188 
 

 

4.2.6.1 Glucose uptake assay  

 

A glucose uptake assay kit (Promega Glucose Uptake -GLO Assay, Maidson, WI, USA) was 

used to estimate glucose uptake according to the described technique.51 C2C12 mouse skeletal 

muscle cells (American Type Culture Collection (ATCC), cat CRL 1722  (Manassas, VA, 

USA)), were sub-cultured and differentiated using a modified method of Muller et al. (2012). 

52 C2C12 muscle cells were seeded into 24-well plates (25,000 cells/well). The C2C12 cells 

were maintained in DMEM supplemented with 10% FCS at 37 °C in 5% CO2 in humidified 

air for 3 days (to 80–90% confluency). Thereafter, the 10% FCS was substituted with 2% horse 

serum for a further 2 days to induce myocytic differentiation before performing the assay. 

Briefly, C2C12 myocytes were exposed for 40 min to test samples prepared in Krebs ringer 

bicarbonate HEPES buffer (KRBH) and 2 percent BSA without glucose before being treated 

for one hour with relevant fraction concentrations ranging from 0.01 to 100 µg/mLof the test 

samples. The intracellular build-up of 2-deoxyglucose-6-phosphate (2DG6P) after a 30 min 

treatment was used to determine 2-deoxyglucose uptake measured by the luminescent signal 

proportional to 2DG6P concentration using a SpectraMax® i3x Multi-Mode Microplate Reader 

(Molecular Devices, San Jose, CA, USA). The means and standard deviations of three different 

experiments were used to calculate all of the data. Statistical differences between groups were 

assessed using one-way ANOVA with Dunnett’s post hoc test. For graphic depiction and 

statistical analysis, GraphPad 6 software was employed. Statistical significance was defined as 

a value of p = 0.05. 

 

4.2.6.2 Cytotoxicity assay 

 

Mosman et al. established a colorimetric-based assay for detecting cell metabolic activity called 

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-bromide (MTT) for determining cell 

viability.53 C2C12 muscle cells were seeded into 96-well plates (5000 cells/well). Briefly, 10 

µL of stock MTT solution was added to the assay wells and incubated for 4 hr at 37 °C. To 

dissolve the dark blue formazan precipitate, 100 µL of 0.04N HCL in isopropanol was added 

to each well and carefully mixed. To determine MTT activity, the absorbance of each well was 

measured at 570 nm on a SpectraMax® i3x Multi-Mode Microplate Reader after a few minutes 

at room temperature to guarantee full dissolution of the crystals. 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



189 
 

4.3 Results and discussion  

4.3.1 Collection and extraction of S. birrea leaves  

 

The plant leaves were harvested in four batches from various locations and seasons. Plants 

were collected over different years (2014–2017) from Limpopo and Mpumalanga. Extraction 

and spray drying were carried out by the Council for Scientific and Industrial Research (CSIR). 

Aqueous extracts 1, 2, 3 and 4 were separately prepared from the four plant batches and spray- 

dried over different years (2014–2017). Aqueous extract 2 was prepared and spray-dried from 

plant material that was in storage for two to three years while aqueous extracts, 1, 3 and 4 were 

prepared and spray-dried after receiving harvested plant material (table 4.1). 

 

Table 4.1: Plant harvesting, extraction, spray drying and yields of S. birrea (Marula) leaves 

 

The plant material collected from Limpopo produced a lower yield (11%) of aqueous extract 

than the plant material collected from Mpumalanga (20% yield). The result of the percentage 

yield of extraction of all the plant collections shows that a higher extraction yield (20%) was 

obtained for the recent collection of S. birrea leaf material carried out in 2017 (aqueous extract 

4) as compared to 11.4% and 13.03% for the 2014 harvest (aqueous extracts 1 and 2, 

respectively) (table 4.1). The lower extraction yield from the 2014 collection (aqueous extracts 

1 and 2) could be attributed to seasonal variation, rainfall received during the harvest season in 

addition to storage conditions of the plant material over time. The age of the plant material in 

the different seasons can also be a contributing factor. The lower extraction efficiency (13.03%) 

of the 2014 harvest (aqueous extract 2) as compared to the extraction efficiency (20%) for the 

Extract Harvesting 

date by  

Year 

Extraction/S

pray drying 

date 

 by year 

Harvest 

Location 

(Province) 

Mass of  

Leaves  

Extracted 

Mass of  

spray dried 

 extract 

% 

Extraction 

yield 

Aqueous 

extract 1 

Ending of 

2013 

Beginning  

2014 

Limpopo 9.4 kg 1.070 Kg  11% 

Aqueous 

extract 2 

2014 2017 Mpumalanga 4.0 Kg 0.521 Kg 13% 

Aqueous 

extract 3 

Ending of 

2014 

Beginning  

2015 

Mpumalanga 4.0 kg 0.348 Kg 9% 

Aqueous 

extract 4 

2017 2017 Mpumalanga 4.0 Kg 0.783 Kg 20% 
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2017 plant collection (aqueous extract 4) can also be attributed to not extracting the plant 

material immediately after harvest. The storage condition would have contributed to its low 

extraction yield. As a result, it is recommended that the plant material be extracted as soon as 

possible following harvest. 

 

4.3.2 Effect of plant extracts on glucose uptake 

 

The four aqueous spray-dried extracts were evaluated for their effect on glucose uptake in 

differentiated C2C12 myocytes. In vitro, differentiated C2C12 myocytes are representative of 

skeletal muscle, the major insulin-responsive tissue responsible for more than 75% of insulin-

mediated glucose disposal from the peripheral circulation. The glucose uptake results for 

aqueous extracts 1, 2, 3 and 4 tested at different concentrations (0.01, 0.1, 1, 10, 100 µg/mL) 

are shown in figure 4.5.  

 

 

Figure 4.5:  Glucose uptake in C2C12 myocytes. Glucose uptake activity % estimated from 

2-deoxy-D-glucose uptake in C2C12 myocytes exposed to the S. birrea leaf 

extracts at different concentrations over one hour. The percentage is expressed 
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relative to the control set at 100%. Insulin (Ins) and metformin (Met) were 

included as positive and drug reference controls respectively. p value < *p < 

0.05, **p < 0.01, ***p < 0.001. 

 

Both aqueous extracts 1 and 4 caused significant increases in glucose uptake in C2C12 cells. 

Aqueous extract 1 significantly increased glucose uptake in C2C12 cells (p < 0.5) at 0.1 

µg/mLand at 10 µg/mL(p < 0.01) while aqueous extract 4 significantly increased glucose 

uptake in C2C12 cells (p < 0.01) at 0.01, 1 and 10 µg/mLand (p < 0.5) at 0.1 µg/mL, 

respectively. At 10 µg/mL, aqueous extract 1 exhibited higher glucose uptake (180%) 

compared to the glucose uptake stimulated by the positive control insulin (170%) (untreated 

control is measured as 100% uptake) whilst at 0.1 µg/mLit was marginally lower (140%). 

Similarly, aqueous extract 4 increased glucose uptake by 130% at 0.1 µg/mL, 120% at 1 

µg/mL, 120% at 0.01 µg/mLand 110% at 10 µg/mL, albeit slightly lower than the positive 

control insulin (140%) but higher than the reference drug metformin (figure 4.5). This showed 

the presence of compound(s) with the potential to stimulate glucose uptake comparable to that 

of insulin in both extracts. A similar glucose absorption pattern was demonstrated in a study 

conducted by Da Costa Mousinho et al. on the aqueous extract of S. birrea bark which revealed 

the dose-dependent glucose uptake by the C2C12 cell line with significant glucose absorption 

(p < 0.05) at 1.56–6.25 µg/mLwhich is comparable to the glucose uptake activity result 

obtained in this study.54 Another study has reported that an aqueous extract of S. birrea stem 

bark increased glucose uptake in treated RIN-m5F pancreatic beta cells at concentrations 

ranging from 3.12–50 µg/mLin a dose-dependent manner with substantial glucose uptake 

observed at 25, 50 and 100 µg/mL(p < 0.001).55 

 

4.3.3 Cell viability of active extracts 

 

The MTT cell viability assay was carried out for the two most active extracts (aqueous extracts 

1 and 4) to confirm that the test samples were not toxic to the cells (figure 4.6).  
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Figure 4.6: MTT cell viability assay of C2C12 myocytes treated with extract for 72 hours. The 

data are presented as mean ± SD, expressed relative to the control at 100%. p 

value < *p < 0.05, **p < 0.01. ***p < 0.001. 

 

Aqueous extract 1 only decreased cell viability at the highest concentration of 100 µg/mLafter 

72 h of exposure. Aqueous extract 4 induced decreased cell viability at all tested concentrations 

by 25% while it also significantly induced decreased cell viability at 100 µg/mLby 80%. It is 

therefore established that the extracts become cytotoxic to the cells above a concentration of 

10 µg/mL. 

 

4.3.4 Identification of chemical markers from the active spray-dried aqueous extracts of 

S. birrea leaves 

 

A chemical analysis of aqueous extracts 1 and 4 was undertaken to identify common peaks in 

the extracts which could be responsible for the observed biological activity. Figures 4.7 and 

4.8 show the UPLC-QTOF-MS chemical profiles of the active spray-dried aqueous extracts 1 

and 4 operating in negative and positive electrospray (ESI) ionization modes, respectively.  

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



193 
 

 

Figure 4.7: ESI negative mode BPI chromatogram of active spray-dried aqueous extracts 1 

and 4.  

 

Fourteen compounds were tentatively identified by comparing their accurate masses and 

MS/MS fragmentation patterns with compounds in databases such as Metlin, Metfusion, 

Chemspider, Pubchem, Dictionary of Natural Products and Waters UNIFY ® Scientific 

Information System. 
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Figure 4.8: ESI positive mode BPI chromatogram of active spray-dried aqueous extracts 1 and 

4.  

