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Abstract 

Indigenous medicine is a common form of healthcare in the rural parts of Africa, South Africa 

not excluded. Traditional healers have ethnomedicinal reports documented or passed from 

one generation to another by word of mouth. This knowledge is used for treating diverse 

ailments in their communities. Some of the medicinal plants used by South African rural 

dwellers are Rhynchosia minima (L.) DC. var prostrata (Fabaceae) and Phragmites mauritianus 

Kunth (Poaceae). This study sought to identify, isolate and characterize potential bioactive 

compounds from the leaves of R. minima and the culm of P. mauritianus provided by a 

traditional healer. 

The leaves of Rhynchosia minima were extracted sequentially with hexane, dichloromethane, 

ethyl acetate and methanol. Phytochemical study of the dichloromethane, ethyl acetate and 

methanol extracts led to the isolation of eight compounds, including six flavonoids, a 

norisoprenoid and a cyclitol. These were vitexin, isovitexin, isoorientin, pinitol, loliolide, 

tectorigenin, ayanin and quercetin. The structures of the compounds were elucidated on the 

basis of their 1D and 2D NMR and HRESIMS data. The observed data were also compared to 

values reported in literature. Seven of the eight isolated compounds were reported for the 

first time in this plant. The extracts obtained had activities ranging from weak to moderate 

antifungal activity. The hexane extract with an MIC of 312.50 µg/mL had the best activity 

against C. albicans while the hexane, dichloromethane and methanol extracts had similar 

moderate activities against C. neoformans with an MIC value of 625.00 µg/mL. The antifungal 

assay revealed that the minimum concentration of pinitol, loliolide, ayanin and quercetin to 

inhibit the growth of Candida albicans were 125.00, 6.25, 62.50, and 6.25 µg/mL, respectively. 

Loliolide and quercetin had similar activities to the positive control, amphotericin B. Against 
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Cryptococcus neoformans, loliolide and quercetin with minimum inhibitory concentration 

(MIC) of 6.25 µg/mL had more potent activities than amphotericin B (MIC = 12.50 µg/mL). 

Pinitol and ayanin (MIC = 125.00 µg/mL) exhibited weak activities against C. neoformans.  

The dichloromethane and ethyl acetate extracts of R. minima were chemically profiled with 

UPLC-QTOF-MS. This led to the identification of thirty-three compounds, including flavonoids, 

glycosides, norisoprenoids, fatty acids and polyols, in the positive and negative electrospray 

ionization modes. The chemical constituents were identified by their exact masses, 

fragmentation patterns and comparison using online natural product databases. 

The phytochemistry of Phragmites mauritianus was investigated for the first time, and this 

yielded six phenolic compounds, trans-p-coumaric acid, vanillic acid, p-hydroxybenzaldehyde, 

syringaldehyde, cis-p-coumaric acid, vanillin and a lignan, 4-ketopinoresinol. Four of the 

isolated compounds have never been isolated from the Phragmites genus. The isolated 

compounds could not be screened biologically due to the quantity isolated or rapid 

decomposition. More compounds need to be isolated from this plant and screened for 

bioactivity.  

The biological activities displayed by the isolated compounds, alongside those reported in 

literature, warrant further investigation into their development as bioactive agents. 
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Chapter 1 Background and project overview 

1.1 Introduction 

Humans have used plants since time immemorial for various ailments1-3. Some parts of the 

world still depend on traditional medicines sourced from plants for healthcare purposes4. 

Approximately 250,000 species of higher plants exist on earth; about 10% have been 

phytochemically investigated5. Studies of previously investigated plants still lead to 

identifying and isolating novel bioactive compounds that might possess drug-like potential. 

China has been one of the world leaders in the use of natural remedies for healing6. One of 

the well-known Chinese folk remedies used in treating diseases is the root of Panax ginseng. 

The extract of Ginkgo biloba is another popular folk drug among the Chinese, which they claim 

improves memory and sharpens mental alertness7. Studies have revealed that ginkgolides are 

some of the major constituents and possess platelet-activating factor antagonistic effects8. 

Some of the earliest plant-derived substances, which are still in use today, are poppy juice 

from Papaver somniferum, liquorice (root extract of Glycyrrhiza glabra), myrrh resin from 

Commiphora species (myrrh), the oils of Cedrus species (cedar) and Cupressus sempevirens 

(cypress)9, 10. They are used to treat illnesses ranging from parasitic infections and 

inflammation to cough and cold. Pharmacological studies of medicinal plants used by early 

traditional healers yielded some of the early drugs such as aspirin (1.1), morphine (1.2), 

codeine (1.3), digitoxin (1.4) and quinine (1.5); some of which are still in use (Figure 1-1)11, 12.  
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Figure 1-1: Structures of some popular early drugs 

 

In the early 19th century, morphine (1.2) was isolated as the active agent in opium poppy, and 

this spurred the development of etorphine (1.6) (Figure 1-2), codeine (1.3) and other potent 

analgesics, via derivatization. It also inspired the synthesis of analogues such as morphinanes 

and benzomorphanes. Quinine (1.5) was isolated from the bark of the Cinchona species in 

1820, even though the local people of the Amazon region had long used it to treat fever13. 

Quinine (1.5) inspired the synthesis of popular antimalarial drugs like chloroquine (1.7) and 

mefloquine (1.8) (Figure 1-2).  
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Figure 1-2: Structures of some popular drugs from natural and synthetic origins 

 

A thorough search for plant-based natural compounds with antimalarial activity in the 1960s 

led to the discovery of artemisinin (1.9) (Figure 1-3). Artemisinin was isolated by the Chinese 

phytochemist Tu from the plant Artemisia annua. Tu and her group relied on the reports of 

Chinese traditional healers to guide them in their quest to obtain a bioactive extract. She had 

difficulties initially but made a breakthrough when a diethyl ether extract showed 100% 

efficacy against malaria in animal models14.  

 

Figure 1-3: Structure of artemisinin, isolated from Artemisia annua 

 

About 80% of drug substances were either natural products or inspired by a natural product 

before technology led to the development of high-throughput screening15. A recent review 

by Newman and Cragg16 revealed that 32.6% of the 1881 new small-molecule drugs approved 

between January 1981 to September 2019 were either natural products or natural product 
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derivatives obtained by semi-synthesis. Furthermore, 14.2% of the new drugs were made by 

total synthesis with a natural product as the pharmacophore and others were made to mimic 

natural products. This and many more serve to underscore the great influence of natural 

products on drug discovery.  

Natural products exhibit diverse biological activity, making them a potent source of drug 

leads15, 17. Natural products possess features that have been optimized by evolution to serve 

biological functions, such as binding to specific target proteins or biomolecules; this could be 

because they are produced by nature18. In contrast to synthetic compounds, natural products 

offer unique properties that confer benefits and limitations in drug discovery. Structural 

complexities and a great diversity in their scaffold and chemical structures are the defining 

peculiarities of natural products. According to Atanasov et al.19ΣάƴŀǘǳǊŀƭ ǇǊƻŘǳŎǘǎ ǘȅǇƛŎŀƭƭȅ 

have a higher molecular mass, a larger number of sp3 carbon atoms and oxygen atoms but 

fewer nitrogen and halogen atoms, higher numbers of hydrogen-bond acceptors and donors, 

lower calculated octanol-water partition coefficients (cLogP values, indicating higher 

ƘȅŘǊƻǇƘƛƭƛŎƛǘȅύ ŀƴŘ ƎǊŜŀǘŜǊ ƳƻƭŜŎǳƭŀǊ ǊƛƎƛŘƛǘȅ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǎȅƴǘƘŜǘƛŎ ŎƻƳǇƻǳƴŘ ƭƛōǊŀǊƛŜǎέΦ 

Furthermore, compared to synthetic compounds, natural products have more stereogenic 

centres and fused rings with fewer aromatic rings and rotatable bonds20. These confer them 

with a rigid, non-flat and three-dimensional structure that could increase their chance of 

clinical success as drug candidates21. Many natural products Řƻ ƴƻǘ ŎƻƴŦƻǊƳ ǘƻ [ƛǇƛƴǎƪƛΩǎ ǊǳƭŜ 

of five; however, this is similar to what is observed in drugs, as evidenced by the increase of 

approved high molecular weight candidates22, 23.  

Despite the challenges posed by natural products chemistry, some of which have been 

remedied by the advances in separation techniques and structure elucidation, natural 



5 
 
 

products are an obvious place to start in the quest and search for novel drugs to treat 

infectious diseases24. Isolation and characterization of bioactive compounds from medicinal 

plants continue to date and will continue to be relevant in drug discovery. 

Rhynchosia is native to both tropical and subtropical regions, with many species found in 

Southern Africa25. Rhynchosia minima (L.) DC. (Fabaceae) is used in treating skin diseases in 

Zambia26 and as a herbal drug for curing upper respiratory illness, swelling and joint aches in 

China27. Ethnomedicinal reports of a South African traditional healer revealed that the leaves 

are used to treat chest or heart pain. Hence, this study aimed to validate the claims of its 

traditional usage by investigating the leaf extracts and bioactive constituents against Candida 

albicans and Cryptococcus neoformans, two fungal isolates that have been identified as risk 

factors in respiratory ailments. Previous phytochemical investigation revealed that the genus 

is abundant in flavonoids and flavonoid glycosides28. This study also seeks to identify and 

isolate phytochemicals from the leaves. 

The genus Phragmites is found in the tropics and Southern Africa, with Phragmites 

mauritianus Kunth (Poaceae) being one of the three species found in Africa29. The genus is 

reportedly used to treat cold and its symptoms in China30 and diabetes in Bangladesh31. 

Ethnomedicinal report of a South African medicinal healer claims the culm (stem) is potent in 

treating cancer. Phytochemical studies32-35 of the genus have yielded phenolic compounds, 

alkaloids, lignans and flavonoids, but no studies were found in the literature on P. 

mauritianus. Hence, this study aims to isolate and characterize bioactive secondary 

metabolites from the plant. 
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1.2 Research aim and objectives 

The aim of this study was to identify, isolate and characterize potential bioactive compounds 

from Rhynchosia minima var prostrata and Phragmites mauritianus plants. 

The objectives of the study were to: 

a. Extract secondary metabolites from R. minima and P. mauritianus using solvent 

extraction techniques; 

b. Isolate the compounds with the aid of appropriate separation techniques; 

c. Characterize the isolated compounds using analytical techniques; and 

d. Screen the compounds for bioactivity. 

 

1.3 Thesis outline 

The thesis is divided into four chapters. Chapter 1 provides the background, aim and 

objectives of the study. Chapter 2 provides a literature review of R. minima, results and 

discussion, experimental sections, conclusion and references. Chapter 3 provides a literature 

review of P. mauritianus, results and discussion, experimental sections, conclusion and 

references. Chapter 4 provides the general conclusions and recommendations of the study. 

In conclusion, the supplementary data, consisting of the NMR and HRMS spectra of the 

isolated compounds and a copy of the published article, are provided in the Appendices. 
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Chapter 2 Identification and isolation of bioactive compounds from 

Rhynchosia minima var prostrata 

2.1 Rhynchosia genus and its geographical distribution 

The genus Rhynchosia, belonging to the family Fabaceae, has about 230 species, with nearly 

half of them found in Africa, and about 73 species are native to Southern Africa (Figure 2-1)1, 

2. It is the largest genus in the subtribe Cajaninae, and it is distributed in the tropics and 

subtropics3. The genus is used as pasture plants and for ornamental purposes. Rhynchosia 

species have played a significant role in traditional medicine among the plants in the Fabaceae 

family4. Several species in the genus have been used as a remedy against diverse ailments. 

 

Figure 2-1: A map of the world showing the distribution of Rhynchosia. Source: 
http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:1197938-2 

 

2.2 Ethnomedicinal uses of Rhynchosia genus 

The Adivasi tribe of the Eastern Ghats in India uses the leaves of Rhynchosia beddomei Baker 

to treat wounds, cuts, boils, and rheumatic pains5. The fresh leaves are ground, made into a 
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paste, and applied as a treatment for skin diseases6. In South Western Uganda, the people of 

Nyakayoja orally administer a macerated mixture of Rhynchosia viscosa DC. leaves, Cajanus 

cajan (L.) Druse leaves and milk to treat splenomegaly diarrhoea7. R. viscosa leaves are also 

used to induce labour and as an abortifacient8. Rhynchosia rufescens (Willd.) DC. known by 

the Mannan people of Kerala, India, as ramachempu is made into a leaf decoction and 

administered as an abortifacient9.  

The inhabitants of North Jeolla Province, Korea, make an infusion soup by boiling the seeds 

of Rhynchosia nulubilis Loureiro (Yak-Kong) with the fleshy fruit of Lagenaria leucantha Rusby, 

the hull of Diospyros kaki Thunb., leaves of Sasa borealis (Hack.) Makino, bulb of Allium 

fistulosum L. and the stem of Lonicera japonica Thunb., and it is administered orally to treat 

common cold10. The Kagera traditional healers of Tanzania use a decoction made by boiling 

the aerial parts of Rhynchosia recinosa (A. Rich.) Bak., the stem barks of Ozoroa insignis Del., 

Maytenus senegalensis (Lam) Excell., Entada abyssinica Steud. ex A. Rich. and Lannea 

schimperi (Hochst.) Engl. in peptic ulcer treatment11. The Mayo people of Sonora, Mexico, use 

the roots and seeds of Rhynchosia precatoria (Humb. & Bonpl. ex Willd.) DC. to treat 

bronchitis, asthma, arthritis, conjunctivitis, and migraine headache12. 

 

2.3 Pharmacology of Rhynchosia genus 

The extracts of R. beddomei at concentrations ranging from 500 to 10000 ppm were tested 

against seven microorganisms using the disc diffusion method, and the alcohol extracts 

exhibited no inhibitory properties against them. The petroleum ether and ethyl acetate 

extracts were active against two gram-positive and two gram-negative bacteria and a fungus5. 

The acetone and methanol extracts of the flowers of R. beddomei exhibited substantial 
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antimicrobial properties against selected bacterial and fungal strains, whereas the hexane 

extract demonstrated inconsistent results13. A broad spectrum of antimicrobial activity was 

displayed by the essential oil of Rhynchosia heynei Wight & Arn. against selected bacterial 

and fungal isolates14. This was evident in the zone of inhibition and minimum inhibitory 

concentration (MIC) values of the oil. Of the solvent extracts of R. precatoria roots prepared 

by Coronado-Aceves et al., hexane exhibited the best activity against Mycobacterium 

tuberculosis H37Rv with a MIC of 15.6 µg/mL, while others ranged from 31.25 to 125 µg/mL15. 

Air-dried root of Rhynchosia sublobata (Schumach. & Thonn.) Meikle was defatted with 

hexane, extracted with 80% methanol, and assayed for bioactivity against Plasmodium 

falciparum. The extract was active against P. falciparum with a MIC value of 62.5 µg/mL and 

an IC50 value of 31.25ς62.5 µg/mL16. The 80% methanol extract of R. sublobata root was also 

screened against Human Immunodeficiency Virus Type 1 (HIV-1, IIIB strain) and Type 2 (HIV-

2, ROD strain) with observed IC50 values of 15.2 µg/mL and >70.7 µg/mL respectively16. 

The ethanolic extract of Rhynchosia nolubilis seeds exhibited anti-inflammatory and 

antinociceptive activities using the arachidonic acid-induced ear edema, carrageenan-

induced paw edema, formalin-induced paw licking, and acetic acid-induced writhing assays17. 

The study revealed that the extract inhibited ear edema, paw edema, pain and writhes in 

mice. Analgesic activity was observed from the methanol extract of the aerial parts of 

Rhynchosia capitata (B.Heyne ex Roth) DC. at 100, 200, and 300 mg/kg doses18. Abdominal 

pains induced by acetic acid in the mice models were notably reduced compared to the 

control drug used in the study. The ethyl acetate and methanol extracts of R. beddomei, 

administered at 100 and 200 mg/kg for 14 days, sufficiently inhibited Ehrlich Ascites 

Carcinoma (EAC) tumours in Swiss albino mice. Ethyl acetate extract at 200 mg/kg exhibited 
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the best antitumor activity as evidenced by the increase in mean survival time, life span 

increase, decrease in tumour volumes and increase in viable cells of the tumour-induced 

animals19.  

Fermented aqueous extract of Rhynchosia nulubilis demonstrated significant 

antihyperglycemic and antihyperlipidemic activities in alloxan-induced diabetic rats20. The 

ethanol extract of Rhynchosia suaveolens (L. f.) DC. significantly lowered the blood glucose 

level in streptozotocin-induced diabetic rats21. The study revealed that normal blood glucose 

level was achieved at 100 and 200 mg/kg of the extract, and the lethal dose was higher than 

2000 mg/kg. The residual aqueous fraction after sequentially extracting Rhynchosia pseudo-

cajan Cambess. with dichloromethane, ethyl acetate, and butanol, was found to possess 

ŀŎǘƛǾƛǘȅ ŀƎŀƛƴǎǘ ʰ-glucosidase; the activity was even better than acarbose, the standard 

reference used22. The ethyl acetate fraction was equally potent against lipoxygenase, and all 

studied fractions exhibited little toxicity. 

Agrahari et al. reported the potent wound healing activity of the aqueous and ethanol extract 

of R. beddomei in albino rats23. An increase in wound contraction, rise in collagenation of 

tissues, and reduced epithelization period, were some of the factors considered in the study 

to validate their claims. The butanol extract of Rhynchosia volubilis Lour. exhibited a potent 

dose-dependent spermicidal activity against human sperm24; this could be why R. volubilis is 

prescribed in China folk medicine as contraceptives. 

The leaf ethanol and bean ethanol extracts of R. nulubilis and R. volubilis at 50 µg/mL aid 

melanin synthesis and promote intracellular tyrosinase activity25. A standardized ethanol 

extract of R. volubilis mitigated the clinical signs of dry eyes in mice models26. The 
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observations recorded in the study led Kang et al. to suggest that the extract could serve as a 

potential candidate in the treatment of eye ailments, something also believed by Kim et al. 

after observations from another study27. 

Although Rhynchosia reniformis (Pursh) DC. contained phenolic compounds, flavonoids, and 

terpenes, none of its extracts exhibited any insecticidal activity28. The effective DPPH radical 

scavenging ability of the ethanol extract R. beddomei leaves and R. nolubilis seed are 

documented29, 30 whereas Rhynchosia venulosa (Hiern) K.Schum. roots exhibited weak 

antioxidant properties31. The combined ethanol extracts of Rhynchosia recinosa (A.Rich.) 

Baker, Ozoroa insignis Delile, Maytenus senegalensis (Lam.) Exell, Entada abyssinica Steud. ex 

A.Rich. and Lannea schimperi (Hochst. ex A.Rich.) protected rats against ethanol-HCl induced 

gastric ulceration11. The dose-dependent activity exhibited an 81.7% protectiveness at 800 

mg/kg of the combined extracts, compared to 87.5% protection provided by 40 mg/kg of the 

standard drug, pantoprazole. Individual extracts were also screened against four gram-

negative bacteria; moderate antibacterial activities were however recorded11. 

The petroleum ether, ethyl acetate and methanol extracts of Rhynchosia cana (Willd.) DC. 

had an antihelmintic activity that increased with a corresponding increase in the 

concentration of the extracts32. The results were dose-dependent; methanol extract at 20 

mg/mL had the best activity, with a paralysis time of 2.89 minutes and a death time of 5.51 

minutes. The antipyretic and hepatoprotective activities of the methanol extract of R. cana 

were also documented by Yempada and colleagues33. 
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2.4 Phytochemistry of Rhynchosia genus 

Phytochemical studies of the genus have revealed that Rhynchosia is a rich source of 

flavonoids and glycosylated flavonoids. Polyphenolic compounds and a few sterols have also 

been reported. 

2.4.1 Flavones and flavone glycosides 

A novel flavone O-glycoside, 3',4'-di-O-methylluteolin-7-O-glucuronide (2.1) (Figure 2-2), was 

isolated from the methanol extract of R. beddomei34. The investigation also led to the isolation 

of four known C-glycosides ς vitexin (2.2), isovitexin (2.3), orientin (2.4), and isoorientin (2.5) 

ς and two di-C-glycosides ς vicenin-2 (2.6) and lucenin-2 (2.7) ς from the acetone extract of 

R. beddomei after repeated chromatographic techniques34. Compounds 2.2 ς 2.6 were also 

isolated from the leaves of R. cana 35, and luteolin (2.8) was obtained from the leaves of R. 

suaveolens36. Rammohan et al. also reported the isolation of compounds 2.3 and 2.5 from the 

flowers of R. beddomei. The flavonoid glycoside 2.3 exhibited moderate minimum inhibitory 

concentrations (MICs) while the C-6 glycosylated compound 2.5 reduced the growth of the 

microbial strains and had notable MICs compared to tetracycline, the standard drug used in 

the study13. 
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Figure 2-2: Structures of flavones and flavone glycosides isolated from Rhynchosia genus 

 

2.4.2 Flavonol and flavonol glycosides 

A new 5-deoxyflavonol named rhynchosin (2.9) (Figure 2-3) was obtained as yellow crystals 

from the acetone extract of R. beddomei leaves37. Chromatographic separation on thin-layer 

chromatography (TLC), followed by recrystallization in ethanol resulted in the isolation of the 
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compound. Rutin (2.10) and kaempferol-3-rutinoside (2.11) were isolated from the leaves of 

Rhynchosia cyanosperma Benth. ex Baker38. Adinarayan and colleagues isolated a novel 

prenylated flavonol, rhynchospermin (2.12), from the leaves of R. cyanosperma 39. The dried 

leaves were extracted with hot petrol; the methanol-soluble portion of the residue was 

subjected to preparative-TLC, and it yielded the yellow amorphous compound. Kaempferol 

(2.13) and two methylated flavonols, isokaempferide (2.14) and quercetin 3-O-methyl ether 

(2.15), were isolated from Rhynchosia rufescens (Willd.) DC.40. Quercetin 7-O-methyl ether 

(2.16), with potent MICs against selected bacterial and fungal strains, was isolated from the 

flowers of R. beddomei13. 
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Figure 2-3: Structures of flavonols and flavonol glycosides isolated from Rhynchosia genus 

 

2.4.3 Flavanones 

Naringenin (2.17) (Figure 2-4) was isolated from the methanol extract of R. beddomei leaves34. 

