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Phytochemical Studies of Cyperus esculentus, Carissa spinarum, Melilotus officinalis, 

Rhus glutinosa and Rhus natalensis 

 

Melaku Assefa Sisay 

 

Department of Chemistry, Addis Ababa University 

 

Abstract 

 

In this study, the essential oils obtained from the rhizomes of Cyperus esculentus L. and 

the roots of Carissa spinarum Linn. together with medicinal smoke obtained from burnt 

roots of Carissa spinarum were analyzed by GC-MS. The major components of the 

essential oil of Cyperus esculentus were pinocarveol (11.42%), humulene epoxide II 

(10.18%), caryophyllene oxide (9.38%) and β-pinene (8.95%). On the other hand, the 

essential oil obtained from the roots of Carissa spinarum was predominantly 2- 

hydroxyacetophenone (16, 82.97%). The dominant components of the n-hexane- and 

MeOH-soluble fractions of the smoke derived from the roots of Carissa spinarum were 

found to be 2,6-dimethoxyphenol, 2-methoxyphenol and 2-hydroxyacetophenone. The 

radical scavenging activities of the EtOAc extract of the rhizomes of Cyperus esculentus, 

the MeOH-soluble fraction of the smoke derived from the roots of Carissa spinarum, the 

MeOH extract of the seeds of Melilotus officinalis and the EtOAc extracts of the fresh 

leaves of Rhus glutinosa and Rhus natalensis were also evaluated using the 

diphenylpicrylhydrazyl (DPPH) method. The smoke derived from the roots of Carissa 

spinarum and the MeOH-soluble fraction of the seeds of M. officinalis showed 88.48 ± 

0.31% and 26.35 ± 0.54% DPPH inhibition at concentration of 50.00 µg/mL, respectively. 

On the other hand, the EtOAc-soluble fractions of the rhizomes of Cyperus esculentus and 
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the leaves of R. glutinosa and R. natalensis reduced DPPH radical by 24.53 ± 0.36%, 94.89 

 

± 0.10% and 94.94 ± 0.29% at 50.00 µg/mL, respectively. At the same concentration, 

standard ascorbic acid (a known antioxidant) scavenged the DPPH radical by 96.29 ± 

0.06%. The seed fatty acid composition of M. officinalis was determined in this study by 

GC-MS analysis. Hence, the n-hexane extract of the seeds of M. officinalis unveiled twelve 

compounds with a combined area percentage of 98.33%, the major constituents being 

(9Z,12Z)-octadecadienoic acid (20.22%, 366.08 ppm), 14-methylpentadecanoic acid 

(19.52%, 353.45 ppm) and (9E)-octadecenoic acid (15.94%, 288.66 ppm). Four 

sesquiterpenes, namely, caryophyllene oxide (113), cyperotundone (12), corymbolone 

(114) and tricyclohumuladiol (115), were also isolated from the EtOAc extract of the 

rhizomes of Cyperus esculentus. Furthermore, two compounds, namely, cis-coumaric acid- 

2-O-β-glucopyranoside (cis-melilotoside, 116) and 1,2-benzopyrone (coumarin, 65), were 

isolated from the MeOH extract of the seeds of M. officinalis. Twelve compounds, namely, 

pentacosanol (119), acacetin (120), kaempferol (38), rhusflavanone (121), rhusflavone 

(122), avicularin (123), quercetin (1), myricetin (2), quercitrin (124), shikimic acid (125), 

hyperoside (126), and myricetin-3-O-β-galactopyranoside (127) were obtained from R. 

glutinosa leaves and three compounds, namely, quercetin (1), guaijaverin (131) and vitexin 

(132) were isolated and characterized from the leaves R. natalensis. Spectroscopic 

techniques such as NMR, UV-Vis, FTIR, HRESIMS and single X-ray crystallography 

were used to characterize the isolated compounds. 
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1. Introduction 

 

1.1. Background 

 

Plants are one of the rich sources of small molecules that benefit the producer and other 

living organisms. These small molecules, in broader sense, are defined as natural products 

which are organic compounds that are produced by a living organism and are not essential 

for the survival of the producer but provide an evolutionary advantage for the organism 

within its environment.1 These group of compounds are also called secondary metabolites. 

Unlike primary metabolites, secondary metabolites are unique to one organism or common 

to a small number of closely related organisms. Chemicals of plant origin which may not 

be required as essential nutrients, but may enhance health status of organisms are called 

phytochemicals.2 Phytochemicals obtained from plants include terpenes, alkaloids, and 

phenolics.3 They have been associated with protection from and/or treatment of chronic 

diseases. Natural products have high structural diversity and unique biological activities.1 

Thus, natural products have been utilized in both traditional and modern medicines for 

treating diseases. In addition to their medicinal values, natural products are commonly used 

as poisons, perfumes, flavoring agents, insecticides etc. 

Traditional medicinal plants have been used to treat numerous diseases for many centuries 

and are gaining more and more attention due to their reliable therapeutic efficiency.4 Plant- 

based drugs remain an important source of therapeutic agents, because of the availability, 

relatively cheaper cost and non-toxic nature when compared to modern medicine.4 In 

Ethiopia about 80 % of the population, relying on the indigenous knowledge, use plant- 

based traditional medicine as their major primary health care system.5 
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Bioactive compounds occurring in plant materials consist of multi-component mixtures. 

Their extraction, identification and determination still need further studies. Secondary 

metabolites from plant materials can be extracted by various techniques such as Soxhlet 

extraction, maceration, hydrodistillation, etc. These extraction methods are mainly 

dependent on the type of material to be extracted and the nature of solvents to be used.6 

The isolation and purification of secondary metabolites has gone through innovative 

developments.7 Modern techniques offer the capability to parallel the isolation and 

purification of secondary metabolites. For isolation and purification of phytochemicals, 

column chromatography and thin-layer chromatography are basic and crucial techniques. 

Both of these chromatographic techniques are frequently used due to their low cost, 

suitability, and accessibility in different stationary phases.8 When it comes to structural 

elucidation of the secondary metabolites, different advanced spectroscopic techniques like 

UV-Vis, NMR, IR and mass spectrometry are applicable.8 

Traditional medicines have been administrated through various methods, application of 

essential oil and medicinal smoke are the two common ways. The term essential oil is 

sometimes used as a general term to include all natural, aromatic, and volatile plant oils. 

Different parts of plants such as flowers, leaves, seeds, roots, stems, barks, and wood have 

been used to obtain essential oil.9 Essential oils have a wide range of application in food 

flavoring, fragrances, perfumes and traditional medicine.9 The essential oil of a plant can 

be investigated by using hydrodistillation to extract the oil and GC-MS to characterize the 

chemical composition.10 Direct fumigation and inhalation of plant derived medicinal 

smoke is another widely used methodology to treat different types of diseases. Medicinal 
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smoke from plant materials can be investigated by burning the plant and collecting the 

smoke in different solvents. Compounds in the smoke can be characterized using GC-MS. 

 

1.2. Statement of the Problem 

 

Ethiopia is endowed with rich plant biodiversity. It possesses ca 6000 species of higher 

plants of which 10% are endemic. Many of these plants have found applications in the 

traditional medicinal practices of the country. 