 

Two compounds were tentatively identified by comparing their accurate masses and MS/MS 

fragmentation pattern with compounds in databases such as Metlin, Metfusion, Chemspider, 

Pubchem, Dictionary of Natural Products and Waters UNIFY® Scientific Information System 

 (version 1.9.2) accessing the Chinese Natural Products database. The sixteen compounds 

tentatively identified (which include two organic acids, one proanthocyanidin, five flavonoids, 

one gallotannin, two flavonoid glucuronides and five flavonoid glycosides) were common in 

both extracts (aqueous extracts 1 and 4), indicating the two extracts are chemically similar and 

these compounds may be responsible for the glucose uptake activity observed in the two 

extracts. Compounds tentatively identified by UPLC-QTOF-MS analysis of the spray-dried 

aqueous extract 4 are shown in table 4.2.  

 

A minor peak (peak 11) with m/z 477.1037 (at the retention time 5.94 minutes) was present in 

both active extracts in the negative mode. Another minor peak (peak 6) with m/z 289.0920 (at 

the retention time 4.29 minutes) was present in both active extracts in the negative mode. A 

very minor peak (peak 2) with m/z 169.0262 (at retention times 1.69-1.80 minutes) was present 

in both active extracts in the negative mode. The major peak (peak 15) with m/z 319.0443 (at 

the retention time 5.80 minutes) was present in both active extracts in the positive mode. The 

intense peak (peak 16) with m/z 303.0543 (at the retention time 6.68 minutes) was present in 
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both active extracts in the positive mode.  The structures of the compounds corresponding to 

the labelled peaks (2, 6, 11, 15 and 16) were tentatively identified using accurate mass data and 

mass fragmentation patterns as described in this section below. These common compounds 

could be responsible for the anti-diabetic activity of the extracts. Confirmation of the 

compounds requires isolation and purification, and biological screening of the compounds will 

confirm if they are responsible for the activities of the extracts.  

 

Table 4.2 shows accurate mass, formula and MS/MS data for compound fragments tentatively 

identified from the active spray-dried aqueous extracts of S. birrea leaves (aqueous extracts 1 

and 4). 
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Table 4.2: Compounds tentatively identified using UPLC-QTOF-MS analysis of the spray-dried aqueous extract of S. birrea leaves 

Peak 

No. 

RT (min) Acquired 

[M-H]- 

m/z 

Formula  Calculated 

[M-H]- 

m/z 

Possible 

structure 

Mass error (ppm) MS/MS Data (fragments) Reference 

1 0.86 191.0582 C7H12O6 191.0556 quinic acid 

(Organic acid) 

2.1 96.9628 [M-H]--2H2O-4H2-CO2-O 56 

85.0324 [M-H]--CO2-H2O-C2H4O2 

169.0149 [M-H]--H2O-2H2 

125.0267 [M-H]--H2O-4H2-CO2 

2 1.79 .169.0166 C7H6O5 169.0137 gallic acid 

(Organic acid) 

4.1 125.0273 [M-H]--CO2 56 

151.0037 [M-H]--H2O 

79.0213 [M-H]--CO2-H2O-CO 

3 3.03 577.1329 C30H26O12 577.1346 procyanidin B2 

(Proanthocyani

din) 

-2.4 125.0284 [M-H]--C24H20O9 57 

169.0152 [M-H]--C22H16O8 

289.0711 [M-H]--C15H12O6 

407.0763 [M-H]--C8H8O3-H2O 

451.0951 [M-H]--C6H6O3 

109.0325 [M-H]--C24H20O10 

4 3.29 305.0664 C15H14O7 305.0661 gallocatechin 

(Flavonoid) 

1.0 125.0251 [M-H]--C9H8O4 58 

137.0260 [M-H]--C8H8O4 

165.0231 [M-H]--C6H2O3-H2O 

169.0153 [M-H]--C7H4O3 

109.0320 [M-H]--C9H8O5 

5 3.96 647.0889 C28H24O18 647.0884 pistafolin A 

(Gallotannin) 

0.3 169.0165 [M-H]--C21H18O13 59 

125.0267 [M-H]--C22H18O15 

343.0704 [M-H]--C14H8O8 
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173.0495 [M-H]--C21H10O13 

495.0775 [M-H]--C7H4O4 

6 4.29 289.0735 C15H14O6 289.0712 epicatechin 

(Flavonoid) 

1.4 125.0267 [M-H]--C9H8O3 60 

123.0114 [M-H]--C9H10O3 

137.0247 [M-H]--C8H8O3 

108.0248 [M-H]--C9H9O4 

152.0139 [M-H]--C7H5O3 

169.0180 [M-H]--C7H4O2 

7 5.18 493.0631 C21H18O14 493.0618 myricetin-3-O-

β-D-glucuronide 

(Flavonoid 

glucuronide) 

0.8 317.0317 [M-H]--C6H8O6 61, 62 

151.0060 [M-H]--C14H14O10 

137.0261 [M-H]--C14H12O11 

179.0005 [M-H]--C13H14O9 

 107.0153 [M-H]--C15H14O12 

8 5.26 479.0834 C21H20O13 479.0826 gossypin 

(Flavonoid) 

0.4 316.0238 [M-H]--C6H11O5  

151.0051 [M-H]--C13H12O10 

271.0272 [M-H]--C9H4O6 

287.0200 [M-H]--C9H4O5 

9 5.50 615.0966 C28H24O16 615.0986 quercetin 3-O-

(6''-galloyl)-

Beta-D-

glucopyranoside 

(Flavonoid 

glycoside) 

0.2 463.0871 [M-H]--C7H4O4 45 

300.0294 [M-H]--C13H15O9 

316.0228 [M-H]--C15H7O7 

271.0255 [M-H]--C13H12O11 

151.0063 [M-H]--C21H20O12 

10 5.80 463.0876 C21H20O12 463.0877 myricetin-3-O-

alpha-L-

1.9 316.0236 [M-H]--C6H11O4 45 

151.0056 [M-H]--C14H16O8 
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rhamnopyranosi

de 

(Flavonoid 

glycoside) 

179.0000 [M-H]--C13H16O7 

271.0252 [M-H]--C6H11O5-2H2O 

287.0211 [M-H]--C6H11O5-H2O 

11 5.94 477.0679 C21H18O13 477.0669 quercetin-3-O-

beta-D-

glucuronide 

(Flavonoid 

glucuronide) 

1.7 301.0366 [M-H]--C6H8O6 63, 64 

151.0056 [M-H]--C14H14O9 

179.0002 [M-H]--C15H18O10 

255.0325 [M-H]--C7H10O8 

271.0258 [M-H]--C7H10O7 

12 6.33 433.0780 C20H18O11 433.0771 quercetin-3-O-

arabinoside 

(Flavonoid 

glycoside) 

0.0 300.0290 [M-H]--C5H9O4 64 

151.0043 [M-H]--C13H14O7 

271.0269 [M-H]--C6H10O5 

255.0307 [M-H]--C6H10O6 

13 6.68 447.0932 C21H20O11 447.0927 quercetin-3-O-

alpha-L-

rhamnopyranosi

de 

(Flavonoid 

glycoside) 

3.4 300.0297 [M-H]--C6H11O4 65 

151.0060 [M-H]--C14H16O7 

255.0310 [M-H]--C7H12O6 

271.0260 [M-H]--C7H12O5 

179.0016 [M-H]--C15H20O8 

14 7.38 431.0977 C21H20O10 431.0978 kaempferol-3-

O-alpha-L-

rhamnopyranosi

de 

(Flavonoid 

glycoside) 

0.0 285.0436 [M-H]--C6H10O4 66, 67 

125.0257 [M-H]--C15H14O7 

227.0390 [M-H]--C8H12O6 

255.0323 [M-H]--C7H12O5 

151.0050 [M-H]--C14H16O6 
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Peak 

No. 

RT (min) Acquired 

[M+H]+ 

m/z 

Formula 

of possible 

structure 

Theoretical 

[M+H]+ 

m/z 

Possible 

structure 

Mass 

error 

(ppm) 

MS/MS Data (fragments) Reference 

 

 

 

15 5.80 319.0463 C15H11O8 319.0454 myricetin 

(Flavonoid) 

-1.3 153.0194 [M+H]+-C8H6O4 61, 68 

165.0195 [M+H]+-C7H6O4 

273.0418 [M+H]+-H2O-CO 

217.0499 [M+H]+-H2O-3CO 

245.0447 [M+H]+-H2O-2CO 

137.0236 [M+H]+-C7H6O4-CO 

16 6.48 303.0497 C15H10O7 303.0505 quercetin 

(Flavonoid) 

-2.6 153.0188 [M+H]+-C8H6O3 69 

229.0505 [M+H]+-H2O-2CO 

285.0414 [M+H]+-H2O 

257.0463 [M+H]+-H2O-CO 

201.0552 [M+H]+-H2O-3CO 
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The structures of the compounds are shown in figure 4.9. 
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Figure 4.9: Structures of chemical markers (myricetin-3-O-β-D-glucuronide (88), quercetin-

3-O-β-D-glucuronide (89) and myricetin (90) tentatively identified. 
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In the first order mass spectrum of peak 1, the [M-H]- ion was observed with m/z 191.0582 [M-

H]- at the retention time 0.86 minutes. It had a molecular formula of C7H11O6
- with a normalized 

iFit value of 0.000. Analysis of the MS/MS data revealed that the compound was an organic 

acid, tentatively identified as quinic acid.56  

 

The MS spectrum of peak 2 was observed at the retention time 1.79 mins with m/z 169.0166 

[M-H]-. The molecular formula obtained was C7H5O5
– with a normalized iFit value of 0.000. 

The analysis of the MS/MS data indicated that it was an organic acid, matching gallic acid. 

Gallic acid has also been reported for its anti-diabetic activity.70 

 

The first order mass spectrum of peak 3 showed an [M-H]- ion with m/z 577.1329 at the 

retention time 3.03 minutes. The molecular formula was given as C30H26O12
- with a normalized 

iFit value of 0.114. Analysis of the MS/MS data revealed that the compound was an 

proanthocyanidin tentatively identified as procyanidin B2.57  

 

Peak 4 represents a precursor ion with m/z 305.0664 [M-H]- at the retention time 3.29 minutes. 

The molecular formula of the compound was given as C15H13O7
- with normalized iFit value of 

0.075. The analysis of the MS/MS data indicated that it was a flavonoid, matching 

gallocatechin.  