The flavanones, lupinifolin (2.18), and lupinifolinol (2.19) were isolated from the roots of R. 

precatoria41. Compound 2.18 weakly inhibited the growth of M. tuberculosis with an IC50 value 

of 76.93 µM and was cytotoxic against murine macrophages (RAW 264.7 cells) with an IC50 

value of 26.49 µM. 
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Figure 2-4: Structures of flavanones isolated from Rhynchosia genus 

 

2.4.4 Isoflavones and Isoflavanones 

Ogungbe et al. reported the isolation of four new prenylated isoflavones characterized as 

rhynedulin A (2.20) (Figure 2-5), rhynedulin B (2.21), rhynedulin C (2.22) and rhynedulinal 

(2.23) from the dichloromethane extract of the bark of Rhynchosia edulis Griseb.42. The 

isolation of four known isoflavones, ulexin B (2.24), scandenal (2.25), cajanin (2.26) and 

cajanone (2.27), was reported; cyclochandalone (2.28) was also isolated for the first time 

from a natural source in the study. The isoflavonoids weakly inhibited rhodesain, a cysteine 

protease of Trypanosoma brucei rhodesiense and exhibited weak proliferative activities 

against the breast cancer cell line (MCF-7)42. Compound 2.25 had the best rhodesain 

inhibitory activity with an IC50 value of 16 µM, while other compounds ranged from 19.9 to 

138.3 µM. Coronado-Aceves et al. isolated two new isoflavanones, precatorin A (2.29) and 

precatorin B (2.30), a new isoflavone, precatorin C (2.31) and cajanone (2.27) from the roots 
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of R. precatoria41. These isolated compounds demonstrated weak antimycobacterial activity 

against M. tuberculosis and Mycobacterium smegmatis with MIC values between 147.94 ς 

149.36 µM. The compounds were cytotoxic against murine macrophages (RAW 264.7 cells) 

with IC50 values ranging from 13.73 ς 46.98 µM.  
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Figure 2-5: Structures of some isoflavones and isoflavanones isolated from Rhynchosia genus 

 

Rammohan et al. isolated biochanin A (2.32) (Figure 2-6), a compound reported to weakly 

inhibit microbial strains, from the flowers of R. beddomei13. A study of R. volubilis seeds, using 

centrifugal partition chromatography (CPC), resulted in the isolation of 5 antioxidant 

isoflavones43. The isolated compounds were characterized as daidzin (2.33), glycitin (2.34), 

genistin (2.35), 6''-O-acetyl genistin (2.36) and 6''-O-acetyl daidzin (2.37). Four known 

isoflavones, genistein (2.38), sophoraisoflavone A (2.39), licoisoflavone A (2.40) and 3'-O-

methylorobol (2.41), and a novel compound, rhynchoviscin (2.42), with anti-angiogenic 

activity were isolated from the methanolic extract of R. viscosa44. The isoflavones 2.38 and 

2.40 were more potent with IC50 values of 24.2 µM and 16.7 µM, respectively, while 2.39 and 

2.42 (IC50 values of 50.7 µM and 41.3 µM) were less potent, though anti-angiogenic. 
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Figure 2-6: Structures of more isoflavones and isoflavanones isolated from Rhynchosia genus 

 

Recently, Xiang et al.45 (2021) reported the isolation of five novel prenylated isoflavonoids, 

rhynchones A ς E (2.43 ς 2.47) (Figure 2-7), and other known compounds from the ethanol 

extract of the whole plant of R. volubilis. The bio-guided isolation revealed that compound 

2.43 might be able to serve as a contraceptive as it disrupted the activation of the cation 

channel of sperm, thereby hindering fertilization. 

 

 

Figure 2-7: Structures of some prenylated isoflavonoids isolated from Rhynchosia genus 
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2.4.5 Flavanonols 

Tirumalin (2.48) (Figure 2-8), a new prenylated dihydroflavanonol was isolated from the 

leaves of Rhynchosia cyanosperma Benth. ex Baker38. Dried leaves were extracted 

sequentially with petrol, benzene, acetone, and methanol in a Soxhlet. The acetone-soluble 

portion of the petrol extract was triturated with petrol and concentrated. It was re-dissolved 

in methanol, and the pale-yellow crystals of compound 2.48 crystallized out. A novel C-

prenylated dihydroflavanonol, (+)-(2R:3R)-6-C-prenyltaxifolin-7,3'-dimethyl ether (2.49) was 

obtained from the methanol-soluble portion of the hexane extract of R. densiflora (Roth) DC. 

leaves46. 

 

Figure 2-8: Structures of flavanonols isolated from Rhynchosia genus 

 

2.4.6 Isoflavans 

Hussein and co-workers47 isolated 7,2'-dihydroxy-4'-methoxy-6-(3'',3''-dimethylallyl) 

isoflavan (2.50) (Figure 2-9) and 7-hydroxy-2',4'-dimethoxy-8-(2''',3'''-dihydroxy-3'''-

methylbutyl)-5'-(3'',3''-dimethylallyl) isoflav-3-ene (2.51) from the 

dichloromethane/methanol root extract of Rhynchosia ferruginea A. Rich. Compounds 2.50 

and 2.51 had moderate antibacterial properties against E. coli and S. aureus, as evident from 

the zones of inhibition observed. A new isoflavan, 5'-O-methylphaseolinisoflavan (2.52), was 

isolated from a bio-guided study of the whole herb of R. volubilis45.  
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Figure 2-9: Structures of isoflavans isolated from Rhynchosia genus 

 

2.4.7 Phenolic compounds 

Two xanthones, mangiferin (2.53) (Figure 2-10) and isomangiferin (2.54), were isolated from 

the leaves of R. suaveolens36, and a new benzophenone, 2-hydroxy-3,4-

dimethoxybenzophenone (2.55), was obtained from the flowers of the same plant48. The 

acetone extract, methanol extract, and compound 2.55 moderately inhibited free radicals, 

while the hexane fraction demonstrated weak antioxidant activity48. 
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Figure 2-10: Structures of some phenolic compounds isolated from Rhynchosia genus 

 

Kinjo et al. reported the antiproliferative activity exhibited by the methanol extract of R. 

volubilis seeds, with a growth inhibition (GI50) of 25 µg/mL, 30 µg/mL and 8 µg/mL against 

human gastric adenocarcinoma (MK-1), human uterus carcinoma (HeLa) and murine 

melanoma (B16F10), respectively. A bio-guided fractionation led to the isolation and 

identification of gallic acid (2.56) (Figure 2-11), gallic acid methyl ester (2.57), 7-O-

galloylcatechin (2.58), 1,6-di-O-galloylglucose (2.59), 1-O-galloylglucose (2.60) and 

trigalloylgallic acid (2.61)49. The isolated compounds inhibited B16F10 better than MK-1 and 

HeLa cell lines; compound 2.61 was the most active, with a GI50 value of 2.9 µM against 

B16F10. Compounds 2.56 and 2.61 had better inhibitory values than other isolates, and the 

researchers suggested that the free carboxyl groups in both compounds might be one of the 

factors responsible for the observation. An antioxidant compound, epicatechin (2.62), was 
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isolated from R. volubilisΩ ǎŜŜŘǎ ǳǎƛƴƎ ŎŜƴǘǊƛŦǳƎŀƭ ǇŀǊǘƛǘƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ (CPC) 

technique43. 

 

 

 

Figure 2-11: Structures of more phenolic compounds isolated from Rhynchosia genus 

 

2.4.8 Other isolated compounds 

Pinitol (2.63) (Figure 2-12) and inositol (2.64) are cyclic polyalcoholic compounds isolated 

from the leaves of R. cyanosperma, R. beddomei and R. suaveolens34, 36, 38. Khan and Shoeb 

reported the isolation of 4-(3-methylbut-2-enyl)-5-methoxy-(1,1'-biphenyl)-3-ol (2.65) and 2-

carboxy-4-(3-methylbut-2-enyl)-5-methoxy-(1,1'-biphenyl)-3-ol (2.66), two novel biphenyls 

with antibacterial activities from the benzene fraction of the ethanol extract of the air-dried 



30 
 
 

whole plant of R. suaveolens50. Compounds 2.65 and 2.66 displayed activity against Bacillus 

subtilis and Staphylococcus aureus with minimum inhibitory concentrations (MICs) of 15.625 

and 31.25 µg/mL, respectively. The investigation of Rhynchosia albiflora (Sims) Alston led to 

ǘƘŜ ƛǎƻƭŀǘƛƻƴ ƻŦ ǘǿƻ ƴŜǿ ʴ-glutamylpeptides ς -ɹL-glutamyl- -hmethylene- -̡aminopropionic 

acid (2.67), ɹ -L-glutamyl-ethyl- -̡aminoisobutyrate (2.68) and ɹ -L-glutamyl- -̡aminoisobutyric 

acid (2.69)51. 

 

 

Figure 2-12: Structures of other compounds isolated from Rhynchosia genus 

 

2.4.9 Essential Oils 

Hydrodistillation of R. beddomei leaves to obtain essential oil, followed by analysis with a Gas 

Chromatograph (GC), led to the identification of thirteen compounds with phytol (47.77%), 

propionic acid (28.8%), and pentanoic acid (6.86%) being the major components52. A study of 

R. heynei for its essential oil resulted in the identification of 12 known compounds with 1-
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pentanol (71.98%), camphene hydrate (16.37%), and germacrene-D (4.07%) as the major 

compounds, after characterization with a GC coupled to a Flame Ionization Detector (FID)14.  

 

2.5 Rhynchosia minima 

R. minima, commonly referred to as least snout-bean, jumby bean, and burn-mouth-vine, is 

a flowering plant in the legume family. It is a herb that grows on all continents, with varying 

reports describing it as either annual or perennial. It is a climbing plant with numerous slender 

stems. The leaves possess three leaflets, about 3.5 centimetres in length and yellow flowers, 

with purple or brown veins and petals measuring up to 8 millimetres long. R. minima grows 

in the grasslands, roadsides, woodlands and riverine fringes (Figure 2-13). 

An ethnomedicinal report provided by a South African traditional healer revealed that the 

leaves are used to treat and prevent heart pains and diseases. It is used locally in Zimbabwe 

to treat skin conditions, specifically against boils53. A herbal medicine known locally in 

Southern China as Yi Tiao Gen, made from the roots of R. minima, is used in the treatment of 

swelling, joint pains, and upper respiratory ailments54. The seed extract has been reported to 

possess agglutinating activity against specific human red blood cells, and the leaves are used 

as an abortifacient55. The presence of bacterial nodules in the root enriches the soil while the 

whole plant serves as fodder for cattle55. 
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Figure 2-13: Pictures of Rhynchosia minima. Source: 
http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:1197938-2 

 

2.6 Phytochemistry and pharmacology of Rhynchosia minima 

Besson and co-workers obtained the C-glycosylated flavonoids, schaftoside (2.70) (Figure 2-

14) , vicenin-2 (2.6), vicenin-3 (2.71), and isovitexin (2.3) from the aqueous methanol extract 

of the leaves56. Isovitexin (2.3) isolated from the leaves inhibited cytokinesis and cell plate 

formation57. The aqueous and ethanol extracts could scavenge for free radicals in vitro using 

the DPPH and ABTS assays58. The antinociceptive and anti-inflammatory abilities were also 

investigated as the aqueous and ethanol extracts at 200 and 400 mg/kg significantly inhibited 

abdominal writhing using the hot plate and acetic acid-induced writhing method; a decrease 

in the paw edema volume was also evident58. 
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Figure 2-14: Structures of some compounds isolated from Rhynchosia minima 

 

The ethyl acetate-ǎƻƭǳōƭŜ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ƭŜŀǾŜǎΩ ƳŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘ ȅƛŜƭŘŜŘ ǎǘƛƎƳŀǎǘŜǊȅƭ 

glucoside (2.72) (Figure 2-15), stigmasterol (2.73), lupeol (2.74), and ergosterol peroxide 

(2.75)55. A study of the ether-soluble portion of the alcoholic extract of the pericarp and seed 

led to the isolation of hydroquinone diacetate (2.76), sitosterol (2.77), gallic acid (2.56), and 

protocatechuic acid (2.78)59. 
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Figure 2-15: Structures of more compounds isolated from Rhynchosia minima 

 

2',4',5,7-Tetrahydroxyisoflavone (2.79) (Figure 2-16), genistein (2.80), genistein-8-C-glucoside 

(2.81), daidzein (2.82), and tricin (2.83a) were tentatively identified in the ethanol root extract 

by comparing the mass spectra with known databases and published literature54. The 

flavonoid-rich fraction demonstrated potent anti-inflammatory properties against LPS-

induced RAW 264.7 cells. The investigations of R. minima for essential oils led to the 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ʰ-ŜǳŘŜǎƳƻƭΣ ˍ-cadinol, caryophyllene oxide, trans-caryophyllene, 2-allyl-5-

tert-butylhydroquinone, isopropyl toluene, camphene, and O-cymene as the major 

compounds53, 60. The essential oils obtained demonstrated allelopathic behaviour by 

significantly inhibiting the growth of the weeds Dactyloctenium aegyptium (L.) Willd. and 

Rumex dentatus L. Reports of polysaccharides being isolated from R. minima are also 

documented61-64. 
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Figure 2-16: Structures of other compounds isolated from Rhynchosia minima 

 

2.7 Results and discussion 

2.7.1 Chemical profiling of selected extracts 

Chemical profiling (also known as metabolic profiling) is a powerful technique for evaluating 

the chemical composition of complex matrices65. It is an essential tool for identifying 

chemotypes and helps discover bioactive compounds that are yet to be discovered or 
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adequately characterized in natural sources66, 67. Chemical profiling has greatly developed due 

to the advent of technology, and scientists see this process as less laborious and a quick way 

of discovering bioactive compounds68. 

This study combined the high chromatographic resolution and separation abilities of liquid 

chromatography coupled with quadrupole time-of-flight mass spectrometry to identify 

distinct chemical compounds of the plant. UPLC-QTOF-MS is a high throughput strategy that 

has been reported to possess efficient separation properties and the identification of 

chemical components due to its high accuracy, resolution and sensitivity69. 

The DCM and EtOAc extracts were solubilized and analyzed using the UPLC-QTOF-MS for 

tentative identification of the compounds present. An analytical method was developed to 

enable a non-targeted analysis of the components of the extracts. Figures 2-17 and 2-18 show 

the base peak chromatograms of the DCM and EtOAc extracts, respectively. Thirty-three 

compounds were tentatively identified in the electrospray ionization (ESI) positive and 

negative ion chromatograms of the dichloromethane and ethyl acetate extracts; seven of 

them were isolated in this study. The molecular ions, fragmentation patterns, literature data, 

and online databases were used for identification. The identified compounds were classified 

into norisoprenoids, flavanones, flavones, isoflavones, C-glycosides, polyols and fatty acids. 

The tentatively identified compounds, along with other data such as retention time, chemical 

formulas, ppm error and mass fragments, are listed in Tables 2-1 and 2-2. 
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Figure 2-17: UPLC-HRMS base peak ion (BPI) chromatogram of DCM extract in A) positive 
ionization mode and B) negative ionization mode 

 

 

Figure 2-18: UPLC-HRMS base peak ion (BPI) chromatogram of EtOAc extract in A) positive 
ionization mode and B) negative ionization mode 

 

B 

A 

A 
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2.7.1.1 DCM Profiling 

2.7.1.1.1 Tentative identification of norisoprenoids 

The compound 2.84b (Figure 2-30) at a retention time (rt) of 4.95 min (Table 2-1) was 

tentatively identified as loliolide from its precursor ion at m/z 197.1185, which rendered the 

molecular formula C11H16O3. Obvious MS/MS fragments detected were m/z 161.0995 

[M+Hҍ2H2O]+ and 133.1027 [M+Hҍ2H2OҍCO]+ (Plate 9). The compound was confirmed after 

isolation based on its NMR data and comparison with literature. The peaks eluting at 4.51 and 

4.99 min (Table 2-1) were identified as isomers of loliolide (2.84a,c) because of the similar 

fragmentation patterns and molecular formula. Loliolide or its isomer was also identified in 

the EtOAc extract, eluting at rt 5.00 min (Table 2-2). 

2.7.1.1.2 Tentative identification of flavanones 

Five flavanones (Table 2-1) that included the isomers of dihydroxydimethoxyflavanone and 

trihydroxydimethoxyflavanone were tentatively identified. The first flavanone (2.85a) 

appeared at rt 7.00 min in the positive ionization mode. It showed a protonated molecular 

ion at m/z 317.1019 [M+H]+, which corroborated with the molecular formula of C17H16O6. The 

compound was tentatively classified as a dihydroxydimethoxyflavanone using online 

databases, and evident fragments such as the loss of water and methyl groups were observed. 

Other possible isomers of dihydroxydimethoxyflavanone (2.85b,c) were identified at rt 7.03 

and 7.08 min (Table 2-1) due to similar MS and MS/MS spectra. A peak eluted at rt 7.40 (Table 

2-1) in the positive ionization mode with a precursor ion of m/z 303.0872 [M+H]+ and gave a 

molecular formula of C16H14O6. The fragments discovered and findings by Wang and co-

workers led to its identification as 2',6',7-trihydroxy-5-methoxyflavanone (2.86) (Figure 2-

19)70. 
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A peak at rt 12.07 min (Table 2-1) showed a precursor ion at m/z 437.1939 [M+H]+, giving a 

molecular formula of C26H30O6. The data were compared with online databases and literature, 

leading to it being tentatively assigned as isokurarinone (2.94)71. 

 

Figure 2-19: Structures of some tentatively identified flavanones ς isokurarinone and 2',6',7-
trihydroxy-5-methoxyflavanone 

 

2.7.1.1.3 Tentative identification of flavones 

The compound eluting at rt 7.83 min (Table 2-1) in the positive ionization mode had a 

molecular ion at m/z 331.0823 [M+H]+ and was consistent with the formula C17H14O7. The 

fragments [M+HҍO]+ and [M+HҍC4H9O2]+ observed in the positive mode (Plate 10) and the 

fragment [MҍHҍ2CH3]ҍ in the negative mode was the basis for its tentative identification as 

the flavone, tricin (2.83a)72. A tricin isomer (2.83b) was identified at rt 9.15 min (Table 2-1). 

 

Figure 2-20: Structures of some tentatively identified flavones ς tricin, 7-hydroxy-5,6,8,4'-
tetramethoxyflavone and artocarpin 

 



40 
 
 

A peak at rt 10.52 min (Table 2-1) showed a molecular ion at m/z 359.1130 [M+H]+ with a 

molecular formula of C19H18O7. It exhibited fragment losses characteristic of 

polymethoxylated flavones such as [M+HҍCH3]+ and [M+Hҍ2CH3]+. It was therefore 

tentatively identified as 7-hydroxy-5,6,8,4'-tetramethoxyflavone (2.92) (Figure 2-20)73. The 

loss of methyl radicals and neutral loss of carbon monoxide are peculiar fragments observed 

in methoxylated flavones74, 75. 

A compound with a molecular formula C26H28O6 (m/z 437.1964 [M+H]+) was detected at rt 

12.36 min (Table 2-1) in the positive ionization mode. The fragments observed and the 

proposed fragmentation pattern reported by Jiang and co-workers led to it being tentatively 

identified as artocarpin (2.95)76. 

2.7.1.2 EtOAc profiling 

2.7.1.2.1 Tentative identification of polyols 

A peak at rt 0.73 min (Table 2-2) with a precursor ion of m/z 217.0699 [M+Na]+ was tentatively 

identified as pinitol (2.63) (Figure 2-31) by comparing with literature and further confirmed 

via isolation. A compound eluting at rt 0.75 min (Table 2-2) was identified as a disaccharide 

(2.97) due to its molecular ion at m/z 341.1078 (C12H22O11) and was compared with literature 

and online databases77. The retention time also supports the class of compound being 

proposed. 

2.7.1.2.2 Tentative identification of flavonoid C-glycosides 

A precursor ion at m/z 593.1514 [MҍH]ҍ with molecular formula C27H30O15 (Table 2-2) eluting 

at rt 4.67 min in the negative ionization mode was tentatively identified as vicenin 2 (2.6). The 

loss of C3H6O3 (90 Da) and C4H8O4 (120 Da) is characteristic of C-glycosides. The MS/MS 

fragments [MҍHҍ90]ҍ and [MҍHҍ120]ҍ from the cross-ring cleavage of the C-hexosyl moiety 
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peculiar to flavonoid di-C-glycosides were observed78, 79. The fragment [MҍhexosylҍH2O]ҍ 

indicating the loss of a sugar molecule, followed by the loss of water was also observed. 

Five C-glycosides (Table 2-2) eluting at rts 5.01, 5.15, 5.31, 5.50 and 5.82 mins, with molecular 

formulas C26H28O14, C21H20O11, C21H20O11, C21H20O10 and C21H20O10, and precursor ions at m/z 

563.1391 [MҍH]ҍ, 447.0911 [MҍH]ҍ, 447.0909 [MҍH]ҍ, 431.0969 [MҍH]ҍ and 431.0966 [MҍH]ҍ 

in the negative ionization mode, respectively were tentatively identified as schaftoside (2.70), 

orientin (2.4), isoorientin (2.5), vitexin (2.2), and isovitexin (2.3). Three of these C-glycosides 

that were tentatively identified were further confirmed via isolation, NMR characterization 

and MS/MS fragment comparison. These C-glycosides also exhibited 90 and 120 Da loss in 

their MS/MS fragments, similar to the identified di-C-glycoside (2.6). The relative abundances 

of the ions 0,3X0
ҍ and [0,3X0

ҍҍH2O]ҍ were higher in compound 2.5 than in compound 2.4, 

thereby aiding the identification of the isomers80. The fragment abundance of the 

intraglycoside ions 0,3X0
ҍ and [0,3X0

ҍҍH2O]ҍ were used to distinguish between vitexin and 

isovitexin; lower intensities were detected in compound 2.2 compared to compound 2.380. 

2.7.1.2.3 Tentative identification of isoflavones 

A peak eluted at rt 7.12 min (Table 2-2) with precursor ions at m/z 475.1237 [M+H]+ and 

473.1084 [MҍH]ҍ in the positive and negative ionization modes, respectively, corresponded 

to C23H22O11. It was tentatively identified as the isoflavone 6''-O-acetyl genistin (2.36). The 

compound showed the loss of a neutral glycone fragment exhibited by [MҍHҍ162]ҍ and 

[M+Hҍ162]+ in both ionization modes and the loss of the acetylated glycoside, evident by the 

fragment [MҍHҍ42ҍ162]ҍ81 (Plate 12). It has been isolated from the genus43, further lending 

credence to our hypothesis. 
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A peak eluting at rt 7.76 min (Table 2-2) had a molecular formula C16H12O6 and was 

characterized by a molecular ion at 301.0721 [M+H]+. It was tentatively identified as another 

isoflavone named tectorigenin (2.88b) (Figure 2-25) and confirmed via isolation of the 

compound. Fragments such as the retro-diels-alder (m/z 168.0083) and loss of methyl group 

[M+Hҍ15]+ were detected in the positive ionization mode82. The fragment [MҍHҍ15]ҍ was 

also detected in the negative ionization mode. The peaks eluting at rt 7.82 and 7.89 mins 

(Table 2-2) were tentatively identified as isomers of tectorigenin (2.88c,d). In the DCM extract, 

the peaks eluting at rt 7.69 and 7.75 mins (2.88a,b) (Table 2-1) also have a similar molecular 

formula and fragmentation patterns with tectorigenin.  