Incense plants, which release fragrant smoke when burned, are very common in many parts 

of Ethiopia. They are used during coffee ceremonies and in special occasions such as rituals 

and religious functions. They are also burnt as perfumes to give fragrance to the hair, skin 

and clothing. The present study will focus on extraction, isolation, and structural 

elucidation of secondary metabolites and biological activity evaluations of two 

traditionally used incense plants namely, Cyperus esculentus (Cyperaceae) and Carissa 

spinarum (Apocynaceae). The study will also focus on plants that are widely used 

traditionally for treatment of inflammation. Thus, three plants namely, Melilotus officinalis 

(Leguminosae/Fabaceae), Rhus glutinosa and Rhus natalensis (Anacardiaceae) have been 

selected for phytochemical investigation. The five plants in this study were selected 

because of the special place the plants have in the traditional medicine of Ethiopia, although 

the plants do not all belong to the same family. 
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1.3. Objectives of the Work 

 

1.3.1. General Objective 

 

The main objective of this research work has been to characterize the chemical composition 

and establish the antioxidant activities of extracts of Cyperus esculentus, Carissa 

spinarum, M. officinalis, R. glutinosa and R. natalensis. 

 

1.3.2. Specific Objectives 

 

1) To determine the chemical constituents of essential oils from the rhizomes of 

 

Cyperus esculentus and the roots of Carissa spinarum, 

 

2) To characterize the smoke from burnt roots of Carissa spinarum and the seed fatty 

acids of M. officinalis using GC-MS, 

3) To establish the radical scavenging activities of the rhizomes of Cyperus 

esculentus, the roots of Carissa spinarum, the seeds of M. officinalis, and the fresh 

leaves of R. glutinosa and R. natalensis. 

4) To isolate secondary metabolites from the rhizomes of Cyperus esculentus, the 

seeds of M. officinalis, and the fresh leaves of R. glutinosa and R. natalensis. 
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2. Literature Review 

 

2.1. Chemical and Biological Studies on Cyperus esculentus 

 

Cyperus esculentus L. (Synonyms: Chlorocyperus aureus, Cyperus aureus, Cyperus 

bahiensis, Cyperus buchananii Boeckeler, Cyperus bulamensis Steud., Cyperus callistus 

Ridl., Cyperus chrysostachys Boeckeler, Cyperus damiettensis A. Dietr., Cyperus 

fulvescens Liebm, Cyperus gracilescens Schult., Cyperus heermannii Buckley, Cyperus 

helodes Schrad. ex Nees, Cyperus hydra Kunth, nom. illeg., Cyperus lutescens Torr. & 

Hook., Cyperus melanorhizus Delile, Cyperus nervosus Bertol., Cyperus officinalis T. 

Nees, Cyperus pallidus Savi, nom. illeg., Cyperus phymatodes Muhl., Cyperus phymatodes 

var. heermannii (Buckley) S. Watson, Cyperus repens Elliott, Cyperus ruficomus Buckley, 

Cyperus sieberianus Link, Cyperus tenoreanus Schult. & Schult. f., Cyperus tenorei C. 

Presl, Cyperus tuberosus Pursh, nom. illeg., Cyperus variabilis Salzm. ex Steud., 

Pterocyperus esculentus (L.) Opiz, Pycreus esculentus (L.), Family: Cyperaceae, Local 

names: go ondo (Som); quunnii (Orm)) is an erect perennial grass-like and sweet-scented 

plant with slender and bright green leaves growing from small, brown tuber-bearing 

rhizomes below the ground. 

Cyperus esculentus is a weed plant belonging to the genus Cyperus of the family 

Cyperaceae (sedge family), widespread in many parts of the world and prefers wet 

grassland and swamps.11 The family Cyperaceae, which has about 5000 species under 104 

genera, is one of the largest families of flowering plants and the genus Cyperus is the 

second largest genus in this family with more than 600 species.12 Cyperus esculentus has 

brownish flowers and it is indigenous to western Asia and Africa.11 It is also known by 
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various other names as tiger nut, chufa, earth nut, yellow nut sedge, groundnut, rush nut, 

and edible galingale.13 

Cyperus esculentus had been cultivated in many parts of the world for its edible tubers.12 

It is one of the lesser known and underutilized crops which are potentially valuable as 

animal feed and human consumption. Cyperus esculentus had been reported to be a 

“health” food, since its tubers have high fat, carbohydrate, fiber and energy contents.14 The 

fatty acid composition of the tubers of Cyperus esculentus indicated high unsaturated fatty 

acid composition, and oleic acid was present in the highest concentration followed by 

palmitic and linoleic acids.14b-e,15 The tubers of Cyperus esculentus were also found to be 

rich in some minerals such as potassium, phosphorus, calcium, sodium and zinc as well as 

vitamins C and E.14a-c,14e,15a,16 In Spain, the tubers are mainly used to make a refreshing and 

nonalcoholic milk-like beverage called horchata de chufa (tiger nut milk or orgeat) which 

is usually consumed in summertime.17 The properties of Cyperus esculentus have been 

exploited in a number of studies including its suitability as biodiesel.18 

Cyperus esculentus was shown to exhibit hepatoprotective19, antioxidant and antibacterial 

activities.15b,15d,20 It also stimulated sexual motivation and improved sexual performance in 

rats.16,21 The use of Cyperus esculentus to heal stomach pain, promote normal 

menstruation, heal mouth and gum ulcers and treat breast lumps and cancer has also been 

documented.22 The tubers of the plant were reported to be high in dietary fiber content, 

which could be effective in the treatment and prevention of many diseases including colon 

cancer, coronary hearth diseases, obesity, diabetics, blood pressure, constipation, 

hemorrhoids and gastrointestinal disorders.23 Cyperus esculentus has also been reported to 

be used in the treatment of flatulence, indigestion, diarrhea, dysentery and excessive 
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thirst.19c,24 The rhizomes of Cyperus esculentus are widely used for skincare and as a 

fragrance among the tribes living in Borena, Oromia region, Ethiopia. The bioactive 

compounds from this plant may be responsible for the clean skin of children and women 

in remote rural areas of Borana, Ethiopia. 

GC-MS analysis of volatile components derived from raw and roasted tubers of Cyperus 

esculentus revealed the main flavor compounds in the raw tubers were alcohols, whereas 

pyrazines were the main volatiles identified in the roasted tubers.25 The presence of 

alkaloids, cyanogenic glycosides, resins, tannins, sterols and saponins in raw tubers of 

Cyperus esculentus and only alkaloids, sterols and resins in roasted tubers was indicated 

by preliminary phytochemical analysis.26 Moreover, HPLC characterization of the aqueous 

extract of Cyperus esculentus revealed the presence of flavonoids and polyphenols.21 

Phenolic acids, p-hydroxybenzoic acid, vanillic acid, syringic acid, ferulic acid and p- 

coumaric acid, were identified in the MeOH extract of the tubers of Cyperus esculentus 

using paper chromatography and TLC techniques.27 Several compounds were also 

identified by GC-MS analysis of the essential oil of Cyperus esculentus.19a,28 

Quercetin (1), myricetin (2), tyramine (3), N-feruloyltyramine (4), stigmasterol (5), linoleic 

acid and oleic acid glycerol esters (6 and 7), together with oleamide (8) and 4-chlorobutyl 

oleate (9) were isolated and quantified in the ethanol extract of the rhizomes of Cyperus 

esculentus.29 The phenolic compounds, p-vinylguaiacol (10) and p-vanillin (11), the 

sesquiterpene, cyprotundone (12), and β-sitosterol (13) were also reported from the 

rhizomes of Cyperus esculentus.30 
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2.2. The Bioactivity and Phytochemistry of Carissa spinarum 