 

The first order mass spectrum of peak 5 showed an [M-H]- ion with m/z 647.0889 at the 

retention time 3.96 minutes. The molecular formula was given as C28H24O18
- with normalized 

iFit value of 0. 043. Analysis of the MS/MS data revealed that the compound was a gallotannin 

tentatively identified as Pistafolin A.   

 

The first order mass spectrum of peak 6 showed an [M-H]- ion with m/z 289.0735 at the 

retention time 4.29 minutes. The molecular formula generated was C15H13O6
- with normalized 

iFit value of 0.017. The analysis of the MS/MS data indicated that it was a flavonoid, matching 

epicatechin. Studies by Yuzuak et al. identified epicatechin in the berries of two muscadine 

grape hybrids FLH 13-11 and FLH 17-66.58 Epicatechin has been reported for its anti-diabetic 

activity.71 

In the ESI MS spectrum, peak 7 showed an [M-H]- ion with m/z 493.0631 at the retention time 

5.18 minutes. The molecular formula was given as C21H17O14
- with normalized iFit value of 
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0.006. Analysis of the MS/MS data revealed that the compound was a flavonoid glucuronide 

tentatively identified as myricetin 3-O-β-D-glucuronide (88).61,62.  

 

The first order mass spectrum of peak 8 showed an [M-H]- ion with m/z 479.0834 at the 

retention time 5.26 minutes. Analysis of elemental composition yielded the molecular formula 

C21H19O13
- with normalized iFit value of 0. The analysis of the MS/MS data indicated that it 

was a flavonoid, matching gossypin.  

 

The ESI MS spectrum of peak 9 showed an [M-H]- ion with m/z 615.0966 at the retention time 

5.50 minutes. The molecular formula was given as C28H23O16
- with a normalized iFit value of 

0.000. Analysis of the MS/MS data revealed that the compound was a flavonoid glycoside 

tentatively identified as quercetin 3-O-(6''-Galloyl)-beta-D-glucopyranoside.45  

 

 Peak 10 represents a precursor ion with m/z 463.0876 [M-H]- at the retention time 5.80 

minutes. The molecular formula of compound C21H19O12
- was obtained with a normalized iFit 

value of 0.000. The analysis of the MS/MS data indicated that it was a flavonoid glycoside, 

matching myricetin-3-O-alpha-L-rhamnopyranoside.61,45  

 

The first order mass spectrum of peak 11 showed an [M-H]- ion with m/z 477.0679 at the 

retention time 5.94 minutes. The molecular formula obtained was C21H17O13
- with a normalized 

iFit value of 0.000. Analysis of the MS/MS data revealed that the compound was a flavonoid 

glucuronide tentatively identified as quercetin-3-O-beta-D-glucuronide (89).63, 64 Quercetin-3-

O-β-D-glucuronide has previously been reported to attenuate 25 mM HG-induced suppressed 

nuclear factor erythroid 2-related factor 2 and anti-oxidant enzyme expression in mouse 

glomerular mesangial cells (MES-13).72 

 

In the ESI MS spectrum, peak 12 showed an [M-H]- ion with m/z 433.0780 at the retention 

time 6.33 minutes. The molecular formula was given as C20H17O11
- with a normalized iFit value 

of 0.000. The analysis of the MS/MS data indicated that it was a flavonoid glycoside, matching 

quercetin-3-O-arabinoside.64 

 

Peak 13 observed with m/z 447.0932 [M-H]- at the retention time 6.68 minutes had a molecular 

formula of C21H19O11
- with a normalized iFit value of 0.000. Analysis of the MS/MS data 
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revealed that the compound was a flavonoid glycoside tentatively identified as quercetin-3-O-

alpha-L-rhamnopyranoside.  

 

The ESI MS spectrum of peak 14 showed an [M-H]- ion with m/z 431.0977 at the retention 

time 7.38 minutes. The molecular formula was given as C21H19O10
- with a normalized iFit value 

of 0.000. Analysis of the MS/MS data revealed that the compound was a flavonoid glycoside 

tentatively identified as kaempferol-3-O-alpha-L-rhamnopyranoside.66, 67  

 

Peak 15 represents a precursor ion with m/z 319.0463 [M+H] + at the retention time 5.80 

minutes. The molecular formula of compound C15H11O8
+ was generated from Masslynx 

software with a normalized iFit value of 0.000. Analysis of the MS/MS data revealed that the 

compound was a flavonoid tentatively identified as myricetin (90).61 Myricetin has been 

reported for its anti-diabetic activity.73 

 

The first order mass spectrum of peak 16 showed an [M+H]+ ion with m/z 303.0497 at the 

retention time 6.48 minutes. The molecular formula obtained was C15H11O7
+ with a normalized 

iFit value of 0.000. Analysis of the MS/MS data revealed that the compound was a flavonoid 

tentatively identified as quercetin. Quercetin has been reported for its anti-diabetic effect in 

streptozocin-induced diabetic rats.74 

 

4.3.5 Fractionation targeting the biologically active compounds 

 

Since both aqueous extracts 1 and 4 were chemically similar, and the aqueous extract 4 showed 

statistically significant biological activity at all test concentrations including at 0.01 µg/mL, 

aqueous extract 4 was selected for fractionation to isolate the compounds responsible for the 

glucose uptake activity. Aqueous extract 4 (4.0 kg) was fractionated using a GX-241 liquid 

handler Gilson instrument on a solid phase extraction (SPE) cartridge (hypersep C8) with the 

eluent of water (H2O), MeOH and acetonitrile (MeCN) in the following ratios: H2O: MeOH 

(95:5, 80:20, 60:40, 40:60, 20:80, 0:100) for fractions 1 to 6, respectively, and MeOH: MeCN 

50:50 for fraction 7. The fractions were collected (8 mL each) in preweighed polytope vials. 

The solvents were evaporated to dryness using a Genevac HT series. The seven fractions were 

tested for their glucose uptake activity in the C2C12 cell line. 
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4.3.6 Biological screening of fractions for glucose uptake activity in the C2C12 cell line 

 

The positive control insulin and seven fractions from aqueous extract 4 were screened over a 

concentration range of 0.01-100 µg/mLto ascertain the in vitro glucose uptake in the C2C12 

cell line. Differentiated C2C12 cell (myotubules) enhances the insulin-sensitive glucose uptake 

mechanism by increasing the translocation of glucose transporter 4 (GLUT 4) to the surface of 

the cell.75 Based on this, insulin was selected as a positive control to ascertain maximal glucose 

uptake. The biological screening results are shown in figure 4.10.  
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Figure 4.10: Relative Glucose uptake activity of S. birrea fractions in C2C12 myocytes over 

a range of 0.01-100 µg/mL. Activity is expressed relative % to the baseline 

glucose uptake (control) set at 0% and the positive control insulin (Ins) set at 

100%. Active fraction (fraction 3) exhibited comparable potency to Insulin. P 

value < *p < 0.05, **p < 0.01. ***p < 0.001. 

 

Activity is expressed in relative % to the baseline glucose uptake (control) set at 0% and the 

positive control insulin (Ins) set at 100%. This was used as a reference to select the active 

fraction. Out of the tested fractions, fractions 3 and 4 (H2O: MeOH (60:40 and 40:60) 

respectively) with activity ranges of 24-73% and 46-54% respectively significantly increased 

glucose uptake (p < 0.05) in C2C12 skeletal myocytes. Overall, the fractions were less effective 

than the positive control (Insulin). A common observation was a decrease in glucose uptake 

for most of the fractions at 100 µg/mL. Fractions 3 and 4 exhibited good activity in the glucose 

uptake assay even though they were less effective than the positive control therefore the two 

active fractions were considered for chemical analysis and isolation of active compounds. 

 

4.3.7 UPLC-QTOF-MS analysis of active fractions 

 

The active fractions (fractions 3 and 4) were analyzed using UPLC-QTOF-MS to identify the 

active compounds (figure 4.11).  
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Figure 4.11: ESI negative mode BPI chromatogram of fractions 3 and 4 from spray-dried 

aqueous extract 4 of S. birrea leaves. Unidentified (at m/z 431.2201 [M-H]- 

retention time 5.07 minutes), myricetin-3-O-β-D-glucuronide (at m/z 493.0886 

[M-H]- retention time 5.26 minutes), quercetin-3-O-β-D-glucuronide (at m/z 

477.0991 [M-H]- retention time 6.02 minutes). 

 

Peak 1 with m/z 431.2201 (at the retention time 5.07 minutes) in fraction 3 was present (at the 

retention time 5.08 minutes) in fraction 4. The compound corresponding to this peak was not 

identified. Peak 2 with m/z 493.0886 (at the retention time 5.31 minutes) in fraction 3 was 

present (at the retention time 5.26 minutes) in fraction 4. The compound was tentatively 

identified as myricetin-3-O-β-D-glucuronide (88) as described in section 4.3.4 (table 4.2). The 

presence of myricetin-3-O-β-D-glucuronide in the active fractions 3 and 4 indicates that this 

flavonoid glucuronide contributes to the glucose uptake potential of the extracts. Peak 3 with 

m/z 477.0991 (at the retention time 6.02 minutes) in fraction 3 was present (at the retention 

time 6.07 minutes) in fraction 4. The compound was tentatively identified as quercetin-3-O-β-

D-glucuronide (89) as described in section 4.3.4 (table 4.2). Its presence in the two active 

fractions 3 and 4 indicates that it contributes to the glucose uptake activity of the extracts. 

Isolation and biological screening of these two pure compounds will confirm their anti-diabetic 

activity. 
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4.3.8 Isolation of compounds from active fraction 3 

 

Isolation of compounds from the active fraction 3 was carried out to identify the active 

compound(s). Fraction 3 was subjected to purification by hyphenated liquid chromatography-

mass spectrometry-solid phase extraction-nuclear magnetic resonance (LC-MS-SPE-NMR) 

analysis. The two peaks labelled in figure 4.12 were trapped in SPE cartridges through multiple 

trapping. Compound (92) (F3SF1) and compound (93) (F3SF2) were collected in pure forms in 

sufficient quantities of 1.6 mg and 0.9 mg respectively. They were screened for their glucose 

uptake assay in C2C12 myocytes.  