 

2.7.1.2.4 Tentative identification of flavones 

Two peaks (Table 2-2) detected at m/z 303.0510 [M+H]+ (C15H10O7), and 345.0977 [M+H]+ 

(C18H16O7) eluted at rt 7.44 and 9.84 mins. Characteristic fragments such as the loss of methyl 

and methoxy groups were observed in the MS/MS spectra of these compounds, which were 

tentatively identified as morin (2.99) (Figure 2-21) and ayanin (2.91)83, 84. Ayanin was isolated 

and confirmed using the NMR data and comparison with literature values. 

 

Figure 2-21: Structure of the tentatively identified flavone, morin 
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2.7.1.2.5 Tentative identification of fatty acids 

Two unsaturated fatty acids were tentatively identified at rts 8.71 and 9.16 mins (Table 2-2). 

They exhibited m/z 327.2156 [MҍH]ҍ (C18H32O5), and m/z 329.2319 [MҍH]ҍ (C18H34O5), 

respectively, and their deprotonated molecular ions showed a mass difference of 2 amu. The 

molecular formula and obvious mass difference appear to imply additional unsaturation. The 

fatty acid at rt 9.16 min exhibited fragment ions at m/z 311.0538 and 293.0826 because of 

[MҍHҍH2O]ҍ and [MҍHҍ2H2O]ҍ, respectively. Other fragmentation ions observed were 

171.0990, 183.0093, 211.1322 and 229.1365 and hence, tentatively identified as 

trihydroxyoctadecenoic acid (2.90) (Figure 2-22)85, 86. The one at rt 8.71 min with a precursor 

ion 327.2156 [MҍH]ҍ exhibited mass fragments at 171.0966 and was proposed as 

trihydroxyoctadecadienoic acid (2.89)85. 

 

Figure 2-22: Structures of trihydroxyoctadecenoic acid and trihydroxyoctadecadienoic acid, 
some tentatively identified fatty acids 

 

2.7.1.2.6 Tentative identification of unclassified compounds 

A peak eluting at rt 6.30 min (Table 2-2) showed a molecular ion at 395.2042 [M+Na]+. A 

product ion that resulted from the loss of a neutral hexose moiety was identified; it was 

tentatively identified as blumenol C-glucoside (2.98) (Figure 2-23)87, 88. 
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Figure 2-23: Structure of the tentatively identified blumenol C-glucoside 
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Table 2-1: Tentatively identified compounds from the positive and negative ionization modes of R. minima DCM extract 

No Rt m/z [Adduct] Calc mass Mass error 
(ppm) 

Fragments Name Chemical 
formula 

Ref 

2.84a 4.51 197.1175 [M+H]+ 197.1178 -1.5 91.0569, 132.9051, 137.0602 Loliolide isomer 1 C11H16O3 89 

2.84b 4.95 197.1185 [M+H]+ 197.1178 3.6 105.0709, 107. 0868, 133.1027, 
135.0857, 161.0995 

Loliolide*  C11H16O3 89-91 

2.84c 4.99 197.1186 [M+H]+ 197.1178 4.1 105.0707, 133.1002, 137.0988, 
161.0976 

Loliolide isomer 2 C11H16O3 89-91 

2.85a 7.00 
 
 
6.98 
 

317.1019 [M+H]+ 
 
 
315.0846 [MҍH]ҍ 

317.1025 
 
 
315.0869 

-1.9 
 
 
-7.3 

115.0538, 131.0520, 153.0715, 
165.0721, 185.0644 
 
149.0214, 165.0510, 175.0363, 
195.0657, 297.0455, 301.0767 

A dihydroxydimethoxy 
flavanone 

C17H16O6  

2.85b 7.03 
 
 
7.02 

317.1028 [M+H]+ 
 
 
315.0852 [MҍH]ҍ 

317.1025 
 
 
315.0869 

0.9 
 
 
-5.4 

77.0391, 115.0577, 153.0723, 
165.0670, 179.0844 
 
165.0500, 166.8601, 175.0345, 
195.0611, 225.0751 

A dihydroxydimethoxy 
flavanone isomer 1 

C17H16O6  

2.85c 7.08 
 

315.0861 [MҍH]ҍ 315.0869 -2.5 153.0048, 165.0509, 175.0407, 
225.0737, 255.0670 

A dihydroxydimethoxy 
flavanone isomer 2 

C17H16O6  

2.86 7.40 
 
 
7.41 

303.0872 [M+H]+ 
 
 
301.0694 [MҍH]ҍ 
 

303.0869 
 
 
301.0712 
 

1.0 
 
 
-6.0 

107.0889, 152.0651, 167.0706, 
183.0840, 213.0476 
 
165.0498, 175.0417, 195.0656, 
211.1426, 285.0392 

2',6',7-trihydroxy-5-
methoxyflavanone 

C16H14O6 70 

2.87 7.53 
 
7.53 

333.0978 [M+H]+ 
 
331.0799 [MҍH]ҍ 
 

333.0974 
 
331.0818 
 

1.2 
 
-5.7 

115.0551, 169.0727, 165.0718 
 
195.0712, 205.0526, 223.0616 

A trihydroxydimethoxy 
flavanone 

C17H16O7  

2.88a 7.69 
 
7.68 

301.0716 [M+H]+ 
 
299.0541 [MҍH]ҍ 
 

301.0712 
 
299.0556 
 

1.3 
 
-5.0 

140.0115, 285.0411, 286.0474 
 
211.0390, 212.0461, 255.0241 

Tectorigenin isomer 1 C16H12O6 82, 92-94 
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*Compounds confirmed through isolation and structure elucidation 

2.88b 7.75 
 
 
7.74 

301.0713 [M+H]+ 
 
 
299.0549 [MҍH]ҍ 

301.0712 
 
 
299.0556 

0.3 
 
 
-2.3 

140.0140, 212.0406, 285.0427, 
286.0503 
 
211.0439, 212.0394, 255.0266 

Tectorigenin*  C16H12O6 82, 92-94 

2.83a 7.83 
 
7.86 

331.0823 [M+H]+ 
 
329.0669 [MҍH]ҍ 
 

331.0818 
 
329.0661 
 

1.5 
 
2.4 

242.0568, 315.0429 
 
199.0354, 227.0347, 299.0182, 
313.1129, 329.0972 

Tricin C17H14O7 72, 95-97 

2.89 8.71 
 
8.71 

351.2143 [M+Na]+ 
 
327.2166 [MҍH]ҍ 

351.2147 
 
327.2171 

-1.1 
 
-1.5 

91.0555, 128.0627, 315.0504 
 
122.7619, 171.0452 

Trihydroxyoctadecadienoic 
acid 

C18H32O5 85 

2.90 9.14 329.2319 [MҍH]ҍ 329.2328 -0.9 155.0521, 171.0409, 183.0127 Trihydroxyoctadecenoic 
acid 

C18H34O5 85, 86, 98 

2.83b 9.15 331.0836 [M+H]+ 
 

331.0818 5.4 242.0623, 300.0267, 273.0429, 
315.0541 

Tricin isomer C17H14O7 72, 97 

2.91 9.85 
 
9.83 

345.0983 [M+H]+ 
 
343.0814 [MҍH]ҍ 

345.0974 
 
343.0818 

2.6 
 
-1.2 

231.0662, 259.0616, 287.0570, 
330.0728 
 
242.0189, 285.0433, 313.0334 

Ayanin* C18H16O7 84 

2.92 10.52 359.1130 [M+H]+ 359.1131 -0.3 344.0898, 329.0681, 177.0202 7-hydroxy-5,6,8,4'-
tetramethoxyflavone 

C19H18O7 73 

2.93 11.78 491.2430 [MҍH]ҍ 491.2434 -0.8 261.1450, 183.0087, 417.1713 Prenylated flavonoid C30H36O6  

2.94 12.07 437.1939 [MҍH]ҍ 437.1964 -5.7 149.0943, 163.0009, 219.0643, 
243.1064, 261.1473, 287.1251, 
313.1438, 405.1647 

Isokurarinone C26H30O6 71 

2.95 12.36 
 
12.35 

437.1964 [M+H]+ 
 
435.1801 [MҍH]ҍ 
 

437.1964 
 
435.1808 
 

0 
 
-1.6 

311.0544, 325.0705, 381.1333 
 
175.0713, 243.0675, 255.2278, 
325.1857, 351.1176 

Artocarpin C26H28O6 76 

2.96 15.20 663.4542 [M+H]+ 663.4531 1.7 439.2037, 495.2673, 551.3293 Unknown flavonoid 
glycoside.  

C31H66O14  
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Table 2-2: Tentatively identified compounds from the positive and negative ionization modes of R. minima EtOAc extract 

Entry Rt m/z [Adduct] Calc mass Mass 
error 
(ppm) 

Fragments Name Chemical 
formula 

Ref 

2.63 0.73 217.0699 [M+Na]+ 217.0688 5.1 71.0513, 102.9515, 111.9615, 
149.0132, 195.9828 

Pinitol*  C7H14O6 77 

2.97 0.75 341.1078 [MҍH]ҍ 341.1084 -1.8 113.9364, 119.0298 A disaccharide C12H22O11 77 

2.6 4.66 
 
4.67 

595.1650 [M+H]+ 
 
593.1514 [MҍH]ҍ 
 

595.1663 
 
593.1506 

-2.2 
 
1.3 

295.0632, 307.0639, 325.0699 
 
593.1499, 503.1207, 473.1045, 
459.1032, 413.0998, 383.0750, 
353.0653, 311.0567 

Vicenin 2 C27H30O15 78, 79, 99-102 

2.84b 5.00 197.1194 [M+H]+ 197.1178 8.1 105.0734, 161.0597 Loliolide*  C11H16O3 89, 90 

2.70 5.01 563.1391 [MҍH]ҍ 563.1401 -1.8 125.0250, 353.0660, 383.0784, 
409.0884, 443.0945, 465.9964, 
473.1020, 475.1129, 503.1188  

Schaftoside C26H28O14 101, 103, 104 

2.4 5.16 
 
 
5.15 

449.1085 [M+H]+ 
 
 
447.0911 [MҍH]ҍ 

449.1084 
 
 
447.0927 

0.2 
 
 
-3.6 

299.0566, 329.0647, 339.0894, 
353.0670, 413.0853, 449.1043 
 
285.0365, 297.0387, 327.0498, 
357.0599 

Orientin C21H20O11 80, 105, 106 

2.5 5.30 
 
 
 
5.31 

449.1082 [M+H]+ 
 
 
 
447.0909 [MҍH]ҍ 

449.1084 
 
 
 
447.0927 

-0.4 
 
 
 
-4.0 

287.0540, 299.0561, 325.0701, 
329.0675, 339.0873, 353.0665, 
365.0635, 377.0739 
 
133.0262, 285.0354, 297.0375, 
327.0493, 339.0444, 357.0592 

Isoorientin*  C21H20O11 80, 107, 108 

2.2 5.52 
 
 
5.50 

433.1132 [M+H]+ 
 
 
431.0969 [MҍH]ҍ 

433.1135 
 
 
431.0978 

-0.7 
 
 
-2.1 

283.0607, 313.0703, 323.0495, 
337.0699, 397.0875, 433.1136 
 
268.0337, 283.0591, 311.0548, 
323.0517, 341.0620 

Vitexin*  C21H20O10 80, 105 

2.3 5.84 433.1127 [M+H]+ 433.1135 -1.8 283.0609, 313.0684 Isovitexin*  C21H20O10 80, 106, 107 
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5.82 

 
431.0966 [MҍH]ҍ 

 
431.0978 

 
-2.8 

 
117.0316, 269.0428, 281.0433, 
283.0580, 311.0538, 323.0537, 
341.0622 

2.98 6.30 395.2042 [M+Na]+ 395.2046 -1.0 163.0551, 175.0401, 179.0854, 
211.0873,  

Blumenol C-glucoside C19H32O7 87, 88 

2.36 7.12 
 
7.13 

475.1237 [M+H]+ 

 
473.1084 [MҍH]ҍ 

475.1240 
 
473.1084 

-0.6 
 
0.0 

152.0619, 242.0671, 313.0683 
 
268.0368, 269.0364, 311.0554, 
323.0948, 341.0665, 473.1176 

6ΩΩ-O-acetyl genistin C23H22O11 81, 109 

2.99 7.44 
 
 
7.42 

303.0510 [M+H]+ 

 
 
301.0338 [MҍH]ҍ 

303.0505 
 
 
301.0348 

1.6 
 
 
-3.3 

303.0536, 285.0390, 229.0551, 
153.0204, 
 
300.0245, 282.0532, 256.0274, 
229.0465, 151.0029, 149.0206, 
109.0276, 107.0131, 83.0121 

Morin C15H10O7 83, 110-112 

2.88b 7.76 
 
 
 
7.76 

301.0721 [M+H]+ 
 
 
 
299.0539 [MҍH]ҍ 

301.0712 
 
 
 
299.0556 

3.0 
 
 
 
-5.7 

102.0489, 140.0121, 168.0083, 
212.0564, 258.0485, 285.0407, 
286.0474  
 
133.0262, 211.0379, 255.0275, 
284.0322 

Tectorigenin*  C16H12O6 82, 92-94 

2.88c 7.82 299.0534 [MҍH]ҍ 299.0556 -7.4 133.0307, 211.0353, 240.0448, 
255.0265, 284.0267 

Tectorigenin isomer 2 C16H12O6 94 

2.88d 7.89 301.0718 [M+H]+ 301.0712 2.0 140.0102, 168.0057, 285.0409, 
286.0509 

Tectorigenin isomer 3 C16H12O6 82, 92, 93 

2.89 8.71 
 
8.72 

351.2152 [M+Na]+ 
 
327.2156 [MҍH]ҍ 

351.2147 
 
327.2171 

1.4 
 
-4.6 

91.0558, 105.0713, 165.0714 
 
171.0966, 249.1059, 297.1642 

Trihydroxyoctadecadienoic 
acid 

C18H32O5 85 

2.90 9.18 
 
 
9.16 

353.2303 [M+Na]+ 
 
 
329.2319 [MҍH]ҍ 

353.2304 
 
 
329.2328 

-0.3 
 
 
-2.7 

91.0559, 137.0255, 273.0426, 
315.0510 
 
171.0990, 183.0093, 211.1322, 
229.1365, 293.0826, 311.0538 

Trihydroxyoctadecenoic 
acid 

C18H34O5 85, 86, 98 
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*Compounds confirmed through isolation and structure elucidation

2.91 9.84 
 
 
9.82 

345.0977 [M+H]+ 
 
 
343.0818 [MҍH]ҍ 

345.0974 
 
 
343.0818 

0.9 
 
 
0 

231.0658, 259.0606, 287.0563, 
315.0515, 330.0773 
 
329.9807, 328.0432, 313.0342,  

Ayanin* C18H16O7 84 

2.100a 11.21 311.1672 [MҍH]ҍ 311.1647 8.0 133.0534, 175.0384 Broussonin C C20H24O3 113 

2.100b 11.61 311.1667 [MҍHҍ 311.1647 6.4 57.0365, 295.2207, 312.1699 Broussonin C C20H24O3 113 

2.101 12.01 559.3128 [MҍH]ҍ 559.3118 1.8 183.0102, 295.2249, 311.1638 A dipentoside glycoside C28H48O11  

2.102 12.43 579.3378 [M+H]+ 579.3381 -0.5 183.0106, 255.2313, 397.1329 Alpha, alpha'-trehalose 6-
palmitate 

C28H52O12  

2.103 14.69 383.3509 [MҍH]ҍ 383.3525 -4.2 337.3443, 365.3400, 383.3519 Hydroxytetracosanoic acid C24H48O3  
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2.7.2 Isolation and characterization of compounds 

The dichloromethane, ethyl acetate and methanol extracts of R. minima were subjected to 

repeated chromatographic techniques. Six flavonoids, a norisoprenoid and a cyclitol were 

isolated and the structure elucidation was achieved with the aid of HRESIMS, 1D and 2D NMR 

data. The NMR data of the flavonoids is provided in Tables 2-3 to 2-6 and that of the 

norisoprenoid and cyclitol in Tables 2-7 and 2-8. 

2.7.2.1 Flavonoids 

Compound 2.91 was isolated as a yellow solid. The molecular formula was established as 

C18H16O7 based on 1H and 13C spectra and the HRESIMS (m/z 345.0974 [M+H]+) data. The 

HRESIMS showed a molecular ion peak at m/z 345.0983 [M+H]+ (calculated for C18H17O7, 

345.0974 [M+H]+). The proton NMR showed the presence of an AB spin system at Hɻ 6.34 (1H, 

d, J = 2.2 Hz, H-сύ ŀƴŘ ʵH 6.44 (1H, d, J = 2.2 Hz, H-8), consistent with the meta doublets on 

ring A. The chemical shifts ɻH 7.68 (1H, d, J = 2.1 Hz, H-нϥύΣ ʵH 6.96 (1H, d, J = 8.6 Hz, H-5') and 

Hɻ 7.72 (1H, dd, J = 8.6, 2.1 Hz, H-6') of the B-ring protons were consistent with the ABX spin 

system. Furthermore, compound 2.91 ǇƻǎǎŜǎǎŜŘ ǘƘǊŜŜ ƳŜǘƘƻȄȅ ƎǊƻǳǇǎ ŀǘ ʵH 3.86 (3H, s), 3.87 

(3H, s) and 3.98 (3H, s), which were assigned to positions C-3, C-7 and C-4', respectively, based 

on their HMBC correlations. In addition, the HMBC experiment revealed correlations between 

ǘƘŜ ƘȅŘǊƻȄȅ ǇǊƻǘƻƴ ŀǘ ʵH 5.72 with C-оϥ όʵC 145.6), C-нϥ όʵC 114.5) and C-пϥ όʵC 148.8) (Figure 

2-24). Compound 2.91 was identified as ayanin, with the data consistent with literature 

values114, 115. 
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Figure 2-24: Structure of compound 2.91 showing some HMBC (black arrows) and COSY (thick 
black line) correlations 

 

Compound 2.88b, a colourless solid, was assigned a molecular formula C16H12O6, determined 

by the HRESIMS (m/z 301.0713 [M+H]+, calculated for C16H13O6, 301.0712 [M+H]+). The 1H 

NMR spectrum displayed signals characteristic of a flavonoid moiety. A para-substituted ring 

B, evident by ɻH 7.40 (2H, d, J = 8.5 Hz, H-нϥΣ сϥύ ŀƴŘ ʵH 6.91 (2H, d, J = 8.5 Hz, H-3', 5') showed 

ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ !!ϥ..ϥ ǎǇƛƴ ǎȅǎǘŜƳΦ ¢ƘŜ ǎƛƴƎƭŜǘ ŀǘ ʵH 7.86 was characteristic of H-2 of an 

ƛǎƻŦƭŀǾƻƴŜΣ ŀƴŘ ʵH 6.52 was attributed to H-8 based on the HMBC correlation. In addition, a 

methoxy group and a phenolic hydroxy group signals were observed ŀǘ ʵH 4.03 (OCH3-6) and 

Hɻ 13.10 (s, 5-OH), respectively. The position of the methoxy group was confirmed as C-6 

ōŀǎŜŘ ƻƴ ǘƘŜ Ia./ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳŜǘƘƻȄȅ ǇǊƻǘƻƴ ǿƛǘƘ ǘƘŜ ŎŀǊōƻƴ ǎƛƎƴŀƭ ŀǘ ʵC 

130.5 (Figure 2-25). Compound 2.88b was established as tectorigenin116, 117. 

 

Figure 2-25: Structure of compound 2.88b showing some HMBC (black arrows) and COSY 
(thick black line) correlations 

 

Compound 2.104 was obtained as a yellow amorphous powder. The molecular formula was 

assigned as C15H10O7 based on the HRESIMS data (m/z 303.0508 [M+H]+, calculated for 
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C15H11O7, 303.0505 [M+H]+). The proton NMR spectrum showed signals resulting from a meta-

coupled aromatic proton at ɻH 6.18 (1H, d, J = 1.9 Hz, H-сύ ŀƴŘ ʵH 6.38(1H, d, J = 1.9 Hz, H-8), 

attributed to the A-ring. The proton NMR also revealed the presence of an ABX spin pattern 

ŀǘ ʵH 7.73 (1H, d, J = 2.0 Hz, H-2'), 7.63 (1H, dd, J = 8.5, 2.0 Hz, H-сϥύ ŀƴŘ ʵH 6.88 (1H, d, J = 8.5 

Hz, H-5'). Compound 2.104 was elucidated as quercetin (Figure 2-26), and it is consistent with 

known data118. 

 

Figure 2-26: Structure of compound 2.104 showing some HMBC (black arrows) and COSY 
(thick black line) correlations 

 

Compound 2.3 was obtained as a yellow solid. The molecular formula was determined as 

C21H20O10 by HRESIMS measurement with the molecular ion peak at m/z 433.1134 [M+H]+ 

(calculated for C21H21O10, 433.1135 [M+H]+). A pair of doublets at ɻH 6.91 (2H, d, J = 8.4 Hz, H-

оϥΣ рϥύ ŀƴŘ ʵH 7.82 (2H, d, J = 8.4 Hz, H-нϥΣ сϥύ ŀƴŘ ŀ ǎƛƴƎƭŜǘ ŀǘ ʵH 6.49 (1H, H-8) were seen on 

the proton NMR spectrum. A signal characteristic of H-3 flavones was observed at ɻH 6.58 

(1H, s, H-3). The anomeric proton of the hexose sugar was observed at Hɻ 4.91, and other 

ǇǊƻǘƻƴ ǎƛƎƴŀƭǎ ƻŦ ǘƘŜ ǎǳƎŀǊ ŀǇǇŜŀǊŜŘ ōŜǘǿŜŜƴ ʵH 3Φпо ǘƻ ʵH 4.17. The carbon signals 

ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ƘŜȄƻǎŜ ǎǳƎŀǊ ŀǇǇŜŀǊŜŘ ōŜǘǿŜŜƴ ʵC снΦу ǘƻ ʵC 80.1. The sugar linkage was 

identified as position C-6 because HMBC correlation was observed between the anomeric 

ǇǊƻǘƻƴ ŀǘ ʵH 4.91 with C-с όʵC 109.2), C-р όʵC 162.0), C-т όʵC 165.0) and C-нϥϥ όʵC 72.5) (Figure 
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2-27). Compound 2.3 was identified as isovitexin, and the observed data was consistent with 

literature values119, 120. 