 

Carissa spinarum Linn. (Synonyms: Carissa edulis, Carissa tomentosa, Carissa 

richardiana, Carissa candolleana and Carissa cornifolia) Family: Apocynaceae, Local 

names: Agam (Amh), Hagmasa, Agamsa (Orm), Orgabat, Or-gabat (Som) is a thorny, 

much-branched shrub or climber growing to 5 m high. It is widely distributed in mountain 

bushland, at forest margins, along roadsides, riverbanks and rocky slopes at altitudes from 

550 ‒ 2500 m.31 

Carissa spinarum is used as a traditional remedy for treatment of headache, chest 

complains, rheumatism, oedema, gonorrhoea, syphilis, rabies and it is also used as a 

remedy for fever, sickle cell anemia, cough, ulcer, toothache, and worm infestation.32 In 

pharmacological studies Carissa spinarum exhibited antiviral,33 anticonvulsant,34 anti- 
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cancer,35 antiplasmodial,36 antimicrobial,37 analgesic,38 antipyretic,39 diuretic,40 

hypoglycaemic,41 as well as wound healing activities.42 It is also used as a source of dye.43 

The genus Carissa is a rich source of different natural classes of compounds. A literature 

search for the phytoconstituents of Carissa spinarum indicated the isolation of lignans,44 

phenolic compounds,44a,45 sesquiterpenes,44b,46 chlorogenic acid derivatives,32,47 flavonoids 

and their glycosides,32,47 cumarins,44a triterpenes,32,48 and cardiac glycosides.49 The inosit 

derivative quebrachitol (14) was isolated from the twigs of Carissa spinarum. Chemical 

studies on the MeOH extract of the roots of Carissa spinarum resulted in the isolation of a 

sesquiterpene, carissone (15), seven aromatic compounds, O-hydroxyacetophenone (16), 

catalponol (17), vanillin (11), 4-hydroxy-(3-hydroxypropionyl)benzene (18), 

coniferaldehyde (19), scopoletin (20), and isofraxidin (21) and six lignans, (‒)- 

nortrachelogenin (22), carinol (23), carissanol (24), (+)-lariciresinol (25), (‒)- 

secoisolariciresinol (26), and (‒)-olivil (27).44a Compound 16 was also found to be the 

major component (99.9%) of the DCM extract of the steam distillate of the fresh root bark 

of Carissa spinarum by capillary GC-MS and spectroscopic methods.45 
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Phytochemical investigation of the petrol- and tetrachloromethane-soluble fractions of the 

MeOH extract of the roots of Carissa spinarum resulted in the isolation of seven 

sesquiterpenes, namely, carissone (17), cryptomeridiol (28), β-eudesmol (29), 6α- 

carissanol (30), 6β-carissanol (31), α-carissanol (32), and germacrenone (33).44b From the 

stems of Carissa spinarum, the germacrane derivative, carenone (34), together with 3′-(4′′- 

methoxyphenyl)-3′-oxopropionyl hexadecanoate (35) were also isolated.46 
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Eleven compounds, namely, chlorogenic acid-1-ethyl ether-1-methyl ester (36), caffeic 

acid methyl ester (37), kaempferol (38), quercetin-3-O-D-glucoside-7,3′,4′-trimethyl ether 

(39), rutin (40), pinitol (41), β-amyrin (42), lupeol (43), stigmasterol glucoside (44), β- 

sitosterol (13) and β-sitosterol glucoside (45), were isolated from the ethanol extract of the 

aerial parts of Carissa spinarum.32 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Three lignans, (+)-cycloolivil (46), (+)-8-hydroxypinoresinol (47), and (+)-pinoresinol 

(48), and two cardiac glycosides, digitoxigenin-3-O-β-D-digitalopyranoside (49) and 

evomonoside (50), together with carissone (15), scopoletin (20), (‒)-nortrachelogenin (22), 
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carinol (23), carissanol (24), (‒)-secoisolariciresinol (26), and (‒)-olivil (27), were isolated 

from the MeOH extract of the stem of Carissa spinarum.49 

 

 
 

      

 

 

Phytochemical studies on the pet ether extract of the roots of Carissa spinarum resulted in 

the isolation of six compounds, namely, stigmasterol (5), ursolic acid (51), lupeol (43), 

campesterol (52), 17-hydroxy-11-oxo-nor-β-amyrone (53) and urs-12-ene-3β,22β-diol-17- 

carboxylic acid (54).48 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigation of the EtOAc and butanol fractions from the ethanol extract of the aerial parts 

of Carissa spinarum afforded 3-O-acetyl chlorogenic acid (55), along with five flavonol 
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glucosides, namely, kaempferol 3-O-β-D-glucopyranoside (56), quercetin-3-O-β-D- 

glucopyranoside (57), rhamnetin-3-O-β-D-glucopyranoside (58), isorhamnetin-3-O-β-D- 

glucopyranoside (59) and isorhamnetin-3-O-β-D-glucopyranoside-(2′′⭢1′′′)- 

rhamnopyranoside (60), together with caredulis (61) and (+) butyl-O-α-L-rhamnoside 

(62).47 

 

 

 

 

 

 

 

 

 

2.3. The Bioactivity and Phytochemistry of Melilotus officinalis 

 

Melilotus officinalis (Figure 1, Synonyms: Melilotus suaveolens, Medicago officinalis, 

Melilotus arenarius, Melilotus arvensis, Melilotus neglectus, Melilotus pallidus, Melilotus 

petitpierreanus, Trifolium officinale) Local name: Titako (Orm)) belongs to the genus 

Melilotus of the Leguminosae (Fabaceae) family, and is an annual, erect herb often more 

than 1 m tall with small yellow flowers.50 It is also known as yellow sweet clover or 

medicinal sweet clover51 and is widely distributed around the world. It occurs in most parts 

of Ethiopia, Tanzania, North Asia and India.50 The flowering stems or just the flowers of 
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the plant are used medicinally. When dry they have a bitter taste and hay-like smell due to 

coumarin (65). 