 

 

Figure 4.12: LC-UV max plot chromatogram of fraction 3 from LC-MS-SPE-NMR. 

 

4.3.9 Isolation of compounds from active fraction 4 

 

Isolation of compounds from the active fraction 4 was carried out to identify the active 

compounds. Fraction 4 was purified using mass-directed preparative high-performance liquid 

chromatography-qualitative data analysis (HPLC-QDA). The purification was carried out in a 

positive mode (figure 4.13).  
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Figure 4.13: HPLC-UVmax plot and MS positive mode chromatogram of fraction 4. 

 

Three peaks were collected in sufficient quantities to allow further analysis. They were labelled 

as F4SF1 (8.21 mg), F4SF2 (compound (91), 9 mg) and F4SF3 (3.63 mg). The compounds were 

analyzed by NMR spectroscopy. The 1H NMR spectra of compound (91) showed it was pure 

with minor impurities therefore 1D and 2D NMR spectroscopy together with UPLC MS 

analysis were carried out for the structure to be elucidated (section 4.3.10) while F4SF1and 

F4SF3 confirmed that they were still mixtures and needed further purification. The two 

compounds were purified from fraction 3 where they were also present using hyphenated liquid 

chromatography-mass spectrometry-solid phase extraction-nuclear magnetic resonance (LC-

MS-SPE-NMR) analysis (section 4.3.8). 

 

4.3.10 Structure elucidation of compounds isolated from S. birrea 

4.3.10.1 Myricetin (91) 

 

Compound 91 was isolated as a light-yellow solid and was identified as myricetin by the 

interpretation of the NMR spectroscopy, mass data and comparison to literature data.76 The 

molecular formula of the compound is C15H11O8 as deduced from its monoprotonated 

molecular ion at m/z 319.0443 [M+H]+ (calculated for C15H11O8, m/z 319.0454, M+H) based 

on the QTOF mass spectrum with eleven degrees of unsaturation. The 13C NMR spectrum 

exhibited fifteen carbon signals, which were assigned as four aromatic methines and eleven 

quaternary carbons (one carbonyl, six O-bearing and four aliphatic) using the DEPT spectrum. 
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This suggested the compound had a flavonoid structure. The 1H NMR spectrum showed the 

presence of four aromatic protons resonating at δH 6.22 (1H, d, JH-6-H-8 = 2.13 Hz, H-6) and δH 

6.39 (1H, d, JH-6-H-8 = 2.13 Hz, H-8) consistent with the meta coupled protons at H-6 and H-8 

positions on the A-ring, and a signal at δH  6.97 (2H, s, H-2', H-6') indicating the presence of 

two protons appearing as a singlet due to their para substituted ring B which led to their 

symmetrical pattern. The position of these protons was assigned through HMBC correlation 

between δH 6.97 (H-2' and H-6') with δC 145.5 (C-2) and HMBC correlation between δH 6.22 

(H-6) and δH 6.39 (H-8) with δC 102.2 (C-10). Furthermore HMBC correlation was observed 

between δH 6.22 (H-6) with δC 161.8 (C5) and δC 93.3 (C8), between δH 6.39  (H-8) with δC 

98.4 (C6), δC 164.5 (C7) and δC 157.1 (C9) and between δH 6.97 (H-2' and H-6') with δC 120.5 

(C-1'), δC 145.5 (C-3'), δC 145.5 C-5' and δC 108.1 (C-6') which supported their assignment. 

There were no COSY correlations observed. The structure of compound 91 is shown in figure 

4.14, and the selected HMBC correlations are shown in figure 4.15. 
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  Figure 4.14: Chemical structure of myricetin (91). 
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Figure 4.15: Selected HMBC correlation of myricetin (91). 
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The proposed structure was confirmed by comparing the NMR data to the literature data of 

myricetin (91) (table 4.3). 

 

Table 4.3: 1H (500 MHz), 13C (125 MHz) and HMBC NMR data of Compound (91) compared 

to the literature 1H and 13C NMR data of myricetin 

Position Isolated myricetin (CD3OD) Published NMR for myricetin  

((DMSO-d6) 

 (1H, 500 MHz 13C, 125 MHz) 76 

Isolated 

myricetin 

(CD3OD) 

 δC
 δH (m, J in Hz, 

no of hydrogens) 

δC
 δH (m, J in Hz, no of 

hydrogens) 

HMBC 

correlation 

2 145.5  146.8   

3 136.5  135.9   

4 178.3  175.7   

5 161.8  160.7   

6 98.4 6.22, d, J = 2.09 

Hz, 1H 

98.2 6.18, d, J = 2.40 Hz, 

1H 

C8, C10, C5 

7 164.5  164.1   

8 93.3 6.39, d, J = 2.17 

Hz, 1H 

93.2 6.37, d, J = 1.8 Hz, 

1H 

C6, C10, C9, C7 

9 157.1  156.1   

10 102.2  102.9   

1' 120.5  120.7   

2'6' 108.1 6.97, s, 2H 107.1 7.24, s, 2H C2, C6', C1', C3', 

C5' 

3' 145.5  145.7   

4' 134.9  135.8   

5' 145.5  145.7   

 

Myricetin was first isolated from the bark of the Myrica nagi and subsequently was found to 

be present in the leaves of Rhus coriaria, Rhus cotinus, Rhus metopium and Myrica gale 77. 

This is the first report of its isolation from S. birrea.  
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4.3.10.2 Myricetin-3-O-β-D-glucuronide (92) 

 

Compound 92 was isolated as a light-yellow solid and was identified as myricetin-3-O-β-D-

glucuronide by the interpretation of the NMR spectroscopy, mass data and comparison to 

literature data.78 The molecular formula of the compound is C21H19O14 as deduced from its 

monoprotonated molecular ion at m/z 495.0886 [M+H]+ (calculated for C21H19O14, m/z 

495.0775, M+H) based on the QTOF mass spectrum with thirteen degrees of unsaturation. The 

13C-NMR spectrum showed the presence of twenty-one carbon signals which were assigned as 

nine methines (four aromatic methines and five glucuronic acid methines) and twelve 

quaternary carbons (one carbonyl, one carboxylic acid, six O-bearing, four aliphatic) as 

deduced from its DEPT spectrum. The 1H NMR spectrum showed the presence of four aromatic 

protons (δH 6.21-7.29). Two protons resonating at δH 6.21 (1H, d, J = 2.05 Hz, H-6) and δH 

6.39 (1H, d, J = 2.00 Hz,  H-8) consistent with the meta coupled protons at H-6 and H-8 

positions on the A-ring and a signal at δH  7.29 (2H, s, H-2', H-6') indicating the presence of 

two protons at 2'and 6' positions appearing as a singlet due to their para substituted ring B 

which led to their symmetrical pattern. Similar signals were observed for compound 92. 

Additional signals were observed in the carbon and proton NMR for the sugar moiety. A 

sequential trans-1,2-diaxial relationship of H-1''- H-5'' (δH 5.39-3.49, J = 7.9-9.6 Hz) indicated 

the presence of a β-D-glucuropyranosyl moiety.79 Attachment of the sugar moiety to the 

flavonoid skeleton at δC 134.1 (C-3) was confirmed from the HMBC correlation of the 

anomeric proton signal at δH 5.39 (H-1'') with δC 134.1 (C-3) of ring C in the myricetin 

aglycone. Furthermore, HMBC correlation was observed in the sugar moiety between δH 3.49-

3.61  (H-2'') with δC 71.6 (C-4''), δH 3.49-3.61 (H-3'') with δC 104.2 (C-1'') and δC 171.7 (C-6''), 

δH 3.75 (H-5'') with δC 104.2 (C-1''), δC 71.6 (C-4'') and δC 171.7 (C-6''). This supported their 

assignments. All the other HMBC correlations observed were similar to those in compound 92.  

 

COSY correlation was observed between δH 5.39 (H-1'') and δH 3.49-3.61 (H-2'') which 

confirmed that they were adjacent to each other. This supported their assignment. The 

downfield chemical shift of the anomeric proton H-1'' (δH 5.39) suggests that it was between 

two oxygens. The relative configuration at the anomeric position was deduced from the 1H 

NMR spectrum by analyzing the coupling constant at H-1''(J = 7.88 Hz) which established the 

configuration as a axial-configuration. The structure of compound 92 is shown in figure 4.16, 

and the selected HMBC correlations are shown in figure 4.17. 
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Figure 4.16: Chemical structure of myricetin-3-O-β-D-glucuronide (92). 
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Figure 4.17: Selected HMBC correlation of myricetin-3-O-β-D-glucuronide (92). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

myricetin-3-O-β-D-glucuronide (92) (table 4.4). 