 

Figure 2-27: Structure of compound 2.3 showing some HMBC (black arrows) and COSY (thick 
black line) correlations 

 

Compound 2.2 was purified as a yellow amorphous solid with the molecular formula 

C21H20O10, the same as compound 2.3, which was deduced by HRESIMS (m/z 433.1137 [M+H]+, 

calculated for C21H21O10, 433.1135 [M+H]+) data. Two doublet signals at ɻH 6.89 (2H, d, J = 8.4 

Hz, H-оϥΣ рϥύ ŀƴŘ ʵH 8.02 (2H, d, J = 8.4 Hz, H-2', 6'), characteristic of AA'BB' splitting pattern 

on the B-ring of flavonoids were observed on the proton NMR. Two singlet signals were 

observed at ɻ H 6.77 and ɻ H 6.26 and were assigned to positions H-3 and H-6, respectively, 

based on HMBC and HSQC correlations. The beta-anomeric proton of the sugar unit was 

detected at ɻ H 4.68 (J = 9.8 Hz), whilŜ ƻǘƘŜǊ ǎǳƎŀǊ ǇǊƻǘƻƴǎ ŀǇǇŜŀǊŜŘ ōŜǘǿŜŜƴ ʵH оΦно ǘƻ ʵH 

3.83. Compound 2.2, a C-glycoside had six carbon signals belonging to the sugar moiety that 

ŀǇǇŜŀǊŜŘ ŀǘ ʵC 61.2 (C-сϥϥύΣ ʵC 70.5 (C-пϥϥύΣ ʵC 70.8 (C-нϥϥύΣ ʵC 73.3 (C-мϥϥύΣ ʵC 78.6 (C-оϥϥύ ŀƴŘ ʵC 

81.8 (C-5''). The HMBC spectrum revealed correlations between H-мϥϥ όʵH 4.68)/C-у όʵC 104.6), 

C-т όʵC 162.6), C-ф όʵC 156.0), C-нϥϥ όʵC 70.8). The hydroxy proton (OH-рύ ŀǘ ʵH 13.16 also 

correlated to C-р όʵC 160.3), C-с όʵC 98.1), and C-мл όʵC 104.0) (Figure 2-28). Compound 2.2 

was established as vitexin, and the spectral data agreed with previously reported ones121, 122. 
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Figure 2-28: Structure of compound 2.2 showing some HMBC (black arrows) and COSY (thick 
black line) correlations 

 

Compound 2.5 ǿŀǎ ƛǎƻƭŀǘŜŘ ŀǎ ŀ ƭƛƎƘǘ ȅŜƭƭƻǿ ǎǳōǎǘŀƴŎŜΦ ¢ƘŜ ŎƻƳǇƻǳƴŘΩǎ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ 

was indicated as C21H20O11 by its positive HRESIMS with m/z 449.1089 [M+H]+ (calculated for 

C21H21O11, 449.1084 [M+H]+). The H-3 of flavones has a peculiar signal observed at Hɻ 6.55 

(1H, s, H-3), and the signal at ɻH 6.49 (1H, s, H-8) was attributed to the proton on ring A. A 

signal at ɻH 7.37 (1H, s, H-2') slightly overlapping with a doublet of doublet at Hɻ 7.39 (1H, dd, 

J = 8.1, 2.0 Hz, H-6') was also observed on the proton NMR spectrum. In addition, an ortho-

doublet was observed at ɻH 6.90 (1H, d, J = 8.1 Hz, H-5'). The anomeric proton of the 

ƎƭǳŎƻǇȅǊŀƴƻǎŜ ƳƻƛŜǘȅ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ ʵH 4.89, ǿƘƛƭŜ ƻǘƘŜǊ ǇǊƻǘƻƴǎ ŀǇǇŜŀǊŜŘ ōŜǘǿŜŜƴ ʵH 

оΦпп ǘƻ ʵH 4.17. The NMR and HRESIMS data were used in combination with literature120, 123, 

and the compound was identified as isoorientin (Figure 2-29). The MS/MS was compared to 

that of isoorientin identified during chemical profiling, and they possessed similar 

fragmentation patterns. 
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Figure 2-29: Structure of compound 2.5 showing some HMBC (black arrows) correlations 

 

Table 2-3: 1I baw ώплл aIȊΣ ʵH, multi. (J in Hz)] data in CDCl3 and CD3OD of some of the 
flavonoids isolated from R. minima 

NMR experiments were acquired in: hCD3OD, ̡ (CD3)2SO 

 

 

 

 

Position 2.91 2.88b 2.104 

 Hɻ (J in Hz) Lit 1h15 Hɻ 
(J in Hz) 

Lit 1̡17 Hɻ 
(J in Hz) 

Lit 1h18 

2   7.86, s 8.33, s   

3       

4       

5       

6 6.34, d (2.2) 6.29, d (1.9)   6.18, d (1.9) 6.18, d (2.1) 

7       

8 6.44, d (2.2) 6.58, d (1.6) 6.52, s 6.51, s 6.38, d (1.9) 6.38, d (2.1) 

9       

10       

1'       

2' 7.68, d (2.1) 7.70, d (1.8) 7.40, d (8.5) 7.36, d (8.7) 7.73, d (2.0) 7.73, d (2.2) 

3'   6.91, d (8.5) 6.81, d (8.7)   

4'       

5' 6.96, d (8.6) 6.92, d (8.5) 6.91, d (8.5) 6.81, d (8.7) 6.88, d (8.5) 6.88, d (8.5) 

6' 7.72, dd 
(8.6, 2.1) 

7.63, dd 
(8.4, 1.8) 

7.40, d (8.5) 7.36, d (8.7) 7.63, dd 
(8.5, 2.0) 

7.63, dd 
(8.5, 2.2) 

OH-5 12.63, s  13.10, s 13.05   

OH-3' 5.72, s      

OCH3-3 3.86, s 3.81     

OCH3-6   4.03, s 3.74   

OCH3-7 3.87, s 3.87     

OCH3-4' 3.98, s 3.94     
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Table 2-4: 13/ baw όтр ŀƴŘ млл aIȊΣ ʵC) data in CDCl3 and CD3OD of some of the flavonoids 
isolated from R. minima 

NMR experiments were acquired in: (hCD3)2SO, ̡ CD3OD 

 

 

 

 

 

 

 

Position 2.91 2.88b 2.104 

 Cɻ, type Lith 114 Cɻ, type Lith 117 Cɻ, type Lit̡ 118 

2 155.7, C 155.5, C 152.7, CH 154.6, CH 148.0, C 147.9, C 

3 139.2, C 138.1, C 123.3, C 122.2, C 137.2, C 137.2, C 

4 178.9, C 178.0, C 181.4, C 181.0, C 177.3, C 177.3, C 

5 162.0, C 160.8, C 153.0, C 153.7, C 162.5, C 162.5, C 

6 98.0, CH 97.7, CH 130.5, C 131.9, C 99.2, CH 99.3, CH 

7 165.5, C 165.1, C 155.2, C 153.2, C 165.6, C 165.8, C 

8 92.2, CH 92.2, CH 93.3, CH 94.3, CH 94.4, CH 94.4, CH 

9 156.8, C 156.2, C 153.6, C 157.9, C 158.2, C 158.2, C 

10 106.1, C 105.1, C 106.6, C 105.3, C 104.5, C 104.4, C 

1' 123.7, C 122.1, C 123.1, C 121.7, C 124.1, C 124.1, C 

2' 114.5, CH 115.0, CH 130.5, CH 130.6, CH 115.9, CH  116.0, CH 

3' 145.6, C 146.3, C 115.7, CH 115.5, CH 146.2, C 146.2, C 

4' 148.8, C 150.2, C 155.9, C 158.0, C 148.7, C 148.7, C 

5' 110.4, CH 111.8, CH 115.7, CH 115.5, CH 116.2, CH  116.2, CH 

6' 121.7, CH 120.3, CH 130.5, CH 130.6, CH 121.6, CH 121.6, CH 

OH-5       

OH-3'       

OCH3-3 60.2, C 59.6, C     

OCH3-6   61.0, C 60.4, C   

OCH3-7 55.9, C 56.0, C     

OCH3-4' 56.1, C 55.6, C     
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Table 2-5: 1I baw ώплл ϧ рлл aIȊΣ ʵH, multi. (J in Hz)] data in CD3OD and (CD3)2SO of other 
flavonoids isolated from R. minima 

aOverlapped with water signal. b,c,dIn the same column overlapped. eJ values not reported. 

NMR experiments were acquired in: ChD3OD, ̡ (CD3)2SO 

 

 

 

 

 

 

Position 2.3 2.2 2.5 

 Hɻ (J in Hz) Lit eh119 Hɻ (J in Hz) Lit 1̡21 Hɻ (J in Hz) Lit 1h23 

2       

3 6.58, s 6.48 6.77, s 6.68, s 6.55, s 6.52, s 

4       

5       

6   6.26, s 6.16, s   

7       

8 6.49, s 6.57   6.49, s 6.47, s 

9       

10       

1'       

2' 7.82, d (8.4) 7.82 8.02, d (8.4) 7.98, d (7.6) 7.37, s 7.34, m 

3' 6.91, d (8.4) 6.91 6.89, d (8.4) 6.88, d (8.4)   

4'       

5' 6.91, d (8.4) 6.91 6.89, d (8.4) 6.88, d (8.4) 6.90, d (8.1) 6.89, d (8.5) 

6' 7.82, d (8.4) 7.82 8.02, d (8.4) 7.98, d (7.6) 7.39, dd (8.1, 2.0) 7.35, dd 
(8.5, 1.5) 

1'' 4.91a 4.89 4.68, d (9.8) 4.74, d (9.8) 4.89, ma 4.90, d (9.0) 

2'' 4.17, t 4.16 3.83, t (9.40) 3.85, m 4.17, t (9.1) 4.16, t (9.0) 

3'' 3.48, mb 3.44 ς 3.52 3.26, mc 3.27, m 3.44, m 3.44, m 

4'' 3.48, mb 3.44 ς 3.52 3.37, mc 3.35, d (8.5) 3.47, md 3.49, m 

5'' 3.43, m 3.38 ς 3.44 3.23, m 3.27, m 3.46, md 3.49, m 

6'' 3.74, dd 
(12.2, 5.1) 
3.86, m 
(12.2, 1.9) 

3.73 
3.87 

3.52, m 
3.76, dd 
(12.32, 4.90) 

3.53, m 
3.75, d 
(11.2) 

3.73, dd (12.0, 
5.2) 
3.87 dd (12.0, 2.0) 

3.75, dd 
(12.0, 5.0) 
3.89, dd 
(12.0, 2.0) 

OH-5   13.16, s 13.14   
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Table 2-6: 13/ baw όмнр aIȊΣ ʵC) data in CDCl3 and CD3OD of some of the flavonoids isolated 
from R. minima 

NMR experiments were acquired in: ChD3OD, ̡ (CD3)2SO 

 

 

 

 

Position 2.3 2.2 2.5 

 Cɻ, type Lith 119 Cɻ, type Lit̡ 121 Cɻ, type Lith 123 

2 166.1, C 163.1, C 163.9, C 163.3, C 166.2, C 166.3, C 

3 103.8, 
CH 

102.2, CH 102.4, CH 102.1, CH 103.8, 
CH 

104.0, CH 

4 184.0, C 182.3, C 182.0, C 181.5, C 183.9, C 184.1, C 

5 162.0, C 157.0, C 160.3, C 161.2, C 162.0, C 162.1, C 

6 109.2, 
CH 

107.4, CH 98.1, CH 99.0, CH 109.3, C 109.2, C 

7 165.0, C 164.5, C 162.6, C 161.2, C 161.3, C 164.9, C 

8 95.2, C 93.5, C 104.6, C 104.7, C 95.3, CH 95.3, CH 

9 158.7, C 161.0, C 156.0, C 156.1, C 158.8, C 158.8, C 

10 105.1, C 103.5, C 104.0, C 103.1, C 105.7, C 105.3, C 

1' 123.0, C 121.4, C 121.6, C 121.5, C 123.4, C 123.6, C 

2' 129.4, 
CH 

127.7, CH 128.9, CH 128.7, CH 114.0, 
CH 

114.3, CH 

3' 117.0, 
CH 

115.3, CH 115.8, CH 115.8, CH 147.1, C 147.1, C 

4' 162.8, C 160.3, C 161.1, C 160.4, C 151.2, C 151.1, C 

5' 117.0, 
CH 

115.3, CH 115.8, CH 115.8, CH 116.8, 
CH 

116.9, CH 

6' 129.4, 
CH 

127.7, CH 128.9, CH 128.7, CH 120.3, 
CH 

120.4, CH 

1'' 75.2, CH 73.6, CH 73.3, CH 72.2, CH 75.3, CH 75.4, CH 

2'' 72.5, CH 70.9, CH 70.8, CH 70.9, CH 72.5, CH 72.7, CH 

3'' 80.1, CH 78.4, CH 78.6, CH 78.7, CH 80.1, CH 80.2, CH 

4'' 71.7, CH 70.0, CH 70.5, CH 70.5, CH 71.7, CH 71.9, CH 

5'' 82.6, CH 80.8, CH 81.8, CH 81.7, CH 82.6, CH 82.7, CH 

6'' 62.8, CH2 61.1, CH2 61.2, CH2 61.3, CH2 62.8, 
CH2 

63.0, CH2 
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2.7.2.2 Norisoprenoid 

Compound 2.84b was obtained as a white amorphous powder with the molecular formula of 

C11H16O3 as determined by its HRESIMS (m/z 197.1182 [M+H]+, calculated for C11H17O3, 

197.1178 [M+H]+) data. The signals of an olefinic proton [ɻ H 5.68 (1H, s, H-3)], two methylene 

protons [ɻ H 1.97 (1H, dt, J = 14.4, 2.6 Hz, H-рʰύΣ ʵH 1.52 (1H, dd, J = 14.4, 3.9 Hz, H-рʲύΣ ʵH 2.45 

(1H, dt, J = 14.0, 2.6 Hz, H-тʰύ ŀƴŘ ʵH 1.78 (1H, dd, J = 14.0, 3.9 Hz, H-тʲύ], a methine proton 

Hɻ 4.32 (1H, quint, J = 3.3 Hz, H-6), a geminal dimethyl group [ɻH 1.46 (3H, s, H-млύΣ ʵH 1.26 

(3H, s, H-11)] and a methyl group [ɻH 1.77 (3H, s, H-12)] were observed on the proton NMR 

spectrum. The 13C NMR spectrum showed distinctive signals of a lactone carbonyl, olefinic 

carbon and hydroxylated carbon at ɻC 172.1 (C-2), Cɻ 112.9 (C-оύ ŀƴŘ ʵC 66.8 (C-6), 

respectively. The COSY spectrum showed H-5a/H-5b and H-7a/H-7b/H-6 correlations. Long 

range correlations were observed between H-о όʵH 5.68) and C-4, C-8, C-9, and the carbonyl 

ŎŀǊōƻƴ ʵC 172.1 on the HMBC spectrum. The methyl protons at position 10 correlated to C-4 

and C-5 while the methyl group at position 11 had HMBC cross correlation with C-3, C-4, C-5 

and C-6 (Figure 2-30). Compound 2.84b was characterized as loliolide, and its analytical data 

is consistent with those previously reported124, 125. 

 

Figure 2-30: Structure of compound 2.84b showing some HMBC (arrows) and COSY (thick 
black line) correlations 
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2.7.2.3 Cyclitol 

Compound 2.63 was isolated as a white powder. The molecular formula was indicated to be 

C7H14O6 by its positive HRESIMS with m/z 217.0678 [M+Na]+ (calculated for C7H14O6Na, 

217.0688 [M+Na]+). The methoxy proton was observed at Hɻ 3.43, the other protons were 

detected ranging from ɻH 2.99 to ɻ H 3.62 with some of the signals obscured by the solvent 

peaks, and the hydroxy protons were visible as doublets from Hɻ 4.34 to ɻ H 4.73. It was 

observed that H-2 and C-3 and OCH3-3 and C-3 had obvious long-range connections on the 

HMBC spectrum. Compound 2.63 was elucidated as pinitol (Figure 2-31) as it had consistent 

NMR data with literature126, 127. 

 

Figure 2-31: Structure of compound 2.63 showing some HMBC (black arrows) correlations 
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Table 2-7: 1I baw ώплл aIȊΣ ʵH, multi. (J in Hz)] data in CDCl3 and (CD3)2SO of the 
norisoprenoid and cyclitol isolated from R. minima 

aOverlapped with (CD3)2SO signal. bSignals that can be interchanged. NMR experiments were 
acquired in: hCDCl3, ̡ D2O. 

 

 

 

 

 

 

 

 

Position 2.84b 2.63 

 Hɻ (J in Hz) Lith 128 Hɻ (J in Hz) Lit̡ 129 

1   3.62, m 4.01, m 

2   3.43, ma 3.77, d 

3 5.68, s 5.69, s 2.99, t (9.3) 3.35, t 

4   3.34, ma 3.66, d 

5 1.97, dt (14.4, 2.6) 
1.52, dd (14.4, 3.9) 

2.00 (14.4, 2.5) 
1.52, dd (14.6, 3.6) 

3.50, ma 3.82, dd 

6 4.32, quint (3.3) 4.33, m 3.62, m 4.01, m 

7 2.45, dt (14.0, 2.6) 
1.78, dd (14.0, 3.9) 

2.48, dt (13.9, 2.3) 
1.79, dd (13.9, 3.9) 

  

8     

9     

10 1.46, s 1.47, s   

11 1.26, s 1.27, s   

12 1.77, s 1.79, s   

OH-1   4.34, db (5.7)  

OH-2   4.48, db (6.4)  

OH-4   4.53, db (4.7)  

OH-5   4.65, brsb  

OH-6   4.73, brsb  

OCH3-3   3.43, s  
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Table 2-8: 13/ baw όтр ŀƴŘ млл aIȊΣ ʵC) data in CDCl3 and (CD3)2SO of the norisoprenoid and 
cyclitol isolated from R. minima 

 

 

 

 

 

 

 

 

 

 

NMR experiments were acquired in: ChDCl3, ̡ D2O. 

 

This study led to the isolation of six flavonoids, a norisoprenoid and a cyclitol. Previous 

phytochemical studies of the Rhynchosia genus revealed that it is a rich source of flavonoids 

and flavonoid glycosides. The investigation of R. minima has also resulted in the isolation of 

C-glycosylated flavonoids and sterols. Previous studies notwithstanding, this is the first report 

of the isolation of the flavonoids ayanin and tectorigenin and the norisoprenoid loliolide from 

the genus. C-glycosylated flavonoids such as vitexin and isoorientin have been obtained from 

the genus but not in R. minima. Only isovitexin, one of the eight compounds isolated in this 

study, has been previously reported from this species.  

 

Position 2.84b 2.63 

 Cɻ, type Lith 124 Cɻ, type Lit̡ 129 

1   72.5, CH 74.5, CH 

2 172.1, C 172.3, C 70.9, CH 73.4, CH 

3 112.9, CH 113.3, CH 83.8, CH 85.6, CH 

4 36.0, C 36.3, C 72.6, CH 74.9, CH 

5 47.3, CH2 47.7, CH2  70.1, CH 72.6, CH 

6 66.8, CH 67.2, CH 72.0, CH 73.3, CH 

7 45.7, CH2 46.0, CH2   

8 86.9, C 87.1, C   

9 182.7, C 182.8, C   

10 30.7, CH3 31.1, CH3   

11 26.5, CH3 26.9, CH3   

12 27.1, CH3 27.4, CH3   

OCH3-3   59.7, C 62.5, C 
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2.8 Biological studies 

Pharmacological studies on the antifungal efficacy of R. minima extracts are non-existent. 

Some species in the Rhynchosia genus have been documented to exhibit antifungal actions 

against selected fungal strains to varying degrees5, 13, 14. 

Minimum Inhibitory Concentration (MIC) experiments of the extracts were carried out against 

Candida albicans and Cryptococcus neoformans. According to Kuete130, plant extracts with 

MIC values lesser than 100 µg/mL are deemed significantly active, MIC values from 100 to 

625 µg/mL are moderately active, while MIC values greater than 625 µg/mL exhibit a weak 

activity. The hexane, DCM and EtOAc extracts were moderately active against C. albicans 

(Table 2-9), with the hexane (MIC = 312.50 µg/mL) having the best activity while the MeOH 

extracts exhibited weak activity. Against C. neoformans, the hexane, DCM and MeOH extracts, 

with MIC values of 625.00 µg/mL were moderately active, and the EtOAc extract (MIC = 

1250.00 µg/mL) was weak.  

Compounds 2.91, 2.84b, 2.63 and 2.104 were also screened against both fungal isolates. 

Other compounds were not screened due to the low yield obtained. Pure compounds with 

MIC values lesser than 10 µg/mL are significantly active, MIC values ranging from 10 to 100 

µg/mL are moderately active, while MIC values greater than 100 µg/mL are weak130. 

Compounds 2.84b and 2.104 exhibited antifungal activity comparable with the standard drug, 

amphotericin B, against C. albicans with MIC = 6.25 µg/mL. Compounds 2.84b and 2.104 also 

had better activity (MIC = 6.25 µg/mL) than the positive control, amphotericin B (MIC = 12.50 

µg/mL) against C. neoformans. Compound 2.63 was the least potent, with an MIC of 125 

µg/mL against both fungi, while compound 2.91 had moderate activity (MIC = 62.50 µg/mL) 

against C. albicans. 
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Table 2-9: Antifungal activity (MIC in µg/mL) of the extracts and selected compounds 

Compounds/Extracts Candida albicans 

ATCC 10231*  

Cryptococcus neoformans 

ATCC 32045*  

2.91 62.50 125.00 

2.84b 6.25 6.25 

2.63 125.00 125.00 

2.104 6.25 6.25 

Hexane 312.50 625.00 

DCM 625.00 625.00 

EtOAc 625.00 1250.00 

MeOH 1250.00 625.00 

Amphotericin B 6.25 12.50 

*  Standard deviation (SD) was 0.00 in all cases. Two separate experiments were performed in 
triplicates each. 

 

Flavonoids, a class of secondary metabolites that are widely found in plants, have been 

identified for their diverse biological activities131-133. The antifungal activities of flavonoids 

have also been documented134-136. Grayer and Harborne posited that flavonoids play a 

significant role in defending plants against microbial attack137. A study carried out by 

Sudheeran et al.138 revealed that glycosylated flavonoids possess strong antifungal properties 

and serve to protect fruits containing them against fungal attacks. Some glycosylated 

flavonoids isolated from Colubrina breggii were reported to show good antifungal activities 

(MIC values ranging from 16 to 63 µg/mL) against clinical isolates of Candida species139. 