 

 

Figure 1: Melilotus officinalis (Photo by Prof. Wendimagegn Mammo) 

 

M. officinalis is used not only as food and forage but also as medicine. It has been used for 

the treatment of arthritis, brachialgia, bronchitis, hemorrhoids, rheumatism, painful 

menstruation, palpitations and kidney stones.52 European Medicines Agency (EMEA) 

reported that M. officinalis is used orally against stomachache, gastric ulcer, disorders of 

the liver and uterus in folk medicine. Furthermore, it was reported to be used for ulcers of 

the eyes, earache, hardening and swelling of the uterus.53 This plant showed anti- 

inflammatory,54 antioxidant55 and antiproliferative effects56 and has also been reported to 
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promote tissue regeneration, prevent skin aging, and reduce fat deposition.57 Phenolic 

compounds, flavonoids, and coumarins could be responsible for these activities.56 

It was reported that saponin and the flavonoid mixture from the BuOH-soluble fraction of 

 

M. officinalis showed potent inhibitory activity on leucocyte migration.58 Coumarin (65) 

which originated from this plant species is used in the pharmaceutical industry as an 

ingredient of anticoagulant drugs.59 Extracts of M. officinalis are used to treat the symptoms 

of venous and lymphatic insufficiency and capillary fragility.53 The herb has aromatic, 

emollient and carminative properties. It was formerly much esteemed in medicine as an 

emollient and digestive and is recommended for many complaints.60 

It has been reported that M. officinalis is used as nervine tonic, anti-convulsant and also for 

treatment of insomnia.52a,61 A scientific study validated the traditional use of the aerial parts 

of M. officinalis as an anxiolytic and resulted in the isolation of kaempferol (38) which was 

found to be responsible for the anxiolytic effect of the plant.62 In folk medicine, M. 

officinalis is also used for treating jaundice and liver diseases63 and a bioactivity study 

revealed that the MeOH extract of the aerial parts of M. officinalis showed strong 

hepatoprotective activity.64 Examination of the water, acetone, diethyl ether and ethanol 

extracts of the aerial parts of M. officinalis showed that all extracts, especially the acetone 

extract, exhibited antimicrobial activity and inhibitory activity on biofilm formation.65 It 

was also reported that cattle and horses show anemia and hemorrhage when exposed to M. 

officinalis.66 

M. officinalis was reported to contain uric acid, coumarin, flavonoids and their glycosides, 

steroids and saponins, fatty acids, triterpenes, oleanane-type triterpene glucuronides, 
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phenolic acids, and volatile components.51,52b,58,67 Soyasapogenol B (63) and E (64) 

together with coumarin (65) and kaempferol (38) were isolated and identified from the 

MeOH extract of the aerial parts of M. officinalis.52b Phytochemical investigation for 

compounds with inhibitory effect on leukocyte migration from the BuOH fraction of the 

MeOH extract of the aerial parts of M. officinalis led to the isolation and characterization 

of azukisaponin V (66).58 A sapogenin, melilotigenin (67), was also isolated from the 

MeOH extract of the dried leaves and flowers of M. officinalis.67f 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 
 

Further investigation of the BuOH-soluble fraction from the MeOH extract of the aerial 

parts of M. officinalis led to the isolation of two saponins, azukisaponin V (66) as the 

carboxylate form and azukisaponin II (68), as well as two flavonoid glycosides, robinin 

(69) and clovin (70).67e 
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Nohara and Kinjo isolated two oleanene glucuronides, melilotus-saponin O1 (71) and 

melilotus-saponin O2 (72), together with soyasaponin I (73), dehydrosoyasaponin I (74), 

acetyl-soyasaponin I (75), wistariasaponin D (76) and astragaloside VIII (77), from the 

MeOH extracts of the roots and aerial parts of M. officinalis.51,67c 
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Two flavonoids, robinin (69) and kaempferol-3-O-[D-galacto-D-gluco-L-arabino-L- 

rhamnoside] (78) were isolated from the leaves and flowers of M. officinalis.67j Chemical 

investigation of the MeOH extract of the whole plant material resulted in the isolation of 

hexadecanoic acid (79), kaempferol-3-O-β-glucopyranoside (56) and four triterpenes 

(lupanone (80), lupeol (43), betulinic acid (81), and oleanolic acid (82)).67i Three triterpene 

oleanane glycosides (melilotosides A1, B1, and C1, (83 ‒ 85)) and non-glycosylated 

soyasapogenol B (65) were also isolated from the roots of M. officinalis.67g 
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Two p-hydroxybenzoic acid glycosides (p-hydroxybenzoic acid-4-O-α-D-manopyranosyl- 

(1⭢3)-α-L-rhamnopyranoside (86) and 4-O-α-L-rhamnopyranosyl-(1⭢6)-α-D- 

manopyranosyl-(1⭢3)-α-L-rhamnopyranoside (87)), three acids (salicylic acid (88), 

fumaric acid (89), and caffeic acid (90)), two flavonoids (luteolin (91), and quercetin (1)), 

together with coumarin (65) and betaine (92) were isolated from the 70% aqueous ethanol 

extract of the aerial parts of M. officinalis.67h 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

A more recent chemical study on the MeOH extract of the aerial parts of M. officinalis 

resulted in the isolation of the isoflavane derivative melilofficinaside (93), together with 

seven other metabolites, namely, coumarin (65), uridine (94), methyl-α-D-fructofuranoside 

(95), kaempferol-3-O-β-D-glucopyranosyl-7-O-α-L-rhamnopyranoside (96), quercetin-3- 

O-β-D-glucopyranosyl-7-O-α-L-rhamnopyranoside (97), robinin (69), and kaempferol 3- 

O-α-L-rhamnopyranosyl-(1→2)-[α-rhamnopyranosyl-(1→6)]-β-galactopyranosyl-7-O-α- 

rhamnopyranoside (98).67d 
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Thirty five volatile compounds were identified with coumarin (65, 35.3%) and (Z)-3- 

hexen-1-ol (99, 25.9%) being the most prominent by GC-MS analysis of the leaf oil of M. 

officinalis.67a However, hexahydrofarnesylacetone (100, 16.64%), β-eudesmol (29, 

11.49%) and globulol (101, 8.65%) were found to be the main constituents of the essential 

oil from the dried aerial parts by GC-MS analysis.67b HPLC analysis of the leaves of the 

plant showed the presence of 18 phenolic compounds including coumarins, flavonoids, and 

derivatives of phenolic carboxylic acids.67k The presence of high amount of unsaturated 

fatty acids in the seeds of M. officinalis was determined by using gas chromatography with 

flame ionization detection.67m 
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2.4. The Bioactivity and Phytochemistry of the Genus Rhus 

 

Anacardiaceae is a family of flowering plants with about 70 genera and 600 species. The 

genus Rhus (sumac) includes about 250 species, which occur mainly in the tropics, 

subtropics and temperate areas of the world, especially in North America and Africa.68 

Rhus species have been used for medicinal and other purposes. They were traditionally 

used for human consumption69, wound healing70, treatment of dysentery71, diarrhea, 

menorrhogia, fever, bleeding disorders and inflammation.70b Pharmacological studies on 

extracts of Rhus indicated antimicrobial, antifungal, antiviral, antimalarial72, antioxidant, 

anti-inflammatory and several other activities.70b,73 Plants belonging to genus Rhus were 

found to contain biflavonoids72,74, flavonoids72,75, phenolic compounds74j,76, urushiol 

congeners77, triterpenes76c,78, and bichalcones74j,79. However, not all Rhus species have 

been adequately investigated for potential bioactive components and their bioactivities. 

Rhus glutinosa (Synonyms: Searsia glutinosa, Toxicodendron glutinosum) Family: 

Anacardiaceae, Local names: Kumini (Ag), Embus, Qamo (Amh), Akessa, Tatessa (Orm), 

Shemut (Tig)) is a spreading or upright shrub or tree 3 ‒ 10 m. This species is named for 

the new shoots which exude a shiny, sticky liquid (glutinous). This plant has three 

subspecies, R. glutinosa subsp. abyssinica, R. glutinosa subsp. unifoliolate and R. glutinosa 

subsp. neoglutinosa. R. glutinosa is endemic to Ethiopia and Eritrea.80 A literature search 

on chemical studies of R. glutinosa showed that the plant has never been characterized 

chemically. 