 

Table 4.4: 1H (500 MHz), 13C (125 MHz) and HMBC NMR data of Compound (92) compared 

to the literature 1H and 13C NMR data of myricetin-3-O-β-D-glucuronide 

Position Isolated myricetin-

3-O-β-D-

glucuronide 

(CD3OD) 

Published NMR for 

myricetin-3-O-β-D-

glucuronide  

((DMSO-d6) 

 (1H, 500 MHz 13C, 

125 MHz) 78 

Isolated myricetin-

3-O-β-D-

glucuronide 

(CD3OD) 

Isolated 

myricetin-3-O-

β-D-

glucuronide 

(CD3OD) 

HMBC correlation 
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 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC
 δH (m, J in 

Hz, no of 

hydrogens) 

HMBC correlation COSY 

correlation 

2 157.5  156.2    

3 134.1  133.2    

4 177.8  177.1    

5 161.7  161.2    

6 98.5 6.21, d, J = 

2.05 Hz, 

1H 

98.7 6.20, d, J = 

1.90 Hz, 

1H 

C5, C7, C8, C10  

7 164.6  164.2    

8 93.2 6.39, d, J = 

2.00 Hz, 

1H 

93.4 6.38, d, J = 

1.90 Hz, 

1H 

C6, C7, C9, C10  

9 157.0  156.2    

10 102.7  101.1    

1' 120.3  119.7    

2', 6' 108.5 7.29, s, 2H 108.5 7.28, s, 2H C2, C1', C2',  C3', 

C4', C5' 

 

3' 145.0  145.4    

4' 136.7  136.8    

5' 145.0  145.4    

1'' 104.2 5.39, d, J = 

7.88 Hz, 

1H 

103.8 5.36, d, J = 

7.60 Hz, 

1H 

C3 H-2'' 

2'' 73.9 3.49-3.61, 

m, 3H 

73.6 3.66-3.43, 

m, 3H 

C4''  

3'' 76.3 3.49-3.61, 

m, 3H 

76.0 3.66-3.43, 

m, 3H 

C1'', C3'', C6''  

4'' 71.6 3.49-3.61, 

m, 3H 

71.2 3.66-3.43, 

m, 3H 

  

5'' 75.8 3.75, d, J = 

9.68 Hz, 

1H 

75.9 3.77, d, J = 

9.50 Hz, 

1H 

C1'', C4'', C6''  
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6'' 171.7  169.8    

 

Myricetin-3-O-β-D-glucuronide, a glucuronide conjugate of myricetin was isolated for the first 

time from the leaves of Schinus terebinthifolius Raddi and then from other sources including 

the leaves of Epilobium angustifolium 80, the leaves of Cyclocarya paliurus 81.This is the first 

report of its isolation from S. birrea 

 

4.3.10.3 Quercetin-3-O-β-D-glucuronide (93) 

 

Compound 93 was isolated as a light-yellow solid and identified as quercetin-3-O-β-D-

glucuronide by the interpretation of NMR spectroscopy, mass data and previously published 

studies.78 The molecular formula of the compound is C21H18O13 as deduced from its 

monoprotonated molecular ion at m/z 479.0952 [M+H]+ (calculated for C21H18O13, m/z 

479.0826, M+H) based on the QTOF mass spectrum with thirteen degrees of unsaturation. The 

13C NMR spectrum showed the presence of twenty-one carbon signals which were assigned as 

ten methine groups (five aromatic methines and five glucuronic acid methine) and eleven 

quaternary carbons (one carbonyl, one carboxylic acid, five O-bearing and four aliphatic) as 

deduced from its DEPT spectrum. The 1H NMR spectrum showed signals corresponding to 

five aromatic protons (δH 6.10-7.78). Two proton signals at δH 6.10 (1H, d, J = 2.05 Hz, H-6) 

and 6.30 (1H, d, J = 2.05 Hz, H-8) attributable to the A ring of quercetin which were assigned 

to H-6 and H-8 positions respectively. Additionally, three proton signals at δH 7.78 (1H, bs, H-

2'), 6.75 (1H, d, J = 8.48 Hz, H-5') and 7.44 (1H, dd, J = 2.15 and 0.78 Hz, H-6') were assigned 

to the B ring of quercetin as H-2', H-5' and H-6' respectively. These proton signals confirmed 

that the structure of the aglycone moiety was quercetin. Similar signals were observed in the 

carbon and proton NMR spectra for compound 92. The only difference between compounds 

92 and 93 is that the former has an extra proton and molecular mass oxygen which is one less 

hydroxyl group in compound 93. HMBC correlations were observed between δH 7.78 (H-2') 

and δC 125.8 (C-1'), δC 148.5 (C-4') and δC 121.5 (C-6'); between δH 6.75 (H-5') and δC 125.8 

(C-1'), δC 144.5 (C-3') and δC 121.5 (C-6') and between δH 7.44 (H-6') and δC 148.5 (C-4') and 

δC 116.4 (C-5') which supported their assignment. In addition, HMBC correlations were 

observed in the sugar moiety between δH 5.32 (H-1'') and δC 134.5 (C-3), δC 76.6 (C-3'') and δC 

76.5 (C-5''); between δH 3.38-3.49 (H-2'' and H-4'') and δC 103.9 (C-1''), δC 76.6 (C-3''), δC 73.7 

(C-4''), δC 76.5 (C-5'') and δC 174.9 (C-6'') which supported their assignment. COSY correlation 
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was observed between δH 6.75 (H-5') and δH 7.44 (H-6') showing that they were adjacent to 

each other. All the other HMBC and COSY correlations observed were similar to those in 

compound 92. The structure of compound 93 is shown in figure 4.18, and the selected HMBC 

and COSY correlations are shown in figure 4.19. 
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Figure 4.18: Chemical structure of quercetin-3-O-β-D-glucuronide (93). 
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Figure 4.19: Selected HMBC and COSY correlations of quercetin-3-O-β-D-glucuronide (93). 

 

The proposed structure was confirmed by comparing the NMR data to the literature data of 

quercetin-3-O-β-D-glucuronide (93) (table 4.5). 
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Table 4.5: 1H (500 MHz), 13C (125 MHz) and HMBC NMR data of Compound (93) compared 

to the literature 1H and 13C NMR data of quercetin-3-O-β-D-glucuronide 

Position Isolated quercetin-

3-O-β-D-

glucuronide 

(CD3OD) 

Data published for 

quercetin-3-O-β-D-

glucuronide  

((DMSO-d6) 

 (1H, 500 MHz 13C, 

125 MHz) 78 

Isolated 

quercetin-3-

O-β-D-

glucuronide 

(CD3OD) 

Isolated 

quercetin-3-

O-β-D-

glucuronide 

(CD3OD) 

Isolated 

quercetin-3-

O-β-D-

glucuronide 

(CD3OD) 

 δC
 δH (m, J in 

Hz, no of 

hydrogens) 

δC
 δH (m, J in 

Hz, no of 

hydrogens) 

HMBC 

correlation 

COSY 

Correlation 

NOESY 

correlation 

2 161.6  159.2     

3 134.5  135.5     

4 177.9  179.4     

5 164.7  163.2     

6 101.6 6.10, d, J = 

2.05 Hz, 

1H 

100.1 6.21, d, J = 

2.00 Hz, 

1H 

C5, C8, C10   

7 168.2  166.2     

8 93.3 6.30, d, J = 

2.05 Hz, 

1H 

94.9 6.40, d, J = 

2.00 Hz, 

1H 

C5, C6, C9, 

C10 

  

9 157.7  158.6     

10 104.3  105.8     

1' 125.8  123.0     

2' 114.7 7.78, bs, 

1H 

116.2 7.60-7.67, 

m, 1H 

C1', C4', C6'   

3' 144.5  146.1     

4' 148.5  150.0     

5' 116.4 6.75, d, J = 

8.48 Hz, 

1H 

117.4 6.85, d, J = 

8.48 Hz, 

1H 

C1', C3', C6' H-6'  

6' 121.5 7.44, dd, J 

= 2.15, 

123.6 7.60-7.67, 

m, 1H 

C4', C5'  H-5' 
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0.78 Hz, 

1H) 

1'' 103.9 5.32, d, J = 

7.57 Hz, 

1H 

104.4 5.34, d, J = 

7.40 Hz, 

1H 

C3 C3'', C5'' H-2'' H-5'', H-4'' 

2'' 74.1 3.38-3.49, 

m, 3H 

75.5 3.42-3.66, 

m, 3H 

C1'', C3'', 

C4'', C5'', 

C6'' 

  

3'' 76.6 3.38-3.49, 

m, 3H 

77.7 3.42-3.66, 

m, 3H 

C1'', C3'', 

C4'', C5'', 

C6'' 

  

4'' 73.7 3.38-3.49, 

m, 3H 

73.0 3.42-3.66, 

m, 3H 

C1'', C3'', 

C4'', C5'', 

C6'' 

  

5'' 76.5 3.55, d, J = 

9.7 Hz, 1H 

77.2 3.75, d, J = 

9.60 Hz, 

1H 

C1'', C4'', 

C6'' 

  

6'' 174.9  172.4     

 

Quercetin-3-O-β-D-glucuronide a glucuronide conjugate of quercetin was previously isolated 

from the leaves of Polygonum perfoliatum 82, the aerial part of Polygonum aviculare  83and 

from the leaves of Nelumbo nucifera 84. This is the first report of its isolation from S. birrea.     

               

4.3.11 The effect of the isolated compounds on glucose uptake 

 

To evaluate the glucose uptake activity of the isolated compounds (91-93), the uptake of 2-

deoxyglucose (2DG) in C2C12 myocytes was measured. Figure 4.20 shows the cellular 2-

deoxy-D-glucose uptake in C2C12 myocytes treated with compounds (91), (92) and (93) at 

different concentrations.  
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Figure 4.20: Glucose uptake activity was estimated from the cellular 2-deoxy-D-glucose 

uptake in C2C12 myocytes treated with compounds (91), (92) and (93) at 

different concentrations for 1 hour. 2-deoxy-D-glucose uptake estimated after 30 

minutes. Activity is expressed as relative % to the baseline glucose uptake 

(untreated control) set at 0% and the positive control insulin (Ins) set at 100%. P 

value * p < 0.05, ** p < 0.01 and *** p < 0.001. 

 

Significant glucose uptake was observed for compound (91) (0.1 and 10 µg/mL; 85.7 and 

109.1%, respectively), compound (92) (0.1 and 10 µg/mL; 61.6 and 88.8%, respectively) and 

compound (93) (0.1 and 10 µg/mL; 40.9 and 43.9%, respectively) compared to the treatment 

of insulin (0.1 µM; 100%). At a concentration of 10 µg/mL, compound (91) demonstrated both 

a potent and concentration-dependent stimulatory action on glucose uptake in the C2C12 

myocytes, matching that of insulin, the positive control. This suggests that these compounds 

may be able to stimulate cellular glucose uptake, at least in part by upregulating the expression 

and translocation of insulin-responsive glucose transporter 4 (GLUT 4), either via an insulin 

mimetic mechanism or via an insulin-independent mechanism(s) such as AMPK activation, 

which is largely responsible for glucose uptake in muscle and adipose tissue.55, 85 This in vitro 

result further indicated that compounds (92) and (93) are also active and responsible for 

promoting glucose uptake in differentiated C2C12 myocytes and suggest that these compounds 
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may contribute at least in part to the anti-diabetic properties of S. birrea. The phytochemistry 

of S. birrea has been extensively researched with flavonoids and flavonoid glycosides reported 

as the main classes of compounds. Flavonoids improve α-glycosidase, glucose metabolism, 

glucose transport, aldose reductase and other targeted cellular signalling networks in various 

effector cells such as pancreatic β-cells, adipocytes, hepatocytes and skeletal muscle, thereby 

exhibiting versatile anti-diabetic activities. None of the reports in the documented literature 

report on the compounds responsible for the anti-diabetic activity in S.birrea. This is the first 

report showing compounds in S. birrea that are responsible for the anti-diabetic activity, which 

is useful for commercial application since these compounds can be utilized as chemical markers 

for quality control purposes. 