Glycosylated flavonoids isolated from other medicinal plants also had good antifungal 

properties against C. albicans140. Even though the C-glycosylated flavonoids in this study were 

not screened, Latte and Kolodziej141 reported that vitexin, isovitexin and isoorientin were 

inactive at concentrations ranging from 1.7 to 2.3 µM against C. albicans and C. neoformans. 
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Quercetin isolated in our study exhibited a strong antifungal activity with an MIC of 6.25 

µg/mL against C. albicans and C. neoformans; a better activity was previously reported in 

which quercetin isolated from Leucosidea sericea had an MIC of 3.9 µg/mL against C. 

albicans118. A study conducted by Karioti and co-workers142 revealed that loliolide had 

moderate activities against selected fungal isolates with MIC ranging from 3.75 to 10 

nmol/mL. Loliolode isolated from the Chinese liverwort Tritomania quinquedentata were not 

active (MIC80 > 128 µg/mL) against five strains of  C. albicans143. Loliolide obtained from 

Ocotea minarum had weak antifungal activities (MIC 100 µg/mL) against three strains of 

Candida (C. albicans inclusive) and C. neoformans144. There could be various reasons for the 

observed differences in the antifungal activity of loliolide isolated from other sources as 

against the one reported in this study. Various strains of C. albicans and C. neoformans were 

used in the reported studies; hence we could emphasize the differences in the sensitivities of 

the strains against loliolide. Pinitol isolated from Artemisia species moderately inhibited the 

growth of C. albicans145. 

The cytotoxicity assay of the DCM, EtOAc and MeOH extracts revealed moderate activity 

against the A549 cell line, while all the plant extracts were moderately active against HeLa 

cancer cell line. Table 2-10 shows the LC50 results with values ranging from 0.18 mg/mL (DCM) 

to 0.79 mg/mL (hexane) against A549 cell line while results obtained against HeLa cells ranged 

from 0.24 mg/mL (DCM) to 0.33 mg/mL (EtOAc). The dichloromethane extract demonstrated 

the best cytotoxic potential against A549 and HeLa cancer cell lines with LC50 values of 0.18 

mg/mL and 0.24 mg/mL, respectively. The hexane and ethyl acetate extracts had the weakest 

activity against A549 and HeLa cancer cell lines with LC50 values of 0.79 mg/mL and 0.33 

mg/mL, respectively. 
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Table 2-10: In vitro cytotoxicity activity (LC50 values in mg/mL ± SD) of plant extracts against 
one normal and two cancerous cell lines 

Plant extracts Vero A549 HeLa 

Hexane 0.50 ± 0.14 0.79 ± 0.52 0.29 ± 0.13 

DCM 0.22 ± 0.11 0.18 ± 0.08 0.24 ± 0.01 

EtOAc 0.27 ± 0.02 0.34 ± 0.18 0.33 ± 0.12 

MeOH 0.42 ± 0.02 0.53 ± 0.48 0.31 ± 0.00 

Doxorubicin 

hydrochloride µM 

6.56 ± 0.65 3.00 ± 0.68 5.82 ± 1.04 

 

2.9 Conclusion 

The chemical profiling of the dichloromethane and ethyl acetate extracts resulted in the 

tentative identification of thirty-three compounds, which included flavonoids, flavonoid-C-

glycosides, polyols and fatty acids. Nine of the identified compounds have been previously 

isolated or identified in the Rhynchosia genus; to our knowledge, others are reported for the 

first time in the genus.  

Eight compounds were isolated and characterized in this study. Seven of the compounds ς 

ayanin (2.91), tectorigenin (2.88b), loliolide (2.84b), pinitol (2.63), vitexin (2.2), quercetin 

(2.104) and isoorientin (2.5) ς are reported from Rhynchosia minima for the first time, while 

isovitexin (2.3) has been previously isolated from the species. Four of the isolated compounds 

(2.91, 2.84b, 2.63 and 2.104) were screened against Candida albicans and Cryptococcus 

neoformans, two fungal isolates. Compounds 2.84b and 2.104, isolated from the plant, 

exhibited better activity than amphotericin B against C. neoformans, while their activities 

were comparable to amphotericin B against C. albicans. Compound 2.91 was moderately 

active against C. albicans but inactive against C. neoformans. Compound 2.63 was inactive 

against both fungi. The plant extracts were also screened for their cytotoxicity against two 
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cancerous cell lines. All the extracts were moderately active against HeLa cell line. Against 

A549 cell line, only the hexane extract demonstrated a weak activity. 

 

2.10 Experimental section 

2.10.1 General experimental procedure 

1D and 2D NMR were acquired at room temperature on either a Bruker Avance III 400 MHz 

ƻǊ ŀ .ǊǳƪŜǊ !ǾŀƴŎŜ LLL I5 рлл aIȊ ǎǇŜŎǘǊƻƳŜǘŜǊǎΦ ¢ƘŜ ŎƘŜƳƛŎŀƭ ǎƘƛŦǘǎ όʵύ were reported in 

parts per million (ppm), relative to the solvent residual peaks (CDCl3Σ ʵH тΦнс ŀƴŘ ʵC 77.16; 

MeODΣ ʵH оΦом ŀƴŘ ʵC 49.00 or DMSO-d6Σ ʵH нΦрл ŀƴŘ ʵC 39.52). The coupling constants (J) 

were measured in hertz (Hz). Solvents used to prepare the extracts and for chromatographic 

fractionation/purification were purchased from Radchem (Pty) Ltd. (Johannesburg, South 

Africa). Formic acid (LC-MS grade) used as an additive during LC-MS-SPE purification and 

deionized water were purchased from Microsep (Pty) Ltd. (Johannesburg, South Africa). 

HPLC-MS-SPE analyses of the fractions were performed on an Agilent-1260 Infinity HPLC 

coupled to a Bruker AmaZon SL ion trap, MS Bruker Prospect II SPE Interface and Bruker 

Sample Pro Tube sample handler. HRESIMS were recorded on a Waters Acquity UPLC system 

(Waters Corp., MA, USA) coupled to a QTOF Synapt G2 HDMS using electrospray ionization 

(ESI) in the positive and negative modes. 

Column chromatographic separations were performed using Silica gel 60 (0.063-0.200 mm, 

Merck) and Sephadex LH-20 (Pharmacia). Fractions collected from the columns were 

monitored using thin-layer chromatography plates (silica 60 F254, Merck) and observed under 

UV light (254 and 366 nm). 
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2.10.2 Plant collection and preparation 

The plant material, collected at Mabopane, Pretoria North, was supplied by Mr. Monare, a 

traditional healer. The plant was authenticated by Ms. Magda Nel as Rhynchosia minima var 

prostrata at the H.G.W.J. Schweickerdt Herbarium, University of Pretoria. The voucher 

specimen was deposited as PRU 127912. 

Finely ground R. minima leaves (1 kg) supplied by the traditional healer were extracted 

sequentially using hexanes, dichloromethane, ethyl acetate and methanol (5 × 5 L each) by 

subjecting to percolation for 24 hours at room temperature, with occasional shaking. The 

solvents were filtered using a Whatman filter paper (No 1). The crude extracts were obtained 

by concentrating to dryness under reduced pressure at 40 °C, using a rotary evaporator. The 

yields recovered were 21 g (2.1%), 11 g (1.1%), 5 g (0.5%) and 90 g (9%) for hexane 3A, 

dichloromethane (DCM) 3B, ethyl acetate (EtOAc) 3C, and methanol (MeOH) 3D extracts 

respectively. The extracts were stored in glass vials at 4°C until further use. 

2.10.3 Isolation and characterization 

The DCM extract (9.79 g) was fractionated on a silica gel column chromatography (CC) and 

eluted with hexanes ς EtOAc (8:2) in an increasing gradient to 100% EtOAc. The column was 

then washed with 5% methanol to afford sixteen fractions (9A to 9P). Fraction 10 (9J, 205 mg) 

was subjected to CC on silica gel and eluted with DCM ς acetone (9:1) with an increasing 

gradient up to 100% acetone, which afforded ten subfractions 20A to 20J. Subfractions 20D 

(17.4 mg) and 20E (4.7 mg) afforded compound 2.91. Subfraction 20H (8.9 mg) was subjected 

to LC-SPE to afford compound 2.88b (0.2 mg). Fraction 12 (9L, 290 mg) was loaded on a silica 

gel CC and eluted with DCM ς EtOAc (5:5) with an increasing gradient up to 100% EtOAc. This 

gave rise to eight subfractions (21A to 21H). Subfraction 21G (26.2 mg) was loaded on a 
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Sephadex LH-20 column and eluted with acetone ς DCM (1:1) to afford six subfractions 23A 

to 23F. Subfractions 23D (5.2 mg) and 23E (5.7 mg) afforded compound 2.84b. 

The EtOAc extract (3.4 g) was fractionated on a silica gel CC and eluted with 100% DCM with 

an increasing gradient of MeOH up to 100%. This yielded fifteen fractions (33A to 33O). 

Fractions 33J to 33L showed similar TLC profiles and 33J and 33K were combined. These 

combined fractions afforded a solid precipitate that was insoluble in a MeOH/chloroform 

(CHCl3) mixture. The soluble portion was loaded on a sephadex LH-20 column and eluted with 

MeOH ς CHCl3 (7:3) to afford seven subfractions (35A to 35G). Subfraction 35E (23.9 mg) was 

further purified on a sephadex LH-20 column and eluted with 100% MeOH to afford 36C as 

compound 2.3 (3.2 mg). Subfraction 35D (125.7 mg) was washed sequentially with DCM, 

acetone and MeOH; thereby affording compound 2.63 (19.9 mg). 

The MeOH extract (90 g) was suspended in distilled water in a 2 L separating funnel which 

was then partitioned with DCM, EtOAc and butanol (BuOH). This afforded: DCM (3.6 g, 4%), 

EtOAc (1.6 g, 1.8%) and BuOH (12.9 g, 14.3%) fractions. 802 mg of the EtOAc fraction was 

packed on a silica gel CC, eluted with DCM ς MeOH (40:1) with an increasing gradient up to 

1:1; six subfractions (45A to 45F) were obtained. A solid precipitated out of 45C, which gave 

rise to compound 2.2 (4.2 mg) after a thorough washing in MeOH. Subfraction 45B (82.1 mg) 

was loaded on a sephadex LH-20 column and eluted with 100% MeOH to afford compound 

2.104 (1.1 mg). The BuOH fraction was subjected to LC-SPE and yielded compound 2.5 (0.1 

mg). 

2.10.4 LC-SPE Isolation 

A Phenomenex Luna 5 µm polar column was used for LC-SPE purification. Thirty microlitres of 

10 mg/mL solution of subfraction 20H was injected. The mobile phase consisted of 0.1% 
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formic acid in methanol (solvent C) and 0.1% formic acid in water (solvent D) at a flow rate 

that differs for each sample. To aid trapping, water was continually injected at a 1.5 mL/min 

flow rate using the Knauer pump. The peaks eluting from the HPLC were trapped continuously 

on the Spark Holland GP SPE cartridges using the multitrapping function. The adsorbed 

compound was eluted with acetonitrile from the cartridges and evaporated. The sample was 

dried under a high vacuum and redissolved in the appropriate deuterated solvent before NMR 

analyses. 

Compound 2.88b was isolated with an LC flow rate of 0.4 mL/min, using the following method: 

linear gradient from 0 to 12 min (10ς95% C), 12ς20 min (95% C), 20ς22 min (95ς100% C), 22ς

26 min (100% C), 26ς28 (100ς10% C) and 28ς30 (10% C). 

Compound 2.5 was isolated using the method described as follows, with an LC flow rate of 

0.7 mL/min: linear gradient from 0 to 6 min (10ς40% C), 6ς15 min (40% C), 15ς23 min (40ς

50% C), 23ς25 min (50ς100% C), 25ς31 min (100% C), 31ς 33 min (100ς5% C) and 33ς35 (5% 

C). 

2.10.5 Chemical profiling 

A Waters Acquity UPLC system (Waters Corp., MA, USA) with a binary solvent delivery system 

and an autosampler was used to analyze the extracts. Data acquisition was realized using 

MassLynx 4.1 software (Waters Inc., Milford, MA, USA). The chromatography was achieved 

using a Phenomenex LunaOmega C18 100A (2.1 mm × 100mm, 1.6 µm) column. Water (with 

0.1% formic acid) used as solvent A and methanol (with 0.1% formic acid) as solvent B served 

as the mobile phase. The gradient elution was programmed as: 3% B (0ς0.1 min), 3ς100% B 

(0.1ς14 min), 100% B (14ς16 min), 100ς3% B (16ς16.5 min), 3% B (16.5ς20 min). The flow 

rate was kept at 0.3 mL/min, and the injection volume was 5 µL. The peaks from the UPLC 
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were detected by a QTOF Synapt G2 HDMS using electrospray ionization in the positive and 

negative modes. The compounds were tentatively identified by the accurate masses 

generated from MassLynx. The iFit value was considered, and the MS/MS fragmentation 

patterns were compared with matching compounds found in Metlin, ChemSpider, Chemical 

Entities of Biological Interest (ChEBI) and Kyoto Encylopedia of Genes and Genomes (KEGG) 

libraries. 

2.10.6 Analytical data of isolated compounds 

Ayanin (2.91): yellow solid, 1H-NMR (400 MHz, CDCl3) :ɻ 12.63 (1H, s, OH-5), 7.72 (1H, dd, J = 

8.6, 2.1 Hz, H-6'), 7.68 (1H, d, J = 2.1 Hz, H-2'), 6.96 (1H, d, J = 8.6 Hz, H-5'), 6.44 (1H, d, J = 2.2 

Hz, H-8), 6.34 (1H, d, J = 2.2 Hz, H-6), 5.72 (1H, s, OH-3'), 3.98 (3H, s, OCH3-4'), 3.87 (3H, s, 

OCH3-7), 3.86 (3H, s, OCH3-3). 13C-NMR (100 MHz, CDCl3) ɻ : 178.9 (C-4, C), 165.5 (C-7, C), 162.0 

(C-5, C), 156.8 (C-9, C), 155.7 (C-2, C), 148.8 (C-4', C), 145.6 (C-3', C), 139.2 (C-3, C), 123.7 (C-

1', C), 121.7 (C-6', CH), 114.5 (C-2', CH), 110.4 (C-5', CH), 106.1 (C-10, C), 98.0 (C-6, CH), 92.2 

(C-8, CH), 60.2 (OCH3-3, CH3), 56.1 (OCH3-4', CH3), 55.9 (OCH3-7, CH3). HR-MS: 345.0983 

[M+H]+ (calc for C18H17O7, 345.0974). 

Tectorigenin (2.88b): colourless solid, 1H-NMR (500 MHz, CDCl3) :ɻ 13.10 (1H, s, OH-5), 7.86 

(1H, s, H-2), 7.40 (2H, d, J = 8.5 Hz, H-2', 6'), 6.91 (2H, d, J = 8.5 Hz, H-3', 5'), 6.52 (1H, s, H-8), 

4.03 (3H, s, OCH3-6). 13C-NMR (125 MHz, CDCl3) :ɻ 181.4 (C-4, C), 155.9 (C-4', C), 155.2 (C-7, 

C), 153.6 (C-9, C), 153.0 (C-5, C), 152.7 (C-2, CH), 130.5 (C-6, C), 130.5 (C-2', 6', CH), 123.3 (C-

3, C), 123.1 (C-1', C), 115.7 (C-3', 5', CH), 106.6 (C-10, C), 93.3 (C-8, CH), 61.0 (OCH3-6, CH3). 

HR-MS: 301.0713 [M+H]+ (calc for C16H13O6, 301.0712). 

Loliolide (2.84b): white amorphous powder, 1H-NMR (400 MHz, CDCl3) :ɻ 5.68 (1H, s, H-3), 

4.32 (1H, quint, J = 3.3 Hz, H-6), 2.45 (1H, dt, J = 14.0, 2.6 Hz, H-7a), 1.97 (1H, dt, J = 14.4, 2.6 
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Hz, H-5a), 1.77 (1H, dd, J = 14.0, 3.9 Hz, H-7b), 1.52 (1H, dd, J = 14.4, 3.9 Hz, H-5b), 1.77 (3H, 

s, H-12), 1.46 (3H, s, H-10), 1.26 (3H, s, H-11). 13C-NMR (75 MHz, CDCl3) ɻ : 182.7 (C-9, C), 172.1 

(C-2, C), 112.9 (C-3, CH), 86.9 (C-8, C), 66.8 (C-6, CH), 47.3 (C-5, CH2), 45.7 (C-7, CH2), 36.0 (C-

4, C), 30.7 (C-4, CH3), 27.1 (C-12, CH3), 26.5 (C-11, CH3). HR-MS: 197.1182 [M+H]+ (calc for 

C11H17O3, 197.1178). 

Isovitexin (2.3): yellow solid, 1H-NMR (400 MHz, CD3OD) :ɻ 7.82 (2H, d, J = 8.4 Hz, H-2', 6'), 

6.91 (2H, d, J = 8.4 Hz, H-3', 5'), 6.58 (1H, s, H-3), 6.49 (1H, s, H-8), 4.91 (1H, overlapped with 

water signal, H-1''), 4.17 (1H, t, H-2''), 3.86 ς 3.89 (1H, m, J = 12.2, 1.9 Hz, H-6''b), 3.74 (1H, 

dd, J = 12.2, 5.1 Hz, H-6''a), 3.45 ς 3.49 (2H, m, H-3'', 4''), 3.42 ς 3.44 (1H, m, H-5''). 13C-NMR 

(125 MHz, CD3OD) :ɻ 184.0 (C-4, C), 166.1 (C-2, C), 165.0 (C-7, C), 162.8 (C-4', C), 162.0 (C-5, 

C), 158.7 (C-9, C), 129.4 (C-2', 6', CH), 123.0 (C-1', C), 117.0 (C-3', 5', CH), 109.2 (C-6, CH), 105.1 

(C-10, C), 103.8 (C-3, CH), 95.2 (C-8, CH), 82.6 (C-5'', CH), 80.1 (C-3'', CH), 75.2 (C-1'', CH), 72.5 

(C-2'', CH), 71.7 (C-4'', CH), 62.8 (C-6'', CH2). HR-MS: 433.1134 [M+H]+ (calc for C21H21O10, 

433.1135). 

Pinitol (2.63): white powder, 1H-NMR (400 MHz, (CD3)2SO) ɻ : 3.60 ς 3.64 (2H, m, H-1, 6), 3.47 

(3H, s, OCH3-3), 3.30 ς 3.52 (3H, m, H-2, 4, 5), 2.99 (1H, t, J = 9.3 Hz, H-3), 4.34 (1H, d, J = 5.6 

Hz, OH), 4.48 (1H, d, J = 6.4 Hz, OH), 4.53 (1H, d, J = 4.6 Hz, OH), 4.65 (1H, brs, OH), 4.73 (1H, 

brs, OH). 13C-NMR (100 MHz, (CD3)2SO) :ɻ 83.8 (C-3, CH), 72.6 (C-4, CH), 72.5 (C-1, CH), 72.0 

(C-6, CH), 70.9 (C-2, CH), 70.1 (C-5, CH), 59.7 (OCH3-3, CH3). HR-MS: 217.0678 [M+Na]+ (calc 

for C7H14O6Na, 217.0688). 

Vitexin (2.2): yellow amorphous solid, 1H-NMR (400 MHz, (CD3)2SO) :ɻ 13.16 (1H, s, OH-5), 

8.02 (2H, d, J = 8.4 Hz, H-2', 6'), 6.89 (2H, d, J = 8.4 Hz, H-3', 5'), 6.77 (1H, s, H-3), 6.26 (1H, s, 

H-6), 4.68 (1H, d, J = 9.8 Hz, H-1''), 3.83 (1H, t, J = 9.4 Hz, H-2''), 3.76 (1H, dd, J = 12.3, 4.9 Hz, 
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H-6''b), 3.49 ς 3.54 (1H, m, H-6''a), 3.37 ς 3.40 (1H, m, H-4''), 3.20 ς 3.29 (2H, m, H-3'', 5''). 

13C-NMR (125 MHz, (CD3)2SO) :ɻ 182.0 (C-4, C), 163.9 (C-2, C), 162.6 (C-7, C), 161.1 (C-4', C), 

160.3 (C-5, C), 156.0 (C-9, C), 128.9 (C-2', 6', CH), 121.6 (C-1', C), 115.8 (C-3', 5', CH), 104.6 (C-

8, C), 104.0 (C-10, C), 102.4 (C-3, CH), 98.1 (C-6, CH), 81.8 (C-5'', CH), 78.6 (C-3'', CH), 73.3 (C-

1'', CH), 70.8 (C-2'', CH), 70.5 (C-4'', CH), 61.2 (C-6'', CH2). HR-MS: 433.1137 [M+H]+ (calc for 

C21H21O10, 433.1135). 

Quercetin (2.104): yellow amorphous powder, 1H-NMR (400 MHz, CD3OD) :ɻ 7.73 (1H, d, J = 

2.0 Hz, H-2'), 7.63 (1H, dd, J = 8.5, 2.0 Hz, H-6'), 6.88 (1H, d, J = 8.5 Hz, H-5'), 6.38 (1H, d, J = 

1.9 Hz, H-8), 6.18 (1H, d, J = 1.9 Hz, H-6). 13C-NMR (125 MHz, CD3OD) :ɻ 177.3 (C-4, C), 165.6 

(C-7, C), 162.5 (C-5, C), 158.2 (C-9, C), 148.7 (C-4', C), 148.0 (C-2, C), 146.2 (C-3', C), 137.2 (C-

3, C), 124.1 (C-1', C), 121.6 (C-6', CH), 116.2 (C-5', CH), 115.9 (C-2', CH), 104.5 (C-10, C), 99.2 

(C-6, CH), 94.4 (C-8, CH). HR-MS: 303.0508 [M+H]+ (calc for C15H11O7, 303.0505). 

Isoorientin (2.5): light yellow solid, 1H-NMR (500 MHz, CD3OD) ɻ : 7.39 (1H, dd, J = 8.1, 2.0 Hz, 

H-6'), 7.37 (1H, s, H-2'), 6.90 (1H, d, J = 8.1 Hz, H-5'), 6.55 (1H, s, H-3), 6.49 (1H, s, H-8), 4.89 

(1H, overlapped with water signal, H-1''), 4.17 (1H, t, J = 9.1 Hz, H-2''), 3.87 (1H, dd, J = 12.2, 

2.0 Hz, H-6''b), 3.73 (1H, dd, J = 11.9, 5.3 Hz, H-6''a), 3.44 ς 3.48 (3H, m, H-3'', 4'', 5''). 13C-NMR 

(125 MHz, CD3OD) :ɻ 183.9 (C-4, C), 166.2 (C-2, C), 162.0 (C-5, C), 161.3 (C-7, C), 158.8 (C-9, 

C), 151.2 (C-4', C), 147.1 (C-3', C), 123.4 (C-1', C), 120.3 (C-6', CH), 116.8 (C-5', CH), 114.0 (C-

2', CH), 109.3 (C-6, C), 105.7 (C-10, C), 103.8 (C-3, CH), 95.3 (C-8, CH), 82.6 (C-5'', CH), 80.1 (C-

3'', CH), 75.3 (C-1'', CH), 72.5 (C-2'', CH), 71.7 (C-4'', CH), 62.8 (C-6'', CH2). HR-MS: 449.1089 

[M+H]+ (calc for C21H21O10, 449.1084). 
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2.10.7 Antifungal assay 

2.10.7.1 Fungal test organisms 

The fungal isolates Candida albicans (ATCC 10231) and Cryptococcus neoformans (ATCC 

32045) were retrieved from the culture collection of the Phytomedicine programme, 

Department of Paraclinical Sciences, Faculty of Veterinary Science, University of Pretoria. The 

fungi were maintained in Sabouraud Dextrose (SD) agar (Oxoid, Basingstoke, UK). 