Rhus natalensis (Synonyms: R. glaucescens var. macrocarpa Schweinf., R. macrocarpa 

 

Engl., R. abyssinica Oliv. var, glabrata, R. crenulate, Toxicodendron macrocarpum (Engl.) 
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Kuntze, Toxicodendron natalense (Bernh. ex Krauss) Kuntze) Family: Anacardiaceae, 

Local names: Mstt Aybelash, Fatuqa, Taquma, Ttaquma (Amh) densely branched shrub, 

sometimes scandent, or small tree.81 Several traditional medicinal uses were reported for 

different parts of R. natalensis.82 

The twigs of R. natalensis are used as chewing sticks. Aqueous extract of the twigs 

possesses inhibitory components to interfere with the virulence and growth of 

periodontopathic bacteria which in turn reduce the rate of dental plaque formation.83 The 

leaves of R. natalensis are used traditionally as antimalarial therapy in Kenya and 

evaluation of the cytotoxicity and efficacy of the plant confirmed its antimalarial 

activity.82d,84 

The ethanol extract of the leaves of R. natalensis showed affinity to the N-methyl-D- 

aspartic acid (NMDA) receptor indicating its potential for treating epilepsy.85 The 

acetone/water (70/30%) extract of the leaves of R. natalensis showed anthelmintic property 

against Haemonchus contortus, larval inhibition resulting from the presence of phenolic 

and non-phenolic compounds.86 R. natalensis also exhibited antiviral87, antinociceptive,88 

antimicrobial74j,82e,89, cytotoxic and antioxidant activities75d,76b. 

HPLC and TLC examination of aqueous acetone extract of the leaves of R. natalensis 

resulted in identification of flavonoids, tannins, catechin, proanthocyanidins, trans- and 

cis-p-coumaric and trans-ferulic acids, in addition to gallic, ellagic and chlorogenic acids.90 

The analysis of flavonoids in 80% aqueous MeOH extract of R. natalensis using two- 

dimensional paper chromatography revealed eleven flavonoids, many of which were 

flavonol glycosides of myricetin and quercetin.91 
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A biflavonoid, rhuschromone (102), together with rhuschalcone II (103) and 3-((Z)- 

heptadec-13-enyl) benzene-1,2-diol (104) were isolated from the hexane and EtOAc 

extracts of the root bark of R. natalensis.74j Phytochemical investigation of the DCM 

extract of the aerial parts of R. natalensis resulted in the isolation of four flavanones, 7-O- 

methyl hesperetin (105), 7-O-methyl naringenin (106), (-)-homoeriodictyol (107) and 

eriodictyol-7-methyl ether (108), and two flavones, 7-O-methyl isokaemferide (109) and 

genkwanin (110), in addition to β-amyrin (42) and β-sitosterol glucoside (45).75d Five 

compounds, epicatechin (111), β-sitosterol (13), β-sitosterol glucoside (45), stigmasterol 

(5) and lupeol (43) were also isolated and characterized from the root bark of R. 

natalensis.76c Analysis of the EtOAc extract of the roots of R. natalensis resulted in the 

isolation of 3-((Z)-heptadec-14-enyl) benzene -1-ol (112).76b 
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3. Results and Discussion 

 

In this study, essential oils from Cyperus esculentus and Carissa spinarum and fatty acids 

from M. officinalis were extracted and analyzed by GC-MS. In addition, the smoke 

obtained from burning the roots of Carissa spinarum was trapped in organic solvents and 

analyzed by GC-MS. The radical scavenging activities of the MeOH-soluble fraction of 

the smoke derived from Carissa spinarum, MeOH extract of M. officinalis and the EtOAc 

extracts of Cyperus esculentus, R. glutinosa and R. natalensis were determined using the 

DPPH assay. Solvent extracts of Cyperus esculentus, M. officinalis, R. glutinosa and R. 

natalensis were also phytochemically investigated as described in the following sections. 

 

3.1. Phytochemical Studies on the Rhizomes of Cyperus esculentus 

 

The aim of this study is to determine the phytochemical composition and bioactivity of 

essential oil and solvent extract of the rhizomes of Cyperus esculentus. The extracts of the 

plant were subjected to phytochemical analysis as described in the following sections. 

 

3.1.1. Extraction and Characterization of Compounds from the Essential Oil of 

 

Cyperus esculentus 

 

The dried rhizomes of Cyperus esculentus were ground and subjected to hydrodistillation 

following the procedure described in Section 4.3.1.1. The essential oil was then analyzed 

by GC-MS using the method described in Section 4.3.1.2. GC-MS analysis of the essential 

oil revealed the presence of 25 compounds (Figure 2). Sixteen compounds with qualities 

greater than 80% and area percentage greater than one were identified by using NIST 2014 

mass spectral library search and retention index (I). The names of identified compounds 
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with their respective retention times, area percentages, structures, qualities, and retention 

indices are given in Table 1. As shown in the table, the major components identified from 

the essential oil of the rhizomes of Cyperus esculentus were pinocarveol (11.42%), 

humulene epoxide II (10.18%), caryophyllene oxide (9.38%) and β-pinene (8.95%). 
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Figure 2: The GC-MS chromatogram of the essential oil from the rhizomes of Cyperus 

esculentus. 
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Table 1: Compounds identified from the essential oil of the rhizomes of Cyperus 

esculentus by GC-MS analysis. 

 

Pk Rt 
Area 

Pct. 
Compound Structure Q I 

       

1 5.36 6.85 (1S)-α-Pinene  97 966.51 

2 5.45 3.82 (1R)-α-Pinene  94 972.30 

 
3 

 
5.71 

 
1.88 

 
Dehydrosabinene 

  
95 

 
989.43 

 

 
 

4 

 

 
 

6.09 

 

 
 

8.95 

 

 
 

β-Pinene 

  

 
 

94 

 

 
 

1013.55 

 

5 

 

6.92 

 

1.38 

 

Limonene 

 

 

 

 

99 

 

1067.97 

6 7.00 1.94 Eucalyptol  95 1072.94 

 
 

 
7 

 
 

 
8.75 

 
 

 
11.42 

 
 

 
Pinocarveol 

  
 

 
90 

 
 

 
1188.12 

 

8 

 

9.14 

 

2.91 

 

Pinocarvone 

 

 

 

95 

 

1214.18 

9 9.64 7.29 Myrtenal  

 
 

 

98 1249.32 

10 9.85 3.53 Verbenone 
 

 98 1263.67 
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Table 1 continued 
 

 

 
Pk 

 
Rt 

Area 

Pct. 