 

This is the first report of the glucose uptake activity of myricetin-3-O-β-D-glucuronide (92). 

The activation of phosphoinositide 3-kinases/protein kinase B (PI3K/Akt) and the AMP-

activated protein kinase (AMPK) signal pathways by myricetin has been shown to enhance 

glucose absorption in C2C12 myotubes. By activating the AMPK signal pathway, the 

compound could help mitigate hyperinsulinemia-induced insulin resistance. This represents a 

potential pathway through which myricetin regulates glucose utilization as well as prevents 

insulin resistance. Myricetin has been shown to have a therapeutic impact in patients with 

diabetes-related cardiovascular disease.45 In the C2C12 cell line, myricetin-3-O-β-D-

glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) demonstrated considerable glucose 

absorption but the exact mechanism of action is unknown.78 86 Quercetin-3-O-β-D-glucuronide 

has previously been reported to attenuate 25 mM HG-induced suppressed nuclear factor 

erythroid 2-related factor 2 and anti-oxidant enzyme expression in mouse glomerular mesangial 

cells (MES-13).72 According to Eid et al. quercetin and its glycoside promote glucose 

absorption in skeletal muscle cells by stimulating the activation of the AMPK pathway. 51 The 

presence of sugar moiety on the flavonoid structure grants differences in physico-chemical 

properties over the aglycone. The molar mass increases, as well as its polar surface area and 

volume. The molecular structure becomes more flexible, due to the increased number of 

rotatable bonds, hydrogen bond acceptors and donors. These alterations could, on one hand, 

allow more favorable interactions with the active site of the C2C12 cell line, increasing the 

glucose uptake potential of the glycosides.87 The three active compounds (91–93) were 

tentatively identified by UPLC-QTOF-MS analysis of spray-dried aqueous leaf extract of S. 

birrea, therefore purification, structure elucidation and biological screening of these 
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compounds in glucose uptake assay confirm the presence of these compounds in this extract as 

well as their activity. 

 

4.4 Conclusion 

 

Investigation of the leaves of S. birrea, as a more sustainable resource compared to the stems 

for supplying anti-diabetic ingredients, led to the isolation and identification of one flavonoid, 

myricetin (91), and two flavonoid glycosides, myricetin-3-O-β-D-glucuronide (92) and 

quercetin-3-O-β-D-glucuronide (93). This is the first report on the isolation of myricetin-3-O-

β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) from S. birrea. All three 

compounds significantly increased the glucose uptake in differentiated C2C12 myocyte cells 

at various test concentrations, indicating that these contribute holistically and, in all likelihood, 

synergistically to the anti-diabetic activity of the extract. This is the first report of the anti-

diabetic activity of myricetin-3-O-β-D-glucuronide (92) and confirms the anti-diabetic 

properties of S. birrea, based on the in vitro glucose uptake assay, and supports the use of the 

leaves rather than the previously used stem bark to ensure sustainable harvesting for 

commercial supply of plant material. The chemical profile for the spray-dried aqueous extract 

of S. birrea leaves was developed for quality control purposes. Sixteen compounds were 

tentatively identified by UPLC-QTOF-MS analysis which are quinic acid, gallic acid, 

procyanidin B2, gallocatechin, pistafolin A, myricetin-3-O-β-D-glucuronide, quercetin-3-O-β-

D-glucuronide, epicatechin, gossypin, quercetin 3-O-(6''-galloyl)-beta-D-glucopyranoside,  

myricetin-3-O-alpha-L-rhamnopyranoside, quercetin-3-O-arabinoside, quercetin-3-O-alpha-

L-rhamnopyranoside, kaempferol-3-O-alpha-L-rhamnopyranoside, myricetin and quercetin. 

The presence of myricetin-3-O-β-D-glucuronide, quercetin-3-O-β-D-glucuronide and 

myricetin were confirmed through isolation, purification and structure elucidation using MS 

and NMR spectroscopy.  This study provides scientific data to support the commercial 

application of the aqueous extract of S. birrea leaves as an anti-diabetic ingredient. However, 

further research needs to be carried out to ascertain the structure–activity relationship and 

mechanism of action of the isolated flavonoid glycosides (myricetin-3-O-β-D-glucuronide and 

quercetin-3-O-β-D-glucuronide) to develop an innovative and effective anti-diabetic therapy. 
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Chapter 5:  General Conclusion 

The research to identify and develop new natural anti-inflammatory ingredients was conducted 

for commercial application in the cosmetic industry. Based on the traditional uses and literature 

searches, South African plants were selected and tested for efficacy. S. columbaria was 

selected, based on good anti-inflammatory efficacy data and no anti-inflammatory reports in 

the literature.  

 

After testing different extracts of S. columbaria during this Ph.D. research, the ethanol extract 

of S. columbaria roots was selected for further evaluation to identify the compound/s 

responsible for the anti-inflammatory activity and development as a potential active herbal 

ingredient. UPLC-QTOF-MS analysis of the ethanol extract of S. columbaria roots and NMR 

analysis of isolated compounds, led to the identification of compounds which include loganic 

acid (62), cantleyoside -dimethyl-acetal (63), ursolic acid (64), 2-isoursolic acid (65), 24-nor-

2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67). Significant reduction of nitric 

oxide levels in RAW 264.7 macrophages was observed for ursolic acid (64) (test 

concentrations: 12.5, 25 and 50 µg/mL; reduction by 0.0702, 0.0558 and 0.0357 

µg/mLrespectively), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) (test concentration: 12.5, 

25 and 50 µg/mL; reduction by 0.0543, 0.0327 and 0.0231 µg/mLrespectively) and 

hederagenin (67) (test concentration: 12.5 and 25 µg/mL; reduction by 0.0735 and 0.0513 

µg/mLrespectively) compared to the positive control aminoguanidine (test concentration: 12.5 

µg/mL; reduction by 0.0336 µg/mL). At concentrations of 25 and 50 µg/mL, 24-nor-2α,3β-

dihydroxyolean-4(23),12-ene (66) demonstrated a potent reduction (0.0327 and 0.0231 µg/mL) 

in nitric oxide level in RAW 264.7 macrophages. The compounds identified in the ethanol 

extract of S. columbaria roots will be used as chemical markers for quality control purposes, 

for batch-to-batch reproducibility that is required for commercializing the herbal ingredient. 

The anti-inflammatory activity of S. columbaria roots and 24-nor-2α,3β-dihydroxyolean-

4(23),12-ene (66) have been reported for the first time in this work. The active compounds 

(ursolic acid (64), 24-nor-2α,3β-dihydroxyolean-4(23),12-ene (66) and hederagenin (67)) were 

structurally similar and contained a β-hydroxy group at C-3. The compound 2-isoursolic acid 

(65) was inactive and had a hydroxy group at C-2 instead of C-3, which suggests that the 

position of the β-hydroxy group may play a role in the nitric oxide inhibition activity. A 

concentrated form of the ethanol extract of S. columbaria roots can be developed to have a 
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higher concentration of the active compounds for commercial application as an anti-

inflammatory ingredient.  

The research to identify and develop a new natural anti-diabetic ingredient was conducted as 

part of a project within the African Traditional Medicines consortium set-up by the Department 

of Science and Innovation (DSI). S. birrea was selected since the leaves and stem bark are used 

traditionally for the management of diabetes mellitus amongst other ailments. Although S. 

birrea leaf extract was reported to be active against type-2 diabetes mellitus, the compounds 

responsible for the anti-diabetic activity have not been reported and its identification will be 

useful for commercial application. This Ph.D. research was therefore conducted to identify the 

chemical compounds in S. birrea responsible for the anti-diabetic activity and to use these as 

chemical markers for quality control purposes. Of all the extracts of S. birrea tested, aqueous 

extract 4 showed statistically significant activity including at the lowest test concentration (0.01 

µg/mL) and was selected to isolate and identify the compounds responsible for the anti-diabetic 

activity (glucose uptake activity). 

 

UPLC-QTOF-MS analysis of the spray-dried aqueous leaf extracts of S. birrea (aqueous 

extracts 1 and 4) led to the tentative identification of sixteen compounds which are quinic acid 

(peak 1), gallic acid (peak 2), procyanidin B2 (peak 3), gallocatechin (peak 4), Pistafolin A 

(peak 5), epicatechin (peak 6), myricetin-3-O-β-D-glucuronide (88), gossypin (peak 8), 

quercetin-3-O-(6''-galloyl)-β-D-glucopyranoside (peak 9), myricetin-3-O-α-L-

rhamnopyranoside (peak 10), quercetin-3-O-β-D-glucuronide (89),  quercetin-3-O-

arabinoside (peak 12), quercetin-3-O-α-L-rhamnopyranoside (peak 13), kaempferol-3-O-α-L-

rhamnopyranoside (peak 14), myricetin (90) and quercetin (peak 16). The presence of 

myricetin (91), myricetin-3-O-β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) 

in the aqueous leaf extract of S. birrea was confirmed by isolation and structure elucidation of 

the compounds using MS and NMR data. Gallic acid (peak 2), myricetin-3-O-α-L-

rhamnopyranoside (peak 10), quercetin-3-O-arabinoside (peak 12) and quercetin-3-O-α-L-

rhamnopyranoside (peak 13) were previously reported to occur in S. birrea. Quinic acid (peak 

1), myricetin (90) and quercetin (peak 16) were previously reported to have anti-diabetic 

activity. Myricetin-3-O-β-D-glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) have 

not been previously reported to occur in S. birrea. Myricetin (91), myricetin-3-O-β-D-

glucuronide (92) and quercetin-3-O-β-D-glucuronide (93) significantly increased the glucose 

uptake in differentiated C2C12 myocyte cells at different test concentrations; myricetin (91) 

(0.1 and 10 µg/mL; 85.7 and 109.1%, respectively), myricetin-3-O-β-D-glucuronide (92) (0.1 
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and 10 µg/mL; 61.6 and 88.8%, respectively) and quercetin-3-O-β-D-glucuronide (93) (0.1 and 

10 µg/mL; 40.9 and 43.9%, respectively) compared to the treatment of insulin (0.1 µM; 100%).  