2.10.7.2 Quantitative antifungal activity by minimum inhibitory assay 

The antifungal activity of the extracts and isolated compounds were determined using a 

previously described method146. The crude extracts and compounds were solubilized in 

acetone to a concentration of 10 mg/mL and 1 mg/mL, respectively and a two-fold serial 

dilution using sterile distilled water was performed. Overnight cultures of Candida albicans 

and Cryptococcus neoformans, appropriately adjusted to 0.5 McFarland standard in 

Sabouraud broth, were added to the wells. Amphotericin-B was used as the positive control, 

while acetone was the negative control. Forty µL of 0.2 mg/mL of p-iodonitrotetrazolium 

violet (INT) dissolved in sterile water was added to each microplate well as an indicator of 

growth. The plates were incubated for 48 h at 35°C. The minimum inhibitory concentration 

(MIC) was recorded as the lowest concentration of the extracts or compounds that inhibited 

antifungal growth. 

2.10.8 Cytotoxicity assay 

The plant extracts were subjected to cytotoxicity using the 3-(4,5-dimethylthiazole-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) based colorimetric assay. Two human cancer cell lines, 

epitheloid cervix carcinoma (HeLa, ATCC CCL-2) and lung carcinoma (A549, ATCC CCL-185), 

maintained ƛƴ 5ǳƭōŜŎŎƻΩǎ aƻŘƛŦƛŜŘ 9ŀƎƭŜǎ aŜŘƛǳƳ ό5a9aΣ Iȅ/ƭƻƴŜΣ ¢ƘŜǊƳƻ {ŎƛŜƴǘƛŦƛŎΣ !ŀƭǎǘΣ 

Belgium) supplemented with 0.4 mM L-glutamine, sodium pyruvate, 1% 



75 
 

penicillin/streptomycin and 10% foetal bovine serum (FBS, HyClone, Thermo Scientific) were 

used to assay the anticancer activity of the plant extracts. The Vero African monkey kidney 

cell line (ATCC CCL-81), maintained in Minimal Essential Medium (MEM) supplemented with 

0.1% gentamicin and 5% foetal calf serum (FCS) was used to evaluate the cytotoxicity of the 

plant extracts towards normal cells. The cell lines were purchased from the American Type 

Culture Collection (ATCC). 

A previously described method was utilized in this study147. Cells from a sub-confluent culture 

were harvested with 3 mL of trypsin-EDTA (HyClone, Thermo Scientific) and centrifuged for 5 

minutes at 200 g. Cell suspensions (100 µL) were inoculated at plating densities based on the 

growth characteristics of each cell into wells of columns 2 to 11 of a 96-well microtitre plate. 

Wells in columns 1 and 12 contained medium alone to counter evaporation. The microtitre 

plates were incubated in a 5% CO2 atmosphere at 37°C overnight until the cells were in the 

exponential growth phase. Different concentrations of the test samples (100 µL) were added 

to the wells after incubation. Each dilution of the test sample was tested in quadruplicate. 

The microtitre plates were incubated again at 37°C for 48 h in a 5% CO2 atmosphere. Cells 

treated with doxorubicin hydrochloride (Sigma-Aldrich, GmBH, Schnelldorf, Germany) and 

untreated cells were included as positive and negative controls, respectively. 

After incubation, the medium was removed from the cells and each well washed with 

phosphate buffered saline (PBS) before fresh medium (200 µL) was added to each well. 

Following this, 30 µL of 5 mg/mL MTT (Sigma) in PBS was added to each well and the plates 

were further incubated for 4 h at 37°C. The medium was removed afterwards, and the 

formazan crystals formed were dissolved with 50 µL of dimethyl sulfoxide (DMSO). The MTT 

reduction was measured immediately by detecting the absorbance using a microplate reader 
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at 570 nm and 630 nm (reference wavelength). The wells in columns 1 and 12 containing the 

medium and MTT, but no cells were used to blank the microplate reader and the formula 

below was used to calculate the percentage cell viability: 

Percentage cell viability = 
   

   
ρππ 

The LC50 values were calculated as the concentration of the test sample that resulted in 50% 

reduction of absorbance compared to untreated cells. 
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Chapter 3 Identification and isolation of bioactive compounds from 

Phragmites mauritianus 

3.1 Phragmites genus and its distribution 

The Phragmites genus is commonly known as reed and abundant in marshes. They belong to 

the tribe Molinieae and the family Poaceae. The Poaceae family are best known as grasses1. 

Clevering and Lissner2 reported that the genus has four species, whereas Chen and co-

workers3 reported the presence of about ten species in the genus. Phragmites species are the 

most common plants in wetlands4. Phragmites are distributed in tropical and cold areas 

across the Southern and Northern hemispheres, with the species having only slight 

differences (Figure 3-1)5, 6. Three species of the Phragmites genus are found in Africa, one of 

which is Phragmites mauritianus Kunth.7; Lambertini et al.8 described it as a tropical African 

species. 

 

Figure 3-1: A map of the world showing the distribution of Phragmites mauritianus. Source: 
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:415950-1 

 

3.2 Some uses of the Phragmites genus 

Phragmites australis (Cav.) Trin. ex Steud. is reported to possess neutraceutical potential, and 

the rhizomes are a traditional source of starch in Southern Africa9. It is used as food for cattle 
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due to its nutritional content10. Phragmites australis is one of the grasses used for thatching 

and house construction10, 11. The whole plant without the root of P. australis is used as an 

antidiarrheal treatment in bovines12. 

The roots and rhizomes of P. australis, along with seven other herbs, are the components of 

a known Chinese patent medicine, Sangju Ganmao tablet13. This medicine is used to treat cold 

and its symptoms in clinical practice. A report by Rahmatullah et al.14 showed that the whole 

plant of P. australis is used in the rural parts of Bangladesh to treat diabetes; however, no in-

vivo or in-vitro study has been reportedly carried out to this effect15.  

Phragmites rhizoma (PR) is the fresh or dehydrated rhizomes of the reed Phragmites 

communis Trinius, and it is often used in Chinese traditional medicine16. Phragmites rhizoma 

is used traditionally by the Chinese as a remedy for tetrodotoxin poisoning; it is also used to 

treat cancer of the oesophagus, lung abscesses, fever and inflammation17, 18. Koreans also use 

phragmites rhizoma to treat pulmonary tuberculosis, pulmonary oedema and pulmonary 

abscesses19.  

 

3.3 Pharmacology of Phragmites genus 

The ethyl acetate extract of P. australis rhizome was reported to exhibit antidiabetic 

properties, likely related to the activation of peroxisome proliferator-activated receptors 

(PPARɹ)20. The phytoconstituents responsible for the activity and the mechanism of action 

are still unknown. The cytotoxic potential of P. australis was reported by Sohaib et al.21 with 

400 µƎκƳ[ ƻŦ ǘƘŜ ǎƘƻƻǘΩǎ ŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘ ŜȄƘƛōƛǘƛƴƎ ŀ ол҈ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀƎŀƛƴǎǘ IŜǇDн ŎŀƴŎŜǊ 

cell lines after 48 hours of incubation.  
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The methanolic extract of Phragmites karka (Retz.) Trin. ex Steud. leaves was active against 

Actinobacter species, Salmonella paratyphi and Staphylococcus aureus, with the zone of 

inhibitions reported as 9.4 millimetre (mm), 10 mm and 11 mm, respectively22. The findings 

further revealed that the diethyl ether extract showed activity against Staphylococcus aureus 

and Pseudomonas aeruginosa at 13 and 12.4 mm zones of inhibition, respectively. When 

phenobarbitone was used to induce sleep in Swiss albino mice, the methanol extract of P. 

karka exhibited a central nervous system depressant activity by decreasing sleep latency and 

increasing the duration of sleep23. Sultan et al.23 further reported that the petroleum ether 

fraction had hypoglycemic activity as it reduced the blood sugar of normoglycemic mice by 

78% after 30 minutes compared to the standard, glibenclamide, which reduced by 72%. The 

antidiarrheal and analgesic properties of the extract and fractions of P. karka were also 

documented in the study. 

In another study, the ethanolic leaf extract of P. karka demonstrated anti-inflammatory 

potential with a 50 mg/kg extract dosage exhibiting a 66% inhibition; in contrast, a 25 mg/kg 

extract dosage had a 51% inhibition against carrageenan-induced paw edema24. The study 

compared the extracts with a non-steroidal anti-inflammatory compound, phenylbutazone, 

which had a 76% at 100 mg/kg. 

The ethanol extract of the whole plant of Phragmites vallatoria (Pluk. ex L.) Veldkamp had 

poor antiviral activities with EC50 values greater than 100 µg/mL against the enterovirus, 

yellow fever and chikungunya viruses25. Joshi et al.26 also documented the antiplasmodial, 

antileishmanial and cytotoxicity against MRC-5 cell line of the methanol extract of the whole 

plant of P. vallatoria. A good antimalarial activity with an IC50 value of 12 µg/mL against 

Plasmodium falciparum, a weak antileishmanial activity with an IC50 value greater than 128 



100 
 

µg/mL against Leishmania infantum and a cytotoxicity (CC50) value of 63.9 were recorded in 

the study. Krishna et al.27 observed that the ethanol extract of P. vallatoria induced wound 

healing in streptozocin-induced diabetic rats.  

 

3.4 Phytochemistry and some biological studies of compounds isolated from Phragmites 

genus  

Previous phytochemical and pharmacological studies of the genus resulted in the isolation of 

different classes of compounds as described below. 

3.4.1 Phenolic compounds and lignans 

Choi et al.28 screened the acetone extract of Phragmites rhizome (PR) for its ability to be used 

as a natural whitening agent. A bio-guided isolation led to the isolation of two phenolic 

compounds ς methyl gallate (3.1) (Figure 3-2) and p-hydroxycinnamic acid (3.2) ς and two 

lignans ς (+)-lyoniresinol (3.3) and (+)-lyoniresinol-9-O- -̡glucopyranoside (3.4). These 

compounds were found to inhibit tyrosinase activity and melanin synthesis compared to the 

positive control, kojic acid and arbutin. It was, therefore, suggested that the phenolic 

compounds could serve as skin whitening cosmetic agents. The phenolic compounds vanillic 

acid (3.5), ferulic acid (3.6) and p-hydroxybenzaldehyde (3.7) were isolated from the rhizome 

extracts of P. communis29. 
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Figure 3-2: Structures of phenolic compounds and lignans isolated from Phragmites genus 

 

Methyl gallate (3.1) isolated from Rosa gallica demonstrated potent lipase and hyaluronidase 

inhibitory activities with 43.6% and 50.2% inhibition, respectively30. It also had minimal h-

glucosidase inhibition at 3.7%. Compound 3.1 isolated from mushroom, Pholiota adiposa, was 

found to be a potent antioxidant as it was able to scavenge superoxide anions and inhibit 

erythrocyte hemolysis31. However, it performed poorly in its ability to scavenge hydroxy 

radicals and lipid peroxide inhibition. Wang et al.31 also reported methyl gallate (3.1) to 

possess strong anti-HIV activities. It prevented the replication of HIV-1 in TZM-BL cells that 

were infected by a pseudovirus with an IC50 value of 11.9 µM. A bio-guided isolation by 

Eltayeb and co-workers32 identified compound 3.1 as a promising antileishmanial agent with 

IC50 and IC90 values of 4.6 and 8 µg/mL, respectively. The anti-inflammatory and anti-tumour 

activities of methyl gallate (3.1) are also well documented33-35. 

An investigation of the Safflower injection, the dried floret of Carthamus tinctorius, yielded p-

hydroxycinnamic acid (3.2) and p-hydroxybenzaldehyde (3.7)36. Compounds 3.2 and 3.7 

exhibited good in vitro anticoagulant activity by prolonging the activated partial 

thromboplastin time (APTT) and prothrombin time (PT) against human plasma36. Wright et 

al.37 reported the poor cytotoxicity of p-hydroxybenzaldehyde (3.7) to KB cells, Plasmodium 

falciparum clones D6 and W2 with IC50 values of >20000, 7330 and 5560 ng/mL, respectively. 

A minimal antimicrobial activity by compound 3.7, as evidenced by 8, 7 and 7 mm inhibition 
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zones against Staphylococcus aureus, Candida albicans, and Candida tropicalis, respectively, 

was reported by Bouaicha et al.38. p-Hydroxybenzaldehyde (3.7) isolated from the rhizomes 

of Alpinia galanga had moderate cytotoxicity with IC50 values of 39.9, 14.8, 12.9, 21.4, 30.9 

and 25.7 µg/mL against cancer cell lines A549, Colo-205, A431, NCI H460, PC-3 and HT-29, 

respectively39. Wang et al.40, however, declared the p-hydroxybenzaldehyde (3.7) isolated 

from Kalimeris indica to be inactive against SMMC7721, MCF-7, K562 and A549 human 

tumour cell lines. Caparica et al.41 screened ferulic acid (3.6) and p-hydroxycinnamic acid (3.2) 

for their cytotoxicity against 786-O human renal cancer cells via the MTT and CV assays; at 

maximum concentrations of 250 µM, none of the compounds was cytotoxic against the cell 

line. At increased concentrations of 500 and 1000 µM, compound 3.2 exhibited a cytotoxic 

effect against the renal cancer cells. 

p-Hydroxycinnamic acid (3.2) inhibited the root length of Bidens pilosa and reduced the 

ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ŦǊŜǎƘ ǎŜŜŘƭƛƴƎǎΤ ƛǘ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ŘŜŎƭŀǊŜŘ ŀǎ ŀ ǇƘȅǘƻǘƻȄƛŎ ŀƎŜƴǘ42. 

Vanillic acid (3.5) showed hepatoprotective activity by suppressing hepatic fibrosis in the 

chronic liver injury of mice43. The nephroprotective ability of compound 3.5 against cisplatin-

induced nephrotoxicity in Wistar rats was observed by Sindhu et al.44. The report inferred that 

the observation might be due to its potent antioxidant and anti-inflammatory activities. The 

neuroprotective, cardioprotective, analgesic and anti-inflammatory effects of vanillic acid 

(3.5) in vitro are also documented, and the mode of actions were established45-47. 

(-)-Lyoniresinol, (+)-lyoniresinol (3.3), ferulic acid (3.6), and vanillic acid (3.5) showed no 

antibacterial activity against Heliobacter pylori strain 51 and strain 43504. Their ability to stem 

neuroinflammation was also measured via their ability to inhibit nitric oxide (NO) production 

in LPS-activated murine microglia BV-2 cells; compound 3.3 was more potent than a known 
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iNOS inhibitor, L-NMMA, with an IC50 value of 12.31 µM compared to L-baa!Ωǎ нмΦто µM48. 

(-)-Lyoniresinol inhibited moderately (IC50 value = 21.73 µM), while compounds 3.5 and 3.6 

had weak activities with IC50 values of 72.09 and >500 µM, respectively. Wang et al.49 reported 

the anti-inflammatory activity of (+)-lyoniresinol (3.3) based on its ability to inhibit the 

production of nitric oxide (NO) in LPS-stimulated murine macrophage RAW 264.7 cells as 

weakly active (IC50 value = 86.76 µM). 

 

3.4.2 Alkaloids 

A study by Chen and co-workers3 led to the isolation of N-p-coumaroyl serotonin (3.8) (Figure 

3-3), N-p-coumaroyl tryptamine (3.9) and two novel alkaloids, phranisine A (3.10) and 

phranisine B (3.11) from the roots of P. australis. These alkaloids were screened against HeLa 

and MCF-7 cancer cell lines with compounds 3.9 to 3.11 exhibiting moderate cytotoxic 

activities with IC50 values ranging from 13.2 to 18.6 µM. 
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Figure 3-3: Structures of alkaloids isolated from Phragmites genus 

 

N-p-coumaroyl serotonin (3.8) was toxic in brine shrimp lethal assay (LD50 = 0.032 mg/mL) 

and also inhibited the growth of some bacterial strains50. A study by Hodaj et al.51 revealed 

that compound 3.8 did not inhibit soybean lipoxygenase while using sodium linoleate as the 

substrate; however, Seo et al.52 observed a potent mushroom tyrosinase inhibition with IC50 

= 8.8 µM. 

 

3.4.3 Flavonoids 

An investigation of the flowering tops of P. australis by Fossen and Andersen30 led to the 

isolation of three anthocyanins elucidated as cyanidin 3-O-(6''-O-succinyl- -̡glucopyranoside) 

(3.12) (Figure 3-4), cyanidin 3-O-(6''-O-malonyl- -̡glucopyranoside) (3.13) and cyanidin 3-O- -̡

glucopyranoside (3.14). These compounds were obtained from the acidified methanol extract 

of the flowering tops. An O-methylated flavone, tricin (3.15), was isolated from the ears of P. 

communis by Woo and colleagues31. 
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Figure 3-4: Structures of flavonoids isolated from Phragmites genus 

 

Weston et al.55 reported that tricin (3.15) acted as an allelochemical by inhibiting the 

elongation of the radicle of Lepidium sativum at a concentration less than 125 µg/mL, which 

was also corroborated by Kong and co-workers56, who realized that tricin (3.15) at low 

concentrations inhibited the growth of the weeds Echinochloa crusgalli and Cyperus difformis. 

Moreno et al.42, however, found that tricin (3.15) did not possess phytotoxic activity at a 

maximum concentration of 250 µg/mL. Compound 3.15 decreased lipid accumulation and 

was therefore reported as a potent anti-adipogenic agent57. The anthocyanin, cyanidin 3-O-
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-̡glucopyranoside (3.14) was reported to induce apoptosis in leukaemia cell lines in vitro58, 

59. 

 

3.4.4 Other isolated compounds 

Stigmasta-3,5-dien-7-one (3.16) (Figure 3-5) isolated from the ethanolic crude extract of 

Phragmites rhizoma was found to possess anti-inflammatory properties in LPS-induced 

RAW264.7 cells17. Li and Hu32 isolated a novel antialgal allelochemical, ethyl 2-

methylacetoacetate (3.17), from the ethanol extract of P. communis. The compound 

exhibited its allelopathic activity against Chlorella pyrenoidosa and Microcystis aeruginosa 

with EC50 values of 0.49 and 0.65 mg/L, respectively. 

Sugar is one of the main constituents of P. communis; it is primarily found in the rhizome. 

PRP-2, an acidic polysaccharide isolated from Phragmites rhizoma, exhibited anti-

inflammatory potential by protecting RAW246.7 macrophages from lipopolysaccharide-

induced cytotoxicity33. 

 

 

Figure 3-5: Structures of more compounds isolated from Phragmites genus 
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3.5 Phragmites mauritianus 

Fanshawe62 described Phragmites mauritianus YǳƴǘƘΦ ŀǎ άŀƴ ŀǉǳŀǘƛŎ ƻǊ ǎŜƳƛ-aquatic 

perennial reed with a long stout creeping rhizomes to 8 m or longer and erect culms 2 to 8 m 

high and up to 4 cm diameter often woody and bamboo-ƭƛƪŜέ όCƛƎǳǊŜ о-6). The flowering 

season runs from June until October, and fruits between September and January. The markers 

observed in P. mauritianus resulted in Canavan et al.4 suggesting that the species should be 

considered native to Southern Africa. Phragmites mauritianus spans across Southern and 

tropical Africa (Figure 3-1), and it is replaced in the Northern and Western parts of Africa by 

Phragmites karka, a closely related species62. P. mauritianus ƛǎ ŎŀƭƭŜŘ άƭŜtlƘŀƪŀέ ƭƻŎŀƭƭȅ ōȅ 

South Africans. An ethnomedicinal report provided by a South African traditional healer 

revealed it is used in cancer treatment. 

The literature search prior to this study yielded no previous phytochemical study of the reed, 

P. mauritianus. 
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Figure 3-6: Pictures of Phragmites mauritianus. Source: 
https://www.inaturalist.org/observations/28995054  

 

3.6 Results and discussion 

3.6.1 Isolation and characterization of compounds 

Reeds are rich in lignin63, and the most effective way of sustainably producing phenolics is 

from lignin64. Podgorbunskikh et al.65 described the stem (culm) of the common reed as a 

lignin-rich material with acid-insoluble lignin accounting for 40% of the stem biomass. Some 

studies66-68 have reported different methods of obtaining phenolic compounds from lignin. In 

like manner, this study led to the isolation of phenolics and other compounds. 

3.6.1.1 Phenolics 

Compound 3.18 was isolated as a yellow solid with the molecular formula C9H10O4. The 

molecular ion peak at m/z 183.0650 [M+H]+, (calculated for C9H11O4, 183.0657) was observed 
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on the HRESIMS data. A fragment at m/z мопΦфтпл ώaҌIҍI2hҍ/I3O]+ indicated the loss of 

an hydroxy and a methoxy substituent. An aromatic signal integrating for two protons was 

observed at ɻH 7.15 (2H, s, H-2, 6), serving as a pointer that the benzene moiety was tetra-

substituted. Furthermore, two identical methoxy proton signals ŀǘ ʵH 3.97 (6H, s, OCH3-3, 5), 

an aldehydic proton signal ŀǘ ʵH 9.82 (1H, s, CHO-1) and a hydroxy proton signal ŀǘ ʵH 6.04 

(1H, s, OH-4) were visible on the 1H NMR spectrum. The carbonyl of the aldehyde was 

observed at Cɻ 190.9 (CHO-мύ ŀƴŘ ǘƘŜ ƳŜǘƘƻȄȅ ŎŀǊōƻƴǎ ŀǇǇŜŀǊŜŘ ŀǘ ʵC 56.6 (OCH3-3, 5). The 

observed data and literature values69 aided the confirmation of compound 3.18 as 3,5-

dimethoxy-4-hydroxybenzaldehyde, commonly known as syringaldehyde (Figure 3-7).  

Compound 3.2 was obtained as a white solid. The molecular formula was deduced as C9H8O3 

from the HRESIMS (m/z мсоΦлпсс ώaҍIϐҍ, calculated for C9H7O3, 163.0395) and NMR data. 