 
Compound 

   
Structure 

 
Q 

 
I 

 

 
11 

 

 
12.22 

 

 
2.18 

 

 
β-Copaene 

    

 
99 

 

 
1437.57 

12 12.60 7.01 Cyperene    99 1466.78 

         

         

13 13.37 1.68 Rottundene    98 1528.81 

 
 

 

 
 

14 

 
 

 

 
 

14.92 

 
 

 

 
 

9.38 

 
 

 

 
 

Caryophyllene oxide 

    
 

 

 
 

83 

 
 

 

 
 

1660.37 

15 15.23 10.18 Humulene epoxide II    93 1687.25 

 
16 

 
16.26 

 
2.69 

 
Cyperotundone 

    
99 

 
1781.61 

 

 
 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality, I = retention index 

 
 

 
 

The essential oil of Cyperus esculentus was partitioned between MeOH and n-hexane, and 

both the MeOH and n-hexane fractions were analyzed by GC-MS. The major compounds 

identified in the MeOH fraction were verbenone (15.34%), cyperotundone (12.04%) and 
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pinocarveol (10.19%). On the other hand, cyperene (14.95%) and cyperotundone (9.13%) 

were found to be the major compounds in the n-hexane fraction (Figure 3). 
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Figure 3: The GC-MS chromatogram of the methanol and n-hexane fractions of the 

essential oil from the rhizomes of Cyperus esculentus. 
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3.1.2. DPPH Radical Scavenging Assay of the Rhizomes of Cyperus esculentus 

 

The dried and ground rhizomes of Cyperus esculentus were first extracted with n-hexane 

then with EtOAc and finally with MeOH (see Section 4.3.1.3). The radical scavenging 

activity of the EtOAc extract of the rhizomes of Cyperus esculentus was assessed using 

DPPH according to the procedure described in Section 4.3.1.4. The extract showed a 

27.62% DPPH inhibition at concentration of 100.00 μg/mL and at the same concentration 

ascorbic acid standard exhibited a 96.09% DPPH inhibition (Table 2). 

 

Table 2: Radical scavenging activities of the EtOAc extract of the rhizomes of Cyperus 

esculentus and ascorbic acid standards determined using the DPPH assay 

 

Concentration 

(μg/mL) 

% DPPH Inhibition 

EtOAc extract of Cyperus esculentus Ascorbic acid standard 

100.00 27.62 ± 0.33 96.09 ± 0.16 

50.00 24.53 ± 0.36 96.29 ± 0.06 

25.00 23.22 ± 0.65 96.26 ± 0.06 

12.50 22.01 ± 0.37 96.06 ± 0.12 

6.25 21.68 ± 0.47 91.30 ± 0.31 

3.13 21.45 ± 0.36 54.06 ± 1.27 

1.56 20.57 ± 0.31 35.00 ± 0.52 

The results are reported as mean ± SD of three replicates. 

 

 

 

3.1.2. Fractionation of the Ethyl Acetate Extract of the Rhizomes of Cyperus 

esculentus 

 

In the course of this study, attempts were made to isolate and characterize secondary 

metabolites from the EtOAc extract of the rhizomes of Cyperus esculentus as shown in 

Section 4.3.1.5. Thus, four compounds, caryophyllene oxide (113), cyperotundone (12), 
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corymbolone (114) and tricyclohumuladiol (115) (Figure 4), were isolated by using silica 

gel and Sephadex LH-20 column chromatography and PTLC techniques. The isolated 

compounds were then characterized by spectroscopic techniques such as UV-Vis, FTIR, 

HRESIMS, NMR and single-crystal X-ray crystallography as described in the following 

section. 

 

 

 
 

 

Figure 4: Structures of compounds isolated from the rhizomes of Cyperus esculentus. 

 

 

3.1.4. Characterization of Compounds Isolated from the Rhizomes of Cyperus 

esculentus 

 

3.1.4.1. Characterization of Compound 113 
 

 

 

 

 

Compound 113 was isolated as colorless crystals and has a melting point of 62.5 ‒ 63.9 °C. 

The UV-Vis spectrum of 113 did not show any absorption band. The IR spectrum of 113 

(Appendix 4) revealed terminal methylene =C‒H stretching absorption band at 3430 cm‒1, 
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C‒H stretching absorption band at 2926 and 2855 cm‒1, and terminal methylene C=C 

stretching absorption at 1737 cm‒1. The 13C-NMR spectrum (Figure 5) revealed 15 carbon 

resonances which are due to three quaternary carbons (δ 34.04, 59.86 and 151.85), three 

methine carbons (δ 48.75, 50.71 and 63.78), one exocyclic methylene group (δ 121.78), 

five aliphatic methylene carbons (δ 27.21, 29.77, 30.21, 39.14 and 39.75) and three methyl 

groups (δ 17.01, 21.62 and 29.90) as evidenced by the DEPT-135 (Figure 5) and HSQC 

spectra (Appendix 2). 

 

 

Figure 5: The 13C- and DEPT-135 NMR spectra of 113 in CDCl3. 

 

 

 
The 1H-NMR spectrum of 113 (Figure 6) indicated resonances for the exocyclic methylene 

group at δ 4.88 (1H, d, J = 1.80 Hz, H-13a) and 4.99 (1H, d, J = 2.00 Hz, H-13b), one 

oxygenated methine at δ 2.90 (1H, dd, J = 10.60, 4.04 Hz, H-5) and three methyl groups at 

δ 1.00 (3H, s, Me-15), 1.02 (3H, s, Me-14) and 1.22 (3H, s, Me-12) (Table 3). The 1H-1H 
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COSY NMR spectrum of 113 (Appendix 1) showed correlations for two spin systems, H2- 

10/H-9/H-1/H2-2/H2-3 and H-5/H2-6/H2-7 (Figure 7). 

 

 

 

 

 
 

 
 

Figure 6: The 1H-NMR spectrum of 113 in CDCl3. 

 

 

 
The HMBC (Appendix 3) correlations of H-13 (δ 4.88 and 4.99) with C-7 (δ 29.77) and C- 

9 (δ 48.75) and correlations of both H-7 (δ 2.13 and 2.36) and H-9 (δ 2.64) with C-8 (δ 

151.85) clearly showed that the exocyclic double bond must be located between C-7 and 

C-9. HMBC correlations of H-1 (δ 1.78) and H-10 (δ 1.68) with C-11 (δ 34.04), Me-14 (δ 

21.62), and Me-15 (δ 29.90) and correlations of both Me-14 (δ 1.02) and Me-15 (δ 1.00) 

with C-11 (δ 34.04) together with correlations between Me-14 and Me-15 indicated the 

two methyl groups, Me-14 and Me-15, are attached to C-11. The remaining methyl group, 

Me-12, must be attached to C-4 because of the correlations of H-3 (δ 0.97 and 2.13) with 
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Me-12 (δ 17.01), and Me-12 (δ 1.22) with both C-4 (δ 59.86) and C-5 (δ 63.78). 

Furthermore, HMBC correlations of H-1 (δ 1.78) to C-3 (δ 39.14), C-8 (δ 151.85) and C- 

9 (δ 48.75); H-5 (δ 2.90) to C-3 (δ 39.14), C-4 (δ 59.86) and C-7 (δ 29.77); H-6 (δ 1.37 and 

2.27) to C-4 (δ 59.86), and H-9 (δ 2.64) to C-2 (δ 27.21) and C-7 (δ 29.77) were used to 

elucidate the structure of compound 113 (Figure 4). However, it was not possible to rule 

out the different configurations of compound 113 based on the above spectroscopic data 

alone. The NMR data of 113 are in agreement with published data for caryophyllene 

oxide92 which was previously reported from the essential oil of another Cyperus species 

Cyperus bulbosus.93 

Table 3: The 1H-NMR data (δppm) of compound 113. 
 