 

At a concentration of 10 µg/mL, myricetin (91) demonstrated both a potent and concentration-

dependent stimulatory action on glucose uptake in the C2C12 myocytes, matching that of 

insulin, the positive control. Myricetin-3-O-β-D-glucuronide (92) has not been previously 

reported to have anti-diabetic activity, and the combination of this compound with other known 

anti-diabetic compounds in S. birrea contributes to the plant’s anti-diabetic efficacy. These 

anti-diabetic compounds will be used as chemical markers for quality control purposes required 

for commercializing the herbal ingredient. This study provides scientific data to support the 

commercial application of the aqueous extract of S. birrea leaves as an anti-diabetic ingredient.  

 

The overall goal of the project was achieved by identifying new active ingredients, and 

compounds responsible for the biological efficacy to be used as chemical markers for 

commercial application. This research provides scientific evidence on the value of South 

African plant biodiversity as a continued source of biologically active ingredients, and the 

indigenous knowledge on the use of medicinal plants proves to be beneficial for developing 

ingredients and products for the different market sectors.  
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SUPPLEMENTARY DATA 

 

 

Supplementary data 1: MS and MS/MS data of harpagide (30) in the acetone extract of S. 

columbaria leaves. 

 

 

 

Supplementary data 2: iFit value of harpagide (30) in the acetone extract of S. columbaria 

leaves. 
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Supplementary data 3: MS and MS/MS data of 10-hydroxyloganin (31) in the acetone extract 

of S. columbaria leaves. 

 

 

 

Supplementary data 4: iFit value of 10-hydroxyloganin (31) in the acetone extract of S. 

columbaria leaves. 
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Supplementary data 5: MS and MS/MS data of forsythiaside (32) in the acetone extract of S. 

columbaria leaves. 

 

 

 

Supplementary data 6: iFit value of forsythiaside (32) in the acetone extract of S. columbaria 

leaves. 
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Supplementary data 7: MS and MS/MS data of epicatechin (33) in the acetone extract of C. 

pyracanthoides stem bark. 

 

 

Supplementary data 8: iFit value of epicatechin (33) in the acetone extract of C. 

pyracanthoides stem bark. 
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Supplementary data 9: MS and MS/MS data of procyanidin B2 (34) in the acetone extract of 

C. pyracanthoides stem bark. 

 

 

 

Supplementary data 10: iFit value of procyanidin B2 (34) in the acetone extract of C. 

pyracanthoides stem bark. 
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Supplementary data 11: MS and MS/MS data of dihydrokaempferol (35) in the acetone 

extract of C. pyracanthoides stem bark. 

 

 

 

Supplementary data 12: iFit value of dihydrokaempferol (35) in the acetone extract of C. 

pyracanthoides stem bark. 
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Supplementary data 13: MS and MS/MS data of dihydroquercetin (36) in the acetone extract 

of C. pyracanthoides stem bark. 

 

 

 

Supplementary data 14: iFit value of dihydroquercetin (36) in the acetone extract of C. 

pyracanthoides stem bark. 

 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



237 
 

 

Supplementary data 15: MS and MS/MS data of naringenin (37) in the acetone extract of C. 

pyracanthoides stem bark. 

 

 

 

Supplementary data 16: iFit value of naringenin (37) in the acetone extract of C. 

pyracanthoides stem bark. 
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Supplementary data 17: MS and MS/MS data of kaempferol (38) in the acetone extract of C. 

pyracanthoides stem bark. 
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Supplementary data 18: iFit value of kaempferol (38) in the acetone extract of C. 

pyracanthoides stem bark. 

 

 

 

Supplementary data 19: MS and MS/MS data of p-coumaric acid (39) in the acetone extract 

of P. capitatum leaves. 

 

 

 

Supplementary data 20: iFit value of p-coumaric acid (39) in the acetone extract of P. 

capitatum leaves. 
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Supplementary data 21: MS and MS/MS data of quercetin-3-O-sophoroside (40) in the 

acetone extract of P. capitatum leaves. 

 

 

 

Supplementary data 22: iFit value of quercetin-3-O-sophoroside (40) in the acetone extract 

of P. capitatum leaves. 
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Supplementary data 23: MS and MS/MS data of rutin (41) in the acetone extract of P. 

capitatum leaves. 

 

 

 

Supplementary data 24: iFit value of rutin (41) in the acetone extract of P. capitatum leaves. 
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Supplementary data 25: MS and MS/MS data of quercimeritrin (42) in the acetone extract of 

P. capitatum leaves. 

 

 

 

Supplementary data 26: iFit value of quercimeritrin (42) in the acetone extract of P. 

capitatum leaves. 
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Supplementary data 27: MS and MS/MS data of quercetin-3-O-alpha-L-arabinopyranside 

(43) in the acetone extract of P. capitatum leaves. 

 

 

 

 

Supplementary data 28: iFit value of quercetin-3-O-alpha-L-arabinopyranside (43) in the 

acetone extract of P. capitatum leaves. 
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Supplementary data 29: MS and MS/MS data of orientin (44) in the acetone extract of P. 

capitatum leaves. 

 

 

 

Supplementary data 30: iFit value of orientin (44) in the acetone extract of P. capitatum 

leaves. 
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Supplementary data 31: MS and MS/MS data of citronellic acid (45) in the acetone extract 

of P. capitatum leaves. 

 

 

 

Supplementary data 32: iFit value of citronellic acid (45) in the acetone extract of P. 

capitatum leaves. 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



246 
 

 

Supplementary data 33: MS and MS/MS data of loganic acid (53) in the ethanol extract of S. 

columbaria roots. 

 

 

 

Supplementary data 34: iFit value of loganic acid (53) in the ethanol extract of S. columbaria 

roots. 
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Supplementary data 35: MS and MS/MS data of scrophuloside A1 (peak 2) in the ethanol 

extract of S. columbaria roots. 

 

 

 

Supplementary data 36: iFit value of scrophuloside A1 (peak 2) in the ethanol extract of S. 

columbaria roots. 
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Supplementary data 37: MS and MS/MS data of 3,4-dicaffeoylquinic acid (peak 3) in the 

ethanol extract of S. columbaria roots. 

 

 

 

Supplementary data 38: iFit value of 3,4-dicaffeoylquinic acid (peak 3) in the ethanol extract 

of S. columbaria roots.  
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Supplementary data 39: MS and MS/MS data of cantleyoside (peak 4) in the ethanol extract 

of S. columbaria roots.  

 

 

Supplementary data 40: iFit value of cantleyoside (peak 4) in the ethanol extract of S. 

columbaria roots.  
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Supplementary data 41: MS and MS/MS data of sylvestroside III (peak 5) in the ethanol 

extract of S. columbaria roots. 

  

 

 

Supplementary data 42: iFit value of sylvestroside III (peak 5) in the ethanol extract of S. 

columbaria roots.  
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Supplementary data 43: MS and MS/MS data of triplostoside A (54) in the ethanol extract of 

S. columbaria roots.  

 

 

Supplementary data 44: iFit value of triplostoside A (54) in the ethanol extract of S. 

columbaria roots.  
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Supplementary data 45: MS and MS/MS data of hederagenin (55) in the ethanol extract of S. 

columbaria roots. 

  

 

 

Supplementary data 46: iFit value of hederagenin (55) in the ethanol extract of S. columbaria 

roots.  
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Supplementary data 47: MS and MS/MS data of 2-isoursolic acid (56) in the ethanol extract 

of S. columbaria roots. 

  

 

 

Supplementary data 48: iFit value of 2-isoursolic acid (56) in the ethanol extract of S. 

columbaria roots.  
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Supplementary data 49: MS and MS/MS data of glycyrrhetaldehyde (peak 10) in the ethanol 

extract of S. columbaria roots. 

  

 

 

Supplementary data 50: iFit value of glycyrrhetaldehyde (peak 10) in the ethanol extract of 

S. columbaria roots.  

 

 

. 
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Supplementary data 51: MS and MS/MS data of pomaceic acid (57) in the ethanol extract of 

S. columbaria roots. 

  

 

 

Supplementary data 52: iFit value of pomaceic acid (57) in the ethanol extract of S. 

columbaria roots.  
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Supplementary data 53: MS and MS/MS data of euscaphic acid (58) in the ethanol extract of 

S. columbaria roots. 

  

 

 

Supplementary data 54: iFit value of euscaphic acid (58) in the ethanol extract of S. 

columbaria roots. 
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Supplementary data 55: MS and MS/MS data of quinic acid (peak 1)  in the aqueous extract 

of S. birrea leaves. 

  

 

Supplementary data 56: iFit value of quinic acid (peak 1) in the aqueous extract of S. birrea 

leaves.  
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Supplementary data 57: MS and MS/MS data of gallic acid (peak 2) in the aqueous extract 

of S. birrea leaves.  

 

 

Supplementary data 58: iFit value of gallic acid (peak 2) in the aqueous extract of S. birrea 

leaves.  
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Supplementary data 59: MS and MS/MS data of procyanidin B2 (peak 3) in the aqueous 

extract of S. birrea leaves. 

  

 

Supplementary data 60: iFit value of procyanidin B2 (peak 3) in the aqueous extract of S. 

birrea leaves. 
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Supplementary data 61: MS and MS/MS data of gallocatechin (peak 4) in the aqueous extract 

of S. birrea leaves. 

  

 

Supplementary data 62: iFit value of gallocatechin (peak 4) in the aqueous extract of S. birrea 

leaves. 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



261 
 

 

Supplementary data 63: MS and MS/MS data of pistafolin A (peak 5) in the aqueous extract 

of S. birrea leaves.  