¢ƘŜ ώнaҍIϐҍ adduct at m/z 327.0917 was the base peak. A fragment depicting 

decarboxylation was seen at m/z ммфΦлрсм ώaҍппϐҍ. An AA'BB' spin system, indicative of a 

para-substituted aromatic ring was observed based on the two doublets at Hɻ 7.44 (2H, d, J = 

8.6 Hz, H-нΣ сύ ŀƴŘ ʵH 6.80 (2H, d, J = 8.6 Hz, H-3, 5). A pair of doublets attributed to trans-

olefinic protons, based on the large J ǾŀƭǳŜΣ ǿŜǊŜ ǎŜŜƴ ŀǘ ʵH 7.58 (1H, d, J = 15.9 Hz, H-7) and 

Hɻ 6.28 (1H, d, J = 15.9 Hz, H-уύ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎŀǊōƻƴ ǎƛƎƴŀƭǎ ŀǇǇŜŀǊƛƴƎ ŀǘ ʵC 146.4 

ŀƴŘ ʵC ммрΦуΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ! ŎŀǊōƻƴȅƭ ŎŀǊōƻƴ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ŀǘ ʵC 171.1 (C-9). Based on 

the spectroscopic data and previously reported results70, compound 3.2 was established as 

trans-p-coumaric acid.  

Compound 3.19 had a 1H NMR spectrum similar to compound 3.2, suggesting both 

compounds had a similar moiety. Its molecular formula was indicated as C9H8O3 by its 

negative HRESIMS with m/z 163.0459 ώaҍIϐҍ (calculated for C9H7O3, 163.0395 ώaҍIϐҍ). Slight 
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differences were observed with the chemical shifts of the doubƭŜǘǎ ŀǇǇŜŀǊƛƴƎ ŀǘ ʵH 7.57 (2H, 

d, J = 8.6 Hz, H-нΣ сύ ŀƴŘ ʵH 6.72 (2H, d, J = 8.6 Hz, H-3, 5). The olefinic protons appearing at 

Hɻ 6.70 (1H, d, J = 12.8 Hz, H-тύ ŀƴŘ ʵH 5.78 (1H, d, J = 12.8 Hz, H-8) were assigned a cis 

orientation based on the smaller J value as opposed to that of 3.2. The experimental data 

were similar to those previously reported by Hashidoko et al.71 and Torres-Naranjo et al.72. 

Compound 3.19 was therefore identified as cis-p-coumaric acid. 

Compound 3.5 was isolated as a white solid with the chemical formula C8H8O4. A 

deprotonated molecular ion peak was observed at m/z мстΦлплс ώaҍIϐҍ (calculated for 

C8H7O4, 167.0344). Fragments that could be assigned to loss of the carboxylic acid group and 

the methoxy group were observed at m/z мноΦлрлр ώaҍIҍ/h2]ҍ and m/z 137.0300 [Mς 

Iҍ/I2O]ҍ, respectively. The 1H NMR spectrum revealed the presence of three aromatic 

signaƭǎ ŀǘ ʵH 7.55 ς 7.56 (2H, m, H-нΣ сύ ŀƴŘ ʵH 6.83 (1H, d, J = 8.7 Hz, H-5) and a methoxy 

ǎƛƎƴŀƭ ǿŀǎ ǎŜŜƴ ŀǘ ʵH 3.89 (3H, s, OCH3-3). The 13C NMR spectrum showed six aromatic signals 

at ɻ C 113.6 (C-2), 115.7 (C-5), 123.1 (C-1), 125.2 (C-6), 148.6 (C-3) and 152.6 (C-4), a methoxy 

ŎŀǊōƻƴ ŀǘ ʵC 56.3 (OCH3-оύΣ ŀƴŘ ǘƘŜ ŎŀǊōƻƴȅƭ ŎŀǊōƻƴ ŀǇǇŜŀǊŜŘ ŀǘ ʵC 170.1 (C-7). Compound 

3.5 was unambiguously identified as 3-methoxy-4-hydroxybenzoic acid73, 74, generally called 

vanillic acid.  

A mixture of compounds 3.20 and 3.7 was obtained as a white solid. The HRESIMS data of 

compound 3.20 gave the chemical formula C8H8O3, with a protonated molecular ion peak at 

m/z 153.0538 [M+H]+ (calculated for C8H9O3, 153.0552). A fragment representing the loss of 

29 amu was observed at m/z мнпΦффрм ώaҌIҍ/Ihϐ+; this suggests the presence of an 

aldehyde functional group. The 1H NMR spectrum suggested a 1,3,4-trisubstituted aromatic 

ring, as evident by the proton signals observed at Hɻ 7.42 ς 7.43 (2H, m, H-нΣ сύ ŀƴŘ ʵH 7.04 
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(1H, d, J = 8.5 Hz, H-5). Additional signals belonging to the methoxy and aldehyde groups were 

seen at ɻ H 3.97 (3H, s, OCH3-оύ ŀƴŘ ʵH 9.83 (1H, s, CHO-1), respectively. The aromatic methine 

ŎŀǊōƻƴǎ ŀǇǇŜŀǊŜŘ ŀǘ ʵC 108.7 (C-нύΣ ʵC 114.4 (C-рύ ŀƴŘ ʵC 127.7 (C-6), while the carbonyl 

carbon was foǳƴŘ ŀǘ ʵC 191.1 (CHO-1). These, alongside literature75, confirmed compound 

3.20 as vanillin.  

Compound 3.7 gave the molecular formula C7H6O2, as determined from the HRESIMS data in 

which a protonated molecular ion peak was observed at m/z 123.0427 [M+H]+ (calculated for 

C7H7O2, 123.0446). A pair of doublets were observed on the 1H NMR spectrum at ɻH 7.81 (2H, 

d, J = 8.7 Hz, H-нΣ сύ ŀƴŘ ʵH 6.95 (2H, d, J = 8.7 Hz, H-3, 5). The proton of the aldehyde group 

ŀǇǇŜŀǊŜŘ ŀǎ ŀ ǎƛƴƎƭŜǘ ŀǘ ʵH 9.87 (1H, s, CHO-1). Compound 3.7 was elucidated as p-

hydroxybenzaldehyde, and it was consistent with literature values76.  

 

 

Figure 3-7: Structures of the phenolic compounds isolated from P. mauritianus 
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Table 3-1: 1I baw ώплл aIȊΣ ʵH, multi. (J in Hz)] data in CDCl3 and CD3OD of some phenolics 
isolated from P. mauritianus 

Position 3.18 3.2 3.19 

 Hɻ (J in 
Hz) 

Lith 69 Hɻ (J in Hz) Lit̡ 70 Hɻ (J in Hz) Lith 72 

1       

2 7.15, s 7.26, s 7.44, d 
(8.6) 

7.43, d 
(9.0) 

7.57, d 
(8.6) 

7.63, d (8.8) 

3   6.80, d 
(8.6) 

6.80, d 
(9.0) 

6.72, d 
(8.6) 

6.79, d (8.8) 

4       

5   6.80, d 
(8.6) 

6.80, d 
(9.0) 

6.72, d 
(8.6) 

6.79, d (8.8) 

6 7.15, s 7.26, s 7.44, d 
(8.6) 

7.43, d 
(9.0) 

7.57, d 
(8.6) 

7.63, d (8.8) 

7   7.58, d 
(15.9) 

7.59, d 
(16.0) 

6.70, d 
(12.8) 

6.83, d 
(12.5) 

8   6.28, d 
(15.9) 

6.27, d 
(16.0) 

5.78, d 
(12.8) 

5.82, d 
(12.5) 

9       

CHO-1 9.82, s 9.92, s     

OCH3-3,5 3.97, s 4.07, s     

OH-4 6.04, s      

NMR experiments were acquired in: ChDCl3, ̡ CD3OD. 

Table 3-2: 13/ baw όтр ŀƴŘ млл aIȊΣ ʵC) data in CDCl3 and CD3OD of some phenolics isolated 
from P. mauritianus 

Position 3.18 3.2 3.19 

 Cɻ, type Lith 69 Cɻ, type Lit̡ 28 Cɻ, type Lith 72 

1 128.5, C 129.3 127.2, C 127.4 128.1, C 127.6 

2 106.7, CH 106.6 131.0, CH 131.3 132.9, CH 132.5 

3 147.4, C 147.2 116.7, CH 117.0 115.7, CH 115.1 

4 140.8, C 140.7 161.1, C 161.4 159.4, C 156.9 

5 147.4, C 147.2 116.7, CH 117.0 115.7, CH 115.1 

6 106.7, CH 106.6 131.0, CH 131.3 132.9, CH 132.5 

7   146.4, CH 146.9 141,ab CH 143.4 

8   115.8, CH 115.8 119,ab CH 117.4 

9   171.1, C 171.3 a 166.9 

CHO-1 190.9, CH 190.7     

OCH3-3,5 56.6, CH3 56.4     
aSignals were not observed of the 13C spectrum, bCorrelations were observed on HMBC and 
HSQC. NMR experiments were acquired in: ChDCl3, ̡ CD3OD. 
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Table 3-3: 1I baw ώплл aIȊΣ ʵH, multi. (J in Hz)] data in CDCl3 and CD3OD of some phenolics 
isolated from P. mauritianus 

Position 3.20 3.5 3.7 

 Hɻ (J in Hz) Lith 75 Hɻ (J in 
Hz) 

Litb 7̡4 Hɻ (J in 
Hz) 

Lith 76 

1       

2 7.42,a m 7.42, d 
(1.8) 

7.56,a m 7.56 7.81, d 
(8,7) 

7.85, d 
(8.4) 

3     6.95, d 
(8,7) 

6.94, d 
(8.4) 

4       

5 7.04, d 
(8.5) 

7.05, d 
(8.2) 

6.83, d 
(8.7) 

6.94 6.95, d 
(8,7) 

6.94, d 
(8.4) 

6 7.43,a m 7.43, dd 
(8.2, 1.8) 

7.55,a m 7.55 7.81, d 
(8,7) 

7.85, d 
(8.4) 

7       

CHO-1 9.83, s 9.83   9.87 9.88 

OCH3-3 3.97, s 3.97 3.89, s 3.88   

OH-4       
aIn the same column overlapped. bMultiplicity and coupling constant not provided in cited 
reference. NMR experiments were acquired in: ChDCl3, ̡ CD3OD. 

 

Table 3-4: 13/ baw όтр ŀƴŘ млл aIȊΣ ʵC) data in CDCl3 and CD3OD of some phenolics isolated 
from P. mauritianus 

Position 3.20 3.5 3.7 

 Cɻ, type Lith 75 Cɻ, type Lit̡ 73 Cɻ, type Lith 76 

1 130.0, C 130.1 123.1, C 123.1 132.4, C 132.8 

2 108.7, CH 109.0 113.6, CH 113.9 130.9, CH 130.1 

3 147.2, C 147.4 148.6, C 148.6 116.0, CH 115.9 

4 151.7, C 152.0 152.6, C 152.6 156.6, C 161.5 

5 114.4, CH 114.6 115.7, CH 115.9 116.0, CH 115.9 

6 127.7, CH 127.8 125.2, CH 125.3 130.9, CH 130.1 

7   170.1 170.0   

CHO-1 191.1, CH 191.2   190.9 191.7 

OCH3-3 56.6, CH3 a 56.3, CH3 56.4   
aSignal not reported in literature. NMR experiments were acquired in: ChDCl3, ̡ CD3OD. 
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3.6.1.2 Lignan 

Compound 3.21 was isolated as a yellow solid. The molecular formula was determined to be 

C20H20O7, based on the HRESIMS data (m/z отмΦмнму ώaҍIϐҍ; calculated for C20H19O7, 

отмΦммомύΦ ! Ƴŀǎǎ ŀŘŘǳŎǘ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ώнaҍIϐҍ was observed at m/z тпоΦннсф ώнaҍIϐҍ. 

Twenty signals were observed on the 13C NMR spectrum, corresponding to six aromatic 

methine and six non-protonated signals, a carbonyl carbon, two methoxy carbons, two 

methine carbons, two oxygen-linked methine carbons and an oxygen-linked methylene 

carbon. The presence of the six non-protonated and six methine carbons confirmed that the 

structure had two trisubstituted aromatic rings.  

Four of the six non-protonated signals were oxygenated, appearing at ɻC 146.8 (C-3'ύΣ ʵC 147.0 

(C-3''ύΣ ʵC 146.1 (C-4'ύΣ ŀƴŘ ʵC 145.4 (C-4''); while the other non-protonated signals were found 

at Cɻ 131.1 (C-1'ύΣ ŀƴŘ ʵC 132.3 (C-1''ύΦ ¢ƘŜ ŀǊƻƳŀǘƛŎ ƳŜǘƘƛƴŜ ŎŀǊōƻƴǎ ǊŜǎƻƴŀǘŜŘ ŀǘ ʵC 107.8 

(C-2'ύΣ ʵC 108.1 (C-2''ύΣ ʵC 114.8 (C-5'ύΣ ʵC 114.5 (C-5''ύΣ ʵC 118.5 (C-6'ύ ŀƴŘ ʵC 118.1 (C-6''). The 

aǊƻƳŀǘƛŎ ǇǊƻǘƻƴǎ ƻƴ ōƻǘƘ ǊƛƴƎǎΣ ƛƴǘŜƎǊŀǘƛƴƎ ŦƻǊ ǎƛȄ ǇǊƻǘƻƴǎΣ ƻǾŜǊƭŀǇǇŜŘ ŀǎ ŀ ƳǳƭǘƛǇƭŜǘ ŀǘ ʵH 

6.87 ς 6.94 (4H, m, H-5', 6', 2'', 5''ύ ŀƴŘ ʵH 6.78 ς 6.80 (2H, m, H-2', 6''). 

aŜǘƘƛƴŜ ǇǊƻǘƻƴ ǎƛƎƴŀƭǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀǘ ʵH 3.24 (1H, m, H-мύΣ ʵH 5.35 (1H, d, J = 3.8 Hz, H-2), 

Hɻ 3.46 (1H, dd, J = 9.2, 3.8 Hz, H-рύ ŀƴŘ ʵH 5.33 (1H, d, J = 4.0 Hz, H-6) with their corresponding 

ŎŀǊōƻƴ ǎƛƎƴŀƭǎ ŀǇǇŜŀǊƛƴƎ ŀǘ ʵC 50.0 (C-мύΣ ʵC 83.4 (C-нύΣ ʵC 53.4(C-рύ ŀƴŘ ʵC 84.7 (C-6). An 

ƻȄȅƳŜǘƘȅƭŜƴŜ ƎǊƻǳǇ ŀǘ ʵH 4.04 (1H, dd, J = 9.4, 4.6 Hz, H-уŀύ ŀƴŘ ʵH 4.33 (1H, dd, J = 9.4, 6.8 

Hz, H-8b) had a cross peak on the HSQC spectrum with the oxymethylene carbon at ɻC 72.8 

(C-уύΦ ¢ƘŜ ƳŜǘƘƻȄȅ ǇǊƻǘƻƴǎ ŀǇǇŜŀǊŜŘ ŀǘ ʵH 3.904 (3H, s, OCH3-3'ύ ŀƴŘ ʵH 3.907 (3H, s, OCH3-

3''ύ ŀƴŘ ǘƘŜ ƭŀŎǘƻƴŜ ŎŀǊōƻƴȅƭ ǿŀǎ ǎŜŜƴ ŀǘ ʵC 177.1 (C-4). Analysis of the COSY spectrum 

showed correlations of H5/H6, H8a/H8b and H8/H1. The HMBC spectrum indicated the 
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correlations between H-н όʵH 5.35) and C-у όʵC 72.8), C-2'' ( Cɻ 108.1) (Figure 3-9). Correlations 

were also observed on the HMBC spectrum between H-5 (ɻ H 3.46) and C-2 ( Cɻ 83.4), C-4 ( Cɻ 

177.1) and C-1'' ( Cɻ 132.3). The data above, alongside published data77, 78, indicated that 

compound 3.21 is 4-ketopinoresinol (Figure 3-8). 

 

Figure 3-8: Structure of the lignan isolated from P. mauritianus 

 

 

Figure 3-9: Structure of compound 3.21 showing some HMBC (arrows) and COSY (thick black 
line) correlations 
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Table 3-5: 1I baw ώплл aIȊΣ ʵH, multi. (J in Hz)] data in CDCl3 of the lignan, compound 3.21, 
isolated from P. mauritianus 

Position Hɻ (J in Hz) Lit 7h8 

1 3.24, m 3.25, m 

2 5.35, d (3.8) 5.33, d (3.0) 

3   

4   

5 3.46, dd (9.2, 3.8) 3.48, dd (3.9) 

6 5.33, d (4.0) 5.35, d (3.0) 

7   

8 4.04, dd, (9.4, 4.6) 
4.33, dd (9.4, 6.8) 

4.03, dd (4.9) 
4.34, dd (6.9) 

1'   

2' 6.79,a m 6.73 ς 6.97, m 

3'   

4'   

5' 6.92,b m 6.73 ς 6.97, m 

6' 6.88,b m 6.73 ς 6.97, m 

1''   

2'' 6.90,b m 6.73 ς 6.97, m 

3''   

4''   

5'' 6.89,b m 6.73 ς 6.97, m 

6'' 6.80, a m 6.73 ς 6.97, m 

OH-4' 5.67, brs 5.73 

OH-4'' 5.60, brs 5.73 

OCH3-3' 3.904, s 3.89 

OCH3-3'' 3.907, s 3.89 
a,bOverlapping signals. h NMR experiment was acquired in CDCl3. 
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Table 3-6: 13/ baw όтр ŀƴŘ млл aIȊΣ ʵC) data in CDCl3 of the lignan, compound 3.21, isolated 
from P. mauritianus 

Position Cɻ, type Lit 7h7 

1 50.0, CH 50.1 

2 83.4, CH 83.5 

3   

4 177.1, C 177.1 

5 53.4, CH 53.5 

6 84.7, CH 84.8 

7   

8 72.8, CH2 72.8 

1' 131.1, C 131.2 

2' 107.8, CH 107.9 

3' 146.8, C 147.1 

4' 146.1, C 146.2 

5' 114.8, CH 114.8 

6' 118.5, CH 118.5 

1'' 132.3, C 132.4 

2'' 108.1, CH 108.2 

3'' 147.0, C 146.9 

4'' 145.4, C 145.4 

5'' 114.5, CH 114.5 

6'' 118.1, CH 118.1 

OH-4'   

OH-4''   

OCH3-3' 56.2, CH3 56.2 

OCH3-3'' 56.6, CH3 56.2 

NhMR solvent was not reported. 

 

3.7 Previous biological studies of some of the isolated compounds 

The human system produces reactive oxygen species (ROS), such as superoxide anions, 

hydrogen peroxide and hydroxy radicals, by the metabolic and enzymatic processes that occur 

through oxygen consumption79. These ROS have significant benefits when in small quantities. 

However, they can be detrimental in large amounts due to their ability to attack molecules 

such as proteins and lipids80. They have been reported to contribute to rapid cellular ageing, 

mutagenesis, cardiovascular and neurodegenerative diseases81, 82. 
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Many plants have been reported to possess antioxidant properties and, in turn, able to 

scavenge for free radicals83, 84. Many plants showing good antioxidant properties are rich in 

phenolic compounds85, 86. Phenolic compounds are well known for their antioxidant 

properties and ability to scavenge free radicals87, 88. This is the reason why phenolic 

compounds might be able to serve as therapeutic agents in the treatment of oxidative stress 

diseases. Phenolic compounds protect living systems against diabetes, cardiovascular, anti-

inflammatory and anticarcinogenic effects89-91. Flavonoids, anthocyanins and vitamins are 

other classes of compounds that have been partly ascribed to the ROS-scavenging ability92-94. 

Previous studies and this research revealed that the Phragmites genus is a good bank of 

phenolic compounds. 

Syringaldehyde (3.18) was screened for its cytotoxicity against KB cells via the MTT method 

and found to be inactive95. Shahzad and co-workers96 reported the cardioprotective ability of 

syringaldehyde (3.18) in albino Wistar rats. The study posited that the potency was due to its 

antioxidant and anti-inflammatory properties. They reported that syringaldehyde (3.18) was 

an excellent scavenger of nitric oxide (NO) radicals and suggested that further research be 

carried out to evaluate the observations in humans. Syringaldehyde (3.18) displayed anti-

inflammatory activity by inhibiting the enzyme cyclooxygenase-2 (COX-2) to a good measure 

with an IC50 value of 3.5 µg/mL97.  

p-Coumaric acid (3.2) isolated from the ethyl acetate fraction of Cyperi rotundus rhizome 

demonstrated moderate antioxidant activity (IC50 = 20.52 µM) in the ABTS assay and weak 

activity (IC50 > 500 µM) using the DPPH assay98. The study further revealed the anti-

inflammatory properties of p-coumaric acid (3.2) as it significantly decreased NO production. 

A study by Zabka and Pavela99 showed that p-coumaric acid (3.2) had little or no inhibitory 
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properties against six fungal species used in the studies, with the minimum inhibitory 

concentration (MIC50) ranging from 360 µg/mL to values greater than 1000 µg/mL. Lou et 

al.100, however reported good to moderate antibacterial inhibitory properties against 

selected bacterial strains with MICs ranging from 10 to 80 µg/mL. In addition, p-coumaric acid 

was reported to kill bacteria by disrupting the cell membrane, binding to the genomic DNA 

and hindering proper cellular functions before finally causing death. p-Coumaric acid (3.2) is 

ŀ ǿŜŀƪ ƛƴƘƛōƛǘƻǊ ƻŦ ʰ-ŀƳȅƭŀǎŜΣ ŀƴŘ ʰ-glucosidase with IC50 values reported to be greater than 

30 mM101.  

An investigation by Dhananjaya and colleagues102 revealed that vanillic acid (3.5) selectively 

inhibited the venom 5'-nucleotidase in a dose-dependent manner. The IC50 values were 84, 

98 and 65 µM for Naja naja, Daboia russelli and Trimeresurus malabaricus snake venoms, 

respectively. It was discovered in the study that vanillin (3.20) had no inhibitory activity 

leading to a hypothesis that the carboxylic acid functional group on vanillic acid (3.5) was a 

key factor. Vanillic acid (3.5) was reported to possess antioxidant and immunomodulating 

activity; it also exhibits hepatoprotective effect against CCl4-induced chronic liver injury in 

mice and rats47, 103. Vanillin (3.20) was a more potent antioxidant than ascorbic acid and Trolox 

in the ABTS scavenging assay, ORAC assay and oxidative hemolysis inhibition assay (OxHLIA); 

however, it was inactive in the DPPH radical scavenging assay104. The anti-angiogenic, anti-

nociceptive, anti-inflammatory and ability to decrease NO production was documented by 

Lim and co-workers105. Vanillin (3.20) was non-toxic on rat kidneys, liver or brain tissues at a 

concentration as high as 300 mg/kg when administered orally or intra-peritoneally106. 