 
113 

(CDCl3, 400 MHz) 

Lit.92 

(CDCl3, 400 MHz) 

1.78 (1H, t, J = 9.72 Hz, H-1) 1.74 (1H, t, J = 10.0 Hz, H-1) 

1.68 (1H, m, H-2) 

1.46 (1H, m, H-2) 

1.65 (1H, m, H-2) 

1.42 (1H, m, H-2) 

2.13 (1H, m, H-3) 

0.97 (1H, m, H-3) 

2.09 (1H, m, H-3) 

0.93 (1H, m, H-3) 

2.90 (1H, dd, J = 10.60, 4.04 Hz, H-5) 2.85 (1H, dd, J = 10.6, 4.2 Hz, H-5) 

2.27 (1H, m, H-6) 

1.37 (1H, m, H-6) 

2.23 (1H, m, H-6) 

1.32 (1H, m, H-6) 

2.36 (1H, m, H-7) 

2.13 (1H, m, H-7) 

2.32 (1H, ddd, J = 12.6, 8.0, 4.3 Hz, H-7) 

2.11 (1H, m, H-7) 

2.64 (1H, q, J = 9.41 Hz, H-9) 2.59 (1H, q, J = 7.4 Hz, H-9) 

 

1.68 (2H, m, H-10) 
1.69 (1H, m, H-10) 

1.62 (1H, m, H-10) 

1.22 (3H, s, H-12) 1.18 (3H, s, H-12) 

4.99 (1H, d, J = 2.00 Hz, H-13) 

4.88 (1H, d, J = 1.80 Hz, H-13) 

4.95 (1H, brs, H-13) 

4.83 (1H, brs, H-13) 

1.02 (3H, s, H-14) 0.98 (3H, s, H-14) 

1.00 (3H, s, H-15) 0.96 (3H, s, H-15) 
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Table 4: The 13C-NMR data (δppm) of compound 113. 
 

 

C 
113 

(CDCl3, 100 MHz) 
Lit.92 

(CDCl3, 100 MHz) 

1 50.71 50.8 

2 27.21 27.2 

3 39.14 39.2 

4 59.86 59.8 

5 63.78 63.7 
6 30.21 30.3 

7 29.77 29.8 

8 151.85 151.8 

9 48.75 48.7 

10 39.75 39.8 

11 34.04 34.1 

12 17.01 17.0 
13 112.78 112.8 

14 21.62 21.7 
  15  29.90  29.9  

 

 

 

3.1.4.2. Characterization of Compound 12 

 

 

Compound 12 was isolated as colorless crystals with a melting point of 36.0 ‒ 38.0 °C. The 

UV-Vis spectrum (Appendix 12) in MeOH of 12 showed an absorption maximum at 246 

nm which indicated the presence a conjugated carbonyl group in the molecule. The IR 

spectrum of 12 (Appendix 11) revealed the C-H stretching absorption bands at 2928 and 

2873 cm‒1, and the α-β-unsaturated ketone absorption bands at 1707 and 1666 cm‒1. 

Analysis of the 13C-NMR (Appendix 6) and HSQC (Appendix 9) spectra of 12 revealed 

the presence of 15 carbons, including one carbonyl carbon (δ 211.06), two olefinic carbons 

(δ 133.38 and 181.81), two quaternary carbons (δ 41.62 and 58.70), four methylene carbons 
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(δ 27.00, 28.37, 30.49 and 41.16), two methine carbons (δ 33.72 and 45.35), and four 

 

methyl groups (δ 8.35, 16.83, 19.58 and 24.84), which characterized a sesquiterpene 

skeleton. The 1H-NMR spectrum of 12 (Appendix 5) exhibited signals due to four methyl 

groups at δ 0.62 (d, J = 6.32 Hz), 0.75 (s), 1.11 (s) and 1.73 (s), of which the signal at δ 

1.73 was due to a methyl group attached to an olefinic carbon atom (Table 5). 

 

The 1H-1H COSY (Appendix 8) correlations between H-6 (δ 2.31 and 2.60) and H-7 (δ 

1.98) and correlation of H-8 (δ 1.42 and 1.98) with H-9 (δ 1.06 and 1.61); H-9 (δ 1.02 and 

1.60) with H-10 (δ 2.18); and H-10 (δ 2.18) with Me-15 (δ 0.62) established the 

connectivity of C-6 to C-7; C-8 to C-9; C-9 to C-10; and C-10 to Me-15. HMBC correlation 

(Appendix 10) of Me-12 (δ 1.11) with C-7 (δ 45.35), C-11 (δ 41.62) and Me-13 (δ 24.84); 

correlation of Me-13 (δ 0.75) with C-1 (δ 58.70), C-7 (δ 45.35), C-11 (δ 41.62) and Me-12 

(δ 19.58); correlation of Me-14 (δ 1.73) with C-3 (δ 211.06), C-4 (δ 133.38) and C-5 (δ 

181.81); and correlation of Me-15 (δ 0.62) with C-1 (δ 58.70), C-9 (δ 28.37) and C-10 (δ 

33.72), indicated that Me-12 and Me-13 must be attached to C-11 (δ 41.62) and Me-14 and 

Me-15 are attached to C-4 (δ 133.38) and C-10 (δ 33.72), respectively. Furthermore, 

HMBC correlation of H-2 (δ 1.98 and 2.18) with C-3 (δ 211.06), C-4 (δ 133.38), C-5 (δ 

181.81), C-10 (δ 33.72) and C-11 (δ 41.62) was used to establish the structure of 12 (Figure 

4). However, the different configurations of compound 12 were not ruled out based on the 

above spectroscopic data. Compound 12 was determined to be cyperotundone by 

comparing its spectral data with the data reported in the literature94. Cyperotundone was 

previously identified in the MeOH fraction of the smoke from burnt rhizomes of Cyperus 

esculentus using GC-MS analysis.30b It was isolated from the rhizomes and tubers of 

another Cyperus species Cyperus rotundus.94-95 
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Table 5: The 1H-NMR data (δppm) of compound 12. 
 

 
12 

(CDCl3, 400 MHz) 

Lit.94 

(CDCl3, 500 MHz) 

1.98 (1H, m, H-2) 

2.18 (1H, m, H-2) 

2.00 (1H, d, J = 17.5 Hz, H-2) 

2.14 (1H, d, J = 17.5 Hz, H-2) 

2.60 (1H, dd, J = 18.92, 7.32 Hz, H-6) 

2.31 (1H, d, J = 18.96 Hz, H-6) 

2.60 (1H, dd, J = 19.0, 6.5 Hz, H-6) 

2.29 (1H, d, J = 19.0 Hz, H-6) 

1.98 (1H, m, H-7) 1.96 (1H, ddd, J = 6.5, 3.5, 2.5 Hz, H-7) 

1.98 (1H, m, H-8) 

1.42 (1H, m, H-8) 

1.95 (1H, ddd, J = 13.0, 13.0, 2.5 Hz, H-8) 

1.41 (1H, ddd, J = 13.0, 6.5, 3.5 Hz, H-8) 

1.60 (1H, dt, J = 15.16, 6.32 Hz, H-9) 

1.02 (1H, m, H-9) 

1.59 (1H, dt, J = 15.0, 6.5 Hz, H-9) 

1.01 (1H, dddd, J = 15.0, 13.0, 13.0, 6.5 Hz, H-9) 

2.18 (1H, m, H-10) 2.17 (3H, d penta, J = 13.0, 6.5 Hz, H-10) 

1.11 (3H, s, H-12) 1.10 (3H, s, H-12) 

0.75 (3H, s, H-13) 0.74 (3H, s, H-13) 

1.73 (3H, s, H-14) 1.72 (3H, s, H-14) 

0.62 (3H, d, J = 6.32 Hz, H-15) 0.67 (3H, d, J = 6.5 Hz, H-15) 

 

 
 

Table 6: The 13C-NMR data (δppm) of compound 12. 
 