 

Supplementary data 64: iFit value of pistafolin A (peak 5) in the aqueous extract of S. birrea 

leaves.  
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Supplementary data 65: MS and MS/MS data of epicatechin (peak 6) in the aqueous extract 

of S. birrea leaves. 

 

 

 

Supplementary data 66: iFit value of epicatechin (peak 6) in the aqueous extract of S. birrea 

leaves.  
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Supplementary data 67: MS and MS/MS data of myricetin 3-O-β-D-glucuronide (88) in the 

aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 68: iFit value of myricetin 3-O-β-D-glucuronide (88) in the aqueous 

extract of S. birrea leaves. 
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Supplementary data 69: MS and MS/MS data of gossypin (peak 8) in the aqueous extract of 

S. birrea leaves. 

 

 

Supplementary data 70: iFit value of gossypin (peak 8) in the aqueous extract of S. birrea 

leaves.  
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Supplementary data 71: MS and MS/MS data of quercetin 3-O-(6''-galloyl)-Beta-D-

glucopyranoside (peak 9) in the aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 72: iFit value of quercetin 3-O-(6''-galloyl)-Beta-D-glucopyranoside 

(peak 9) in the aqueous extract of S. birrea leaves.  
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Supplementary data 73: MS and MS/MS data of myricetin-3-O-alpha-L-rhamnopyranoside 

(peak 10) in the aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 74: iFit value of myricetin-3-O-alpha-L-rhamnopyranoside (peak 10) in 

the aqueous extract of S. birrea leaves.  
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Supplementary data 75: MS and MS/MS data of quercetin-3-O-beta-D-glucuronide (89) in 

the aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 76: iFit value of quercetin-3-O-beta-D-glucuronide (89) in the aqueous 

extract of S. birrea leaves.  
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Supplementary data 77: MS and MS/MS data of quercetin-3-O-arabinoside (peak 12) in the 

aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 78: iFit value of quercetin-3-O-arabinoside (peak 12) in the aqueous 

extract of  S. birrea leaves.  
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Supplementary data 79: MS and MS/MS data of quercetin-3-O-alpha-L-rhamnopyranoside 

(peak 13) in the aqueous extract of S. birrea leaves. 

 

 

 

Supplementary data 80: iFit value of quercetin-3-O-alpha-L-rhamnopyranoside (peak 13) in 

the aqueous extract of  S. birrea leaves. 
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Supplementary data 81: MS and MS/MS data of kaempferol-3-O-alpha-L-rhamnopyranoside 

(peak 14) in the aqueous extract of S. birrea leaves. 

 

 

Supplementary data 82: iFit value of kaempferol-3-O-alpha-L-rhamnopyranoside (peak 14) 

in the aqueous extract of S. birrea leaves.  
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Supplementary data 83: MS and MS/MS data of myricetin (90) in the aqueous extract of S. 

birrea leaves. 

 

 

Supplementary data 84: iFit value of myricetin (90) in the aqueous extract of S. birrea leaves.  
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Supplementary data 85: MS and MS/MS data of quercetin (peak 16) in the aqueous extract 

of S. birrea leaves. 

 

 

 

Supplementary data 86: iFit value of quercetin (peak 16) in the aqueous extract of S. birrea 

leaves. 
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Supplementary data 87: 1H NMR spectrum of loganic acid (62) in CD3OD. 

 

 

Supplementary data 88: 13C NMR spectrum of loganic acid (62) in CD3OD. 
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Supplementary data 89: 1H-1H COSY NMR spectrum of loganic acid (62) in CD3OD. 

 

 

Supplementary data 90: DEPT-90 NMR spectrum of loganic acid (62) in CD3OD.  
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Supplementary data 91: DEPT-135 NMR spectrum of loganic acid (62) in CD3OD.  
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Supplementary data 92: 1H-13C HMBC NMR spectrum of loganic acid (62) in CD3OD. 
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Supplementary data 93: 1H-13C HSQC NMR spectrum of loganic acid (62) in CD3OD. 
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Supplementary data 94: 1H NMR spectrum of cantleyoside-dimethyl-acetal (63) in CD3OD. 

 

 

Supplementary data 95: 13C NMR spectrum of cantleyoside-dimethyl-acetal (63) in CD3OD. 
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Supplementary data 96: 1H-1H COSY NMR spectrum of cantleyoside-dimethyl-acetal (63) 

in CD3OD. 
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Supplementary data 97: DEPT-90 NMR spectrum of cantleyoside-dimethyl-acetal (63) in 

CD3OD.  
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Supplementary data 98: DEPT-135 NMR spectrum of cantleyoside-dimethyl-acetal (63) in 

CD3OD.  
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Supplementary data 99: 1H-13C HMBC NMR spectrum of cantleyoside-dimethyl-acetal (63) 

in CD3OD. 
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Supplementary data 100: 1H-13C HSQC NMR spectrum of cantleyoside-dimethyl-acetal (63) 

in CD3OD. 
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Supplementary data 101: 1H NMR spectrum of ursolic acid (64) in CDCl3. 

 

 

Supplementary data 102: 13C NMR spectrum of ursolic acid (64) in CDCl3. 
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Supplementary data 103: 1H-1H COSY NMR spectrum of ursolic acid (64) in CDCl3. 
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Supplementary data 104: DEPT-90 NMR spectrum of ursolic acid (64) in CDCl3. 

 

 

Supplementary data 105: DEPT-135 NMR spectrum of ursolic acid (64) in CDCl3. 
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Supplementary data 106: 1H-13C HMBC NMR spectrum of ursolic acid (64) in CDCl3. 
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Supplementary data 107: 1H-13C HSQC NMR spectrum of ursolic acid (64) in CDCl3. 
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Supplementary data 108: 1H NMR spectrum of 2-isoursolic acid (65) in DMSO-d6. 
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Supplementary data 109: 13C NMR spectrum of 2-isoursolic acid (65) in DMSO-d6. 
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Supplementary data 110: 1H-1H COSY NMR spectrum of 2-isoursolic acid (65) in DMSO-

d6. 
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Supplementary data 111: DEPT-90 NMR spectrum of 2-isoursolic acid (65) in DMSO-d6. 
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Supplementary data 112: DEPT-135 NMR spectrum of 2-isoursolic acid (65) in DMSO-d6. 
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Supplementary data 113: 1H-13C HMBC NMR spectrum of 2-isoursolic acid (65) in DMSO-

d6. 
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Supplementary data 114: 1H-13C HSQC NMR spectrum of 2-isoursolic acid (65) in DMSO-

d6. 
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Supplementary data 115: 1H NMR spectrum of 24-nor-2α,3β-dihydroxyolean-4(23)-12-ene 

(66) in CDCl3. 
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Supplementary data 116: 13C NMR spectrum of 24-nor-2α,3β-dihydroxyolean-4(23)-12-ene 

(66) in CDCl3. 

 

 

Supplementary data 117: 1H-1H COSY NMR spectrum of 24-nor-2α,3β-dihydroxyolean-

4(23)-12-ene (66) in CDCl3. 
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Supplementary data 118: DEPT-135 NMR spectrum of 24-nor-2α,3β-dihydroxyolean-4(23)-

12-ene (66) in CDCl3. 

 

 

Supplementary data 119: 1H-13C HMBC NMR spectrum of 24-nor-2α,3β-dihydroxyolean-

4(23)-12-ene (66) in CDCl3. 
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Supplementary data 120: 1H-13C HSQC NMR spectrum of 24-nor-2α,3β-dihydroxyolean-

4(23)-12-ene (66) in CDCl3. 

 

 

Supplementary data 121: 1H NMR spectrum of hederagenin (67) in CDCl3. 
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Supplementary data 122: 13C NMR spectrum of hederagenin (67) in CDCl3. 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



301 
 

 

Supplementary data 123: 1H-1H COSY NMR spectrum of hederagenin (67) in CDCl3. 
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Supplementary data 124: DEPT-135 NMR spectrum of hederagenin (67) in CDCl3. 
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Supplementary data 125: 1H-13C HMBC NMR spectrum of hederagenin (67) in CDCl3. 
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Supplementary data 126: 1H-13C HSQC NMR spectrum of hederagenin (67) in CDCl3. 
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Supplementary data 127: 1H NMR spectrum of myricetin (91) in CD3OD. 
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Supplementary data 128: 13C NMR spectrum of myricetin (91) in CD3OD. 
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Supplementary data 129: 1H-1H COSY NMR spectrum of myricetin (91) in CD3OD. 
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Supplementary data 130: 1H-13C HMBC NMR spectrum of myricetin (91) in CD3OD. 
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Supplementary data 131: 1H-13C HSQC NMR spectrum of myricetin (91) in CD3OD. 
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Supplementary data 132: 1H NMR spectrum of myricetin-3-O-β-D-glucuronide (92) in 

CD3OD. 
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Supplementary data 133: 13C NMR spectrum of myricetin-3-O-β-D-glucuronide (92) in 

CD3OD. 
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Supplementary data 134: 1H-1H COSY NMR spectrum of myricetin-3-O-β-D-glucuronide 

(92) in CD3OD. 
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Supplementary data 135: 1H-13C HMBC NMR spectrum of myricetin-3-O-β-D-glucuronide 

(92) in CD3OD. 
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Supplementary data 136: 1H-13C HSQC NMR spectrum of myricetin-3-O-β-D-glucuronide 

(92) in CD3OD. 
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Supplementary data 137: 1H NMR spectrum of quercetin-3-O-β-D-glucuronide (93) in     

CD3OD. 
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Supplementary data 138: 13C NMR spectrum of quercetin-3-O-β-D-glucuronide (93) in     

CD3OD. 
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Supplementary data 139: DEPT-135 NMR spectrum of quercetin-3-O-β-D-glucuronide (93) 

in CD3OD. 
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Supplementary data 140: 1H-13C HMBC NMR spectrum of quercetin-3-O-β-D-glucuronide 

(93) in CD3OD. 
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Supplementary data 141: 1H-13C HSQC NMR spectrum of quercetin-3-O-β-D-glucuronide 

(93) in CD3OD. 
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