The cytotoxicity of 4-ketopinoresinol (3.21) was evaluated against human lung cancer (A549), 

human melanoma (SK-Mel-2) and mouse melanoma (B16F1) cell lines by Moon and 
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colleagues107. It was inactive (IC50 > 40 µg/mL) against the A549 cell line and active against SK-

Mel-2 and B16F1 cell lines with IC50 values of 20 and 13 µg/mL, respectively. 4-Ketopinoresinol 

(3.21) was described as an allelopathic agent because it prevented the growth of the shoot 

and root of garden cress at 30 µM108. 4-Ketopinoresinol (3.21) protected cells against 

oxidative stress-induced injury by activating Nrf2/ARE109, and it can also inhibit platelet 

aggregation110. 4-Ketopinoresinol (3.21) isolated from Eragrostis ferruginea had a moderate 

ƴŜǳǊƻǇǊƻǘŜŎǘƛǾŜ ŜŦŦŜŎǘ ŀƎŀƛƴǎǘ !ʲ-induced toxicity in PC12 cells with an ED50 value of 54.8 

µM111. 

 

3.8 Conclusion 

In this study, seven compounds were isolated and characterized. One was a lignan, 4-

ketopinoresinol (3.21); the other six ς p-hydroxybenzaldehyde (3.7), syringaldehyde (3.18), 

trans-p-coumaric acid (3.2), cis-p-coumaric acid (3.19), vanillic acid (3.5) and vanillin (3.20) ς 

were phenolic compounds. To the best of our knowledge, no previous report was found 

detailing the phytochemical investigation of this plant species. The isolated compounds have 

been documented to exhibit biological activities; however, it will be necessary to isolate more 

material and conduct more biological investigations for future studies. 

 

3.9 Experimental section 

3.9.1 General experimental procedure  

The general experimental procedures are the same as reported in 2.10.1. 
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3.9.2 Plant collection and preparation  

The culm of Phragmites mauritianus was collected at Mabopane, Pretoria North, by Mr. 

Monare, a traditional healer. The plant was authenticated at the H.G.W.J. Schweickerdt 

Herbarium, University of Pretoria by Ms. Magda Nel. The voucher specimen was deposited 

with the number PRU 124543. 

One kilogram of the finely ground culm (stem) of P. mauritianus was extracted with methanol 

(4 × 2.5 L) at room temperature, and the solvent was evaporated using a rotary evaporator 

under reduced pressure to afford the crude extract (145 g). The crude extract (130 g) was 

dissolved in minimal methanol, suspended in distilled water and then partitioned with 

dichloromethane and ethyl acetate. This process afforded the dichloromethane (DCM) 57A, 

ethyl acetate (EtOAc) 57B and the residual aqueous methanol 57C fractions with yields of 8.8 

g (6.8%), 2.8 g (2.2%) and 22.5 g (17.3%), respectively. The extracts were stored in glass vials 

at 4 °C until further use.  

3.9.3 Isolation and characterization  

The DCM fraction (57A, 7.57 g) was adsorbed on silica gel and loaded on column 

chromatography (CC). The column was eluted with 100% hexane; a stepwise increasing 

gradient of acetone was introduced to 100% acetone after a while, yielding twenty main 

fractions (58A to 58T). Fraction 9 (58I) was subjected to LC-SPE, and compounds 3.20 and 3.7 

were obtained. Fraction 11 (58K) yielded compound 3.18 on subjection to LC-SPE. Fraction 13 

(58M, 300 mg) was subjected to a silica gel CC and eluted with DCM 9:1 Acetone to DCM 3:7 

Acetone, affording ten subfractions (63A to 63J). Subfraction 63D was collected in three vials, 

with one of them affording compound 3.21 (1.9 mg). Compound 3.2 (0.2 mg) was obtained 

when subfraction 63I was repurified on the LC-SPE. 
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The EtOAc fraction (57B, 2.3 g) was loaded on a silica gel CC and eluted with Hexane 8:2 EtOAc 

+ 0.1% formic acid with a gradual gradient increase to 100% EtOAc, followed by an 

introduction of MeOH, with continuous gradient increase to EtOAc 5:5 MeOH + 0.1% formic 

acid gradient was achieved. The CC yielded twenty-three subfractions (66A to 66W). 

Subfraction 66B was subjected to LC-SPE, yielding compounds 3.2 (0.3 mg), 3.19 (0.2 mg) and 

3.5 (0.2 mg). Compound 3.2 was already isolated from the EtOAc extract.  

3.9.4 LC-SPE Isolation  

A Phenomenex Luna 5 µm polar column and a ProntoSIL C18 5 µm column were used for LC-

SPE purification. Compounds 3.2, 3.19 and 3.5 were isolated using the ProntoSIL C18 5 µm 

column, while the other compounds were isolated with the Phenomenex Luna 5 µm polar 

column. Thirty microlitres of 10 mg/mL solution of the samples were injected. The mobile 

phase consisted of 0.1% formic acid in methanol (solvent C) and 0.1% formic acid in water 

(solvent D) at a different flow rate for each sample. Water was continually injected at a 1.5 

mL/min flow rate to aid trapping using the Knauer pump. The peaks eluting from the HPLC 

were trapped continuously on the Spark Holland GP SPE cartridges using the multi-trapping 

function. The adsorbed compounds were eluted with acetonitrile from the cartridges, and the 

acetonitrile was evaporated. The samples were dried under a high vacuum and redissolved in 

the appropriate deuterated solvents before NMR analyses. 

Compounds 3.20 and 3.7 were isolated using the method described as follows, with an HPLC 

flow rate of 0.5 mL/min: linear gradient from 0 to 10 min (20ς85% C), 10ς17 min (85% C), 17ς

20 min (85ς100% C), 20ς32 min (100% C), 32ς34 (100ς15% C) and 34ς35 (15% C).  
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Compound 3.18 was isolated with an HPLC flow rate of 0.6 mL/min, using the following 

method: linear gradient from 0 to 10 min (20ς80% C), 10ς15 min (80% C), 15ς20 min (80ς

100% C), 20ς32 min (100% C), 32ς34 (100ς20% C) and 34ς35 (20% C).  

Compounds 3.2, 3.19 and 3.5 were isolated using the method described as follows, with an 

HPLC flow rate of 0.6 mL/min: linear gradient from 0 to 8 min (20ς35% C), 8ς10 min (35% C), 

10ς17 min (35ς100% C), 17ς22 min (100% C), 22ς23 (100ς20% C) and 23ς25 (20% C).  

3.9.5 Analytical data of isolated compounds  

Vanillin (3.20): white solid, 1H-NMR (400 MHz, CDCl3) :ɻ 9.83 (1H, s, CHO-1), 7.42 ς 7.43 (2H, 

m, H-2, 6), 7.04 (1H, d, J = 8.5 Hz, H-5), 3.97 (3H, s, OCH3-3). 13C-NMR (100 MHz, CDCl3) :ɻ 

191.1 (CHO-1, CH), 151.7 (C-4, C), 147.2 (C-3, C), 130.0 (C-1, C), 127.7 (C-6, CH), 114.4 (C-5, C), 

108.7 (C-2, CH), 56.6 (OCH3-3, CH3). HR-MS: 153.0538 [M + H]+ (calc for C8H9O3, 153.0552). 

p-Hydroxybenzaldehyde (3.7): white solid, 1H-NMR (400 MHz, CDCl3) :ɻ 9.87 (1H, s, CHO-1), 

7.81 (2H, d, J = 8.7 Hz, H-2, 6), 6.95 (2H, d, J = 8.7 Hz, H-3, 5). 13C-NMR (100 MHz, CDCl3) :ɻ 

190.9 (CHO-1, CH), 156.6 (C-4, C), 132.4 (C-1, C), 130.9 (C-2, 6, 2 × CH), 116.0 (C-3, 5, 2 × CH). 

HR-MS: 123.0427 [M + H]+ (calc for C7H7O2, 123.0446).  

Syringaldehyde (3.18): yellow solid, 1H-NMR (400 MHz, CDCl3) ɻ : 9.82 (1H, s, CHO-1), 7.15 (2H, 

s, H-2, 6), 6.04 (1H, s, OH-4), 3.97 (6H, s, OCH3-3, 5). 13C-NMR (100 MHz, CDCl3) ɻ : 190.9 (CHO-

1, CH), 147.4 (C-3, C), 147.4 (C-5, C), 140.8 (C-4, C), 128.5 (C-1, C), 106.7 (C-2, 6 2 × CH), 56.6 

(OCH3-3, 5, 2 × CH3). HR-MS: 183.0650 [M + H]+ (calc for C9H11O4, 183.0657). 

4-Ketopinoresinol (3.21): yellow solid, 1H-NMR (400 MHz, CDCl3) :ɻ 6.87 ς 6.94 (4H, m, 

aromatic protons), 6.78 ς 6.80 (2H, m, aromatic protons), 5.67 (1H, brs, OH-4'), 5.60 (1H, brs, 

OH-4''), 5.35 (1H, d, J = 3.8 Hz, H-2), 5.33 (1H, d, J = 4.0 Hz, H-6), 4.33 (1H, dd, J = 9.4, 6.8 Hz, 

H-8b), 4.04 (1H, dd, J = 9.4, 4.6 Hz, H-8a), 3.90 (6H, s, OCH3-3', 3''), 3.46 (1H, dd, J = 9.2, 3.8 
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Hz, H-5), 3.24 (1H, m, H-1). 13C-NMR (100 MHz, CDCl3) ɻ : 177.1 (C-4, C), 147.0 (C-3'', C), 146.8 

(C-3', C), 146.1 (C-4', C), 145.4 (C-4'', C), 132.3 (C-1'', C), 131.1 (C-1', C), 118.5 (C-6', CH), 118.1 

(C-6'', CH), 114.8 (C-5', CH), 114.5 (C-5'', CH), 108.1 (C-2'', CH), 107.8 (C-2', CH), 84.7 (C-6, CH), 

83.4 (C-2, CH), 72.8 (C-8, CH2), 56.6 (OCH3-3'', CH3), 56.2 (OCH3-3', CH3), 53.4 (C-5, CH), 50.0 

(C-1, CH). HR-MS: 371.1218 ώa ҍ Iϐҍ (calc for C20H19O7, 371.1131). 

Vanillic acid (3.5): white solid, 1H-NMR (400 MHz, CD3OD) ɻ : 7.559 (1H, m, H-2), 7.550 (1H, m, 

H-6), 6.83 (1H, d, J = 8.7 Hz, H-5), 3.89 (3H, s, OCH3-3). 13C-NMR (100 MHz, CD3OD) :ɻ 170.1 

(C-7, C), 152.6 (C-4, C), 148.6 (C-3, C), 125.2 (C-6, CH), 123.1 (C-1, C), 115.7 (C-5, CH), 113.6 (C-

2, CH), 56.3 (OCH3-3, CH3). HR-MS: 167.0406 ώa ҍ Iϐҍ (calc for C8H7O4, 167.0344). 

Trans-p-coumaric acid (3.2): white solid, 1H-NMR (400 MHz, CD3OD) ɻ : 7.58 (1H, d, J = 15.9 Hz, 

H-7), 7.44 (2H, d, J = 8.6 Hz, H-2, 6), 6.80 (2H, d, J = 8.6 Hz, H-3, 5), 6.28 (1H, d, J = 15.9 Hz, H-

8). 13C-NMR (100 MHz, CD3OD) ɻ : 171.9 (C-9, C), 161.1 (C-4, C), 146.4 (C-7, CH), 131.0 (C-2, 6, 

2 × CH), 127.2 (C-1, C), 116.7 (C-3, 5, 2 × CH), 115.8 (C-8, CH). HR-MS: 163.0466 [M ҍ H]ҍ (calc 

for C9H7O3, 163.0395). 

Cis-p-coumaric acid (3.19): white solid, 1H-NMR (400 MHz, CD3OD) :ɻ 7.57 (2H, d, J = 8.6 Hz, 

H-2, 6), 6.72 (2H, d, J = 8.6 Hz, H-3, 5), 6.70 (1H, d, J = 12.8 Hz, H-7), 5.78 (1H, d, J = 12.8 Hz, 

H-8). 13C-NMR (100 MHz, CD3OD) ɻ : not observed (C-9, C), 159.4 (C-4, C), 141 (C-7, CH), 132.9 

(C-2, 6, CH), 128.1 (C-1, C), 119 (C-8, CH), 115.7 (C-3, 5, CH). HR-MS: 163.0459 [M ҍ H]ҍ (calc 

for C9H7O3, 163.0395). 
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Chapter 4 General conclusions 

This project started due to the interaction between a South African traditional healer and a 

research group at the University of Pretoria. His ethnomedicinal reports revealed that 

Rhynchosia minima var prostrata is used to treat heart/chest pain while Phragmites 

mauritianus is used to treat cancer. Literature reports documented that R. minima is used in 

the treatment of upper respiratory ailments. These reports resulted in the selection of two 

fungi that have been identified as risk factors in respiratory illness, Candida albicans and 

Cryptococcus neoformans. It was also observed that R. minima is used locally to treat 

symptoms often associated with invasive fungal infections. No literature reports were found 

to support the claims of the traditional healers regarding the use of P. mauritianus in folk 

medicine.  

The aim of this research was to identify and isolate bioactive constituents, which could 

potentially be responsible for the traditional uses and pharmacological effects of these plants. 

Therefore, phytochemical investigations were conducted on the leaf extracts of R. minima 

and the extract obtained from the culm/stem of P. mauritianus. Sequential extraction was 

employed for R. minima, generating four solvent extracts, while a single solvent extraction, 

followed by liquid-liquid partitioning, was employed for P. mauritianus. This study used the 

traditional column chromatographic technique and the modern hyphenated chromatography 

instrument (HPLC-SPE-MS) repeatedly to isolate the secondary metabolites. The UHPLC-

qTOF-MS was also employed for the tentative identification of bioactive constituents from 

two solvent extracts of R. minima. The solvent extracts and four compounds isolated from R. 

minima were screened for their antifungal potential against Candida albicans and 

Cryptococcus neoformans. The solvent extracts were also assayed for their cytotoxicity 

against two cancerous and a normal cell line. 
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Eight compounds were isolated from R. minima. Compounds 2.91, 2.88b and 2.84b have 

never been isolated from the Rhynchosia genus. This is the first report describing the isolation 

of 2.63, 2.2, 2.104 and 2.5 from R. minima. Six of the compounds isolated from R. minima 

were flavonoids, a class of compounds widely known for a wide range of biological activities. 

A norisoprenoid and a cyclitol made up the compounds obtained from R. minima. Compounds 

2.91, 2.84b, 2.63 and 2.104 were screened against Candida albicans and Cryptococcus 

neoformans. Compounds 2.104 and 2.84b were active with an MIC value of 6.25 µg/mL 

against C. albicans; the MIC was comparable to the control, amphotericin B. Against C. 

neoformans, these two compounds were more active, as observed in the MIC value (6.25 

µg/mL) as opposed to amphotericin B, with an MIC value of 12.50 µg/mL. Compound 2.91 

with an MIC of 62.50 µg/mL was moderately active against C. albicans and inactive against C. 

neoformans (125.00 µg/mL), while compound 2.63 was not active (MIC = 125.00 µg/mL) 

against both fungi. All the R. minima extracts except methanol were moderately active against 

C. albicans, while the ethyl acetate extract was the only inactive one against C. neoformans. 

Chemical profiling of the dichloromethane and ethyl acetate extracts of R. minima resulted in 

the identification of flavones, isoflavones, flavanones, flavonoid C-glycosides, polyols and long 

chain fatty acids. Nine of the identified compounds have been previously isolated or identified 

either from R. minima or other species in the genus.  

A chemical investigation of P. mauritianus led to the isolation of seven compounds, including 

phenolics and a lignan. Increased reactive oxygen species (ROS) in the body can damage DNA, 

leading to cancer. Phenolic compounds are good scavengers of ROS and could mitigate 

oxidative stress and cancer. The lignan isolated in this study is known to activate Nrf2/ARE, 

thereby guarding human cells against oxidative stress-induced injury. These reported 

biological activities might serve as a pointer to their potential in cancer treatment or 
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prevention. This study is the first phytochemical investigation of this species. Compounds 

3.18, 3.19, 3.20 and 3.21 have never been reported from the Phragmites genus. 

Unfortunately, none of the compounds isolated from this plant was screened for bioactivity 

due to the quantity or quick decomposition of the isolated material. 

This study further confirms that bioactive compounds can be obtained from medicinal plants. 

Plants have contributed to drug discovery, and natural products will continue to play a 

significant role while contributing to the industry. As previously reported in literature, many 

flavonoids were isolated and identified from R. minima, confirming that the genus is a source 

of flavonoids and flavonoid glycosides. The isolated compounds, quercetin and loliolide, 

obtained from R. minima demonstrated comparable or superior activity to amphotericin B, 

thereby warranting further studies on their development as antifungal agents. Further studies 

need to be carried out to ascertain if they selectively act against the fungi and are non-toxic 

to human cells. As expected, the lignin-rich culm of P. mauritianus also led to the isolation of 

phenolic compounds; a lignan was also isolated. Further chemical investigation is necessary 

to identify and isolate more compounds of different classes, and these compounds should be 

screened for biological activities. 
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Appendix I: NMR and HRESIMS spectrum copies of compounds from Rhynchosia minima 
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Plate 1a: 1H NMR (400 MHz, CDCl3) spectrum of compound 2.91 
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Plate 1b: 13C NMR (100 MHz, CDCl3) spectrum of compound 2.91 
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Plate 1c: HMBC (400 MHz, CDCl3) spectrum of compound 2.91 
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Plate 1d: HSQC (400 MHz, CDCl3) spectrum of compound 2.91 
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Plate 1e: COSY (400 MHz, CDCl3) spectrum of compound 2.91 
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Plate 1f: HRESIMS spectrum of compound 2.91 
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Plate 2a: 1H NMR (500 MHz, CDCl3) spectrum of compound 2.88b 
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Plate 2b: 13C NMR (125 MHz, CDCl3) spectrum of compound 2.88b 
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Plate 2c: HMBC (500 MHz, CDCl3) spectrum of compound 2.88b 
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Plate 2d: HSQC (500 MHz, CDCl3) spectrum of compound 2.88b 
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Plate 2e: HRESIMS spectrum of compound 2.88b 
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Plate 3a: 1H NMR (400 MHz, CD3OD) spectrum of compound 2.104 
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Plate 3b: 13C NMR (125 MHz, CD3OD) spectrum of compound 2.104 
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Plate 3c: HMBC (400 MHz, CD3OD) spectrum of compound 2.104 

 



159 
 

Plate 3d: HSQC (400 MHz, CD3OD) spectrum of compound 2.104 
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Plate 3e: COSY (400 MHz, CD3OD) spectrum of compound 2.104 
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Plate 3f: HRESIMS spectrum of compound 2.104 
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Plate 4a: 1H NMR (400 MHz, CD3OD) spectrum of compound 2.3 
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Plate 4b: 13C NMR (125 MHz, CD3OD) spectrum of compound 2.3 
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Plate 4c: HMBC (400 MHz, CD3OD) spectrum of compound 2.3 
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Plate 4d: HSQC (400 MHz, CD3OD) spectrum of compound 2.3 
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Plate 4e: COSY (400 MHz, CD3OD) spectrum of compound 2.3 
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Plate 4f: HRESIMS spectrum of compound 2.3 
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Plate 5a: 1H NMR [400 MHz, (CD3)2SO] spectrum of compound 2.2 
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Plate 5b: 13C NMR [125 MHz, (CD3)2SO] spectrum of compound 2.2 
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Plate 5c: HMBC [400 MHz, (CD3)2SO] spectrum of compound 2.2 
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Plate 5d: HSQC [400 MHz, (CD3)2SO] spectrum of compound 2.2 
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Plate 5e: COSY [400 MHz, (CD3)2SO] spectrum of compound 2.2 
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Plate 5f: HRESIMS spectrum of compound 2.2 
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Plate 6a: 1H NMR (500 MHz, CD3OD) spectrum of compound 2.5 
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Plate 6b: 13C NMR (125 MHz, CD3OD) spectrum of compound 2.5 
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Plate 6c: HMBC (500 MHz, CD3OD) spectrum of compound 2.5 
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Plate 6d: HSQC (500 MHz, CD3OD) spectrum of compound 2.5 
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Plate 6e: HRESIMS spectrum of compound 2.5 
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Plate 7a: 1H NMR (400 MHz, CDCl3) spectrum of compound 2.84b 
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Plate 7b: 13C NMR (75 MHz, CDCl3) spectrum of compound 2.84b 
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Plate 7c: HMBC (400 MHz, CDCl3) spectrum of compound 2.84b 
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Plate 7d: HSQC (400 MHz, CDCl3) spectrum of compound 2.84b 
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Plate 7e: COSY (400 MHz, CDCl3) spectrum of compound 2.84b 
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Plate 7f: HRESIMS spectrum of compound 2.84b 
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Plate 8a: 1H NMR [400 MHz, (CD3)2SO] spectrum of compound 2.63 
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Plate 8b: 13C NMR [100 MHz, (CD3)2SO] spectrum of compound 2.63 
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Plate 8c: HMBC [400 MHz, (CD3)2SO] spectrum of compound 2.63 
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Plate 8d: HSQC [400 MHz, (CD3)2SO] spectrum of compound 2.63 
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Plate 8e: COSY [400 MHz, (CD3)2SO] spectrum of compound 2.63 
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Plate 8f: HRESIMS spectrum of compound 2.63 
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Plate 9: MS and MS/MS spectra of loliolide tentatively identified in the positive ionization mode 
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Plate 10: MS and MS/MS spectra of tricin tentatively identified in the positive ionization mode 
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Plate 11: MS and MS/MS spectra of schaftoside tentatively identified in the negative ionization mode 
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Plate 12: MS and MS/MS spectra of 6''-O-acetyl genistin tentatively identified in the negative ionization mode 
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Appendix II: NMR and HRESIMS spectrum copies of compounds from Phragmites mauritianus 
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Plate 13a: 1H NMR (400 MHz, CDCl3) spectrum of compound 3.18 
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Plate 13b: 13C NMR (125 MHz, CDCl3) spectrum of compound 3.18 
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Plate 13c: HMBC (400 MHz, CDCl3) spectrum of compound 3.18 
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Plate 13d: HSQC (400 MHz, CDCl3) spectrum of compound 3.18 
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Plate 13e: HRESIMS spectrum of compound 3.18 
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Plate 14a: 1H NMR (400 MHz, CD3OD) spectrum of compound 3.2 
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Plate 14b: 13C NMR (125 MHz, CD3OD) spectrum of compound 3.2 
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Plate 14c: HMBC (400 MHz, CD3OD) spectrum of compound 3.2 
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Plate 14d: HSQC (400 MHz, CD3OD) spectrum of compound 3.2 
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Plate 14e: COSY (400 MHz, CD3OD) spectrum of compound 3.2 

 


























