 

C 
12 

(CDCl3, 100 MHz) 
Lit.94 

(CDCl3, 125 MHz) 

1 58.70 58.7 

2 41.16 41.1 

3 211.06 210.9 

4 133.38 133.4 

5 181.81 181.6 

6 30.49 30.5 

7 45.35 45.4 
8 27.00 27.0 

9 28.37 28.4 

10 33.72 33.7 

11 41.62 41.7 

12 19.58 19.6 

13 24.84 24.8 

14 8.35 8.3 
  15  16.83  16.8  
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3.1.4.3. Characterization of Compound 114 
 

 

 

 

 

Compound 114 was obtained as colorless crystals and is found to have a melting point of 

 

135.0 ‒ 136.8 °C. The IR spectrum of 114 (Appendix 19) showed the presence of hydroxy 

group (3435 cm‒1), a carbon-carbon double bond (1644 cm‒1) and a carbonyl group (1709 

cm‒1). The 13C-NMR spectrum of 114 (Appendix 14) revealed fifteen carbon resonances 

assigned with the help of its DEPT-135 (Appendix 15) and HSQC spectra (Appendix 17) 

to one double bond typical of an isopropenyl group (δ 108.88 and 149.57), one carbonyl 

carbon (δ 216.17), one oxygenated quaternary carbon (δ 78.64), one quaternary carbon (δ 

51.26), five methylene carbons (δ 25.47, 28.02, 30.17, 34.26 and 37.20), two methine 

carbons (δ 39.32 and 40.55) and three methyl groups (δ 17.77, 20.40 and 21.15). 

The 1H-NMR spectrum of 114 (Appendix 13) showed the signal to the methylene protons 

of the isopropenyl group at δ 4.75 (2H, s, H-12). The spectrum also indicated that the 

signals at δ 1.25 (3H, s, Me-14) and 1.76 (3H, s, Me-13) are due to methyl groups attached 

to a quaternary carbon while the third methyl group resonance at δ 1.20 (3H, d, J = 7.56 

Hz, Me-15) is attached to a methine carbon. 1H-1H COSY correlation (Appendix 16) of H- 

15 (δ 1.20) with H-4 (δ 1.90) indicated that Me-15 is attached to C-4. The connectivity 

between C-2 and C-3; C-3 and C-4; C-7 and C-8, and C-8 and C-9 was established by using 

the 1H-1H COSY correlations between the protons attached to these carbon atoms. 
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Table 7: The 1H-NMR data (δppm) of compound 114. 
 

 
114 

(CDCl3, 400 MHz) 

Lit.96 

(CDCl3, 360 MHz) 

2.69 (1H, m, H-2) 

2.38 (1H, m, H-2) 

2.68 (1H, ddd, J = 15.9, 9.9, 6.1 Hz, H-2) 

2.42 (1H, ddd, J = 15.9, 6.6, 5.2 Hz, H-2) 

1.90 (1H, m, H-3) 

1.60 (1H, m, H-3) 

1.69 (1H, dddda, J = 9.4, 9.9, 6.6, 5.9 Hz, H-3) 

2.39 (1H, dddd, J = 9.4, 6.1, 5.2, 6.2 Hz, H-3) 

1.90 (1H, m, H-4) 1.86 (1H, ddq, J = 5.9, 6.2, 7.4 Hz, H-4) 

2.38 (1H, m, H-6) 

1.69 (1H, m, H-6) 

1.89 (1H, dd, J = 13.8, 12.8 Hz, H-6) 

1.44 (1H, ddd, J = 13.8, 3.9, 2.0 Hz, H-6) 

2.38 (1H, m, H-7) 2.32 (1H, dddd, J = 12.8, 3.9, 13.2, 3.9 Hz, H-7) 

1.38 (1H, dd, J = 12.76, 3.92 Hz, H-8) 

1.69 (1H, m, H-8) 

1.38 (1H, dddd, J = 14.3, 13.2, 13.1, 3.8 Hz, H-8) 

1.69 (1H, dddddb, J = 14.3, 3.9, 4.8, 3.0, 2.0 Hz, H-8) 

1.90 (1H, m, H-9) 

1.45 (1H, ddd, J = 13.83, 3.85, 2.09 Hz, H-9) 

1.90 (1H, dddd, J = 13.9, 13.1, 4.8, 1.2 Hz, H-9) 

1.60 (1H, ddd, J = 13.9, 3.8, 3.0 Hz, H-9) 

4.75 (2H, s, H-12) 4.74 (2H, s, H-12) 

1.76 (3H, s, H-13) 1.75 (3H, s, H-13) 

1.25 (3H, s, H-14) 1.24 (3H, s, H-14) 

1.20 (3H, d, J = 7.56 Hz, H-15) 1.20 (3H, d, J = 7.4 Hz, H-15) 

aObtained by iterative simulation of the five-spin system and bobtained by iterative simulation of the seven- 

spin system. 

 

 
 

The HMBC correlation (Appendix 18) between H-8 (δ 1.38 and 1.69) and C-11 (δ 149.57); 

H-13 (δ 1.76) and C-7 (δ 39.32); and between H-12 (δ 4.75) and C-7 (δ 39.32), C-11 (δ 

149.57) and Me-13 (δ 21.15) indicated that the isopropenyl group is attached to C-7 (δ 

39.32). The position of the carbonyl carbon was determined using HMBC correlation of 

H-2 (δ 2.38 and 2.69) and H-14 (δ 1.25) with C-1 (δ 216.17). Furthermore, HMBC 

correlation of H-2 with C-4 (δ 40.55), correlation of H-9 (δ 1.45 and 1.90) with C-5 (δ 

78.64) and C-7 (δ 39.32) and correlation of H-14 (δ 1.25) with C-5 (δ 78.46) and C-10 (δ 

51.26) were used to establish the structure of 114 (Figure 4). It was not possible to 
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determine the configuration at the stereocenters of compound 114 using the above 

spectroscopic data alone. Comparison of the spectroscopic data of 114 with those reported 

in the literature96 for the sesquiterpenic keto-alcohol corymbolone, revealed a very close 

resemblance. Corymbolone (114) was first isolated in 1985 from the rhizomes of Cyperus 

corymbosus Rottboll.96 It was also isolated from Cyperus articulates.97 

Table 8: The 13C-NMR data (δppm) of compound 114. 
 

 

C 
114 

(CDCl3, 100 MHz) 
Lit.96 

(CDCl3, 90.5 MHz) 

1 216.20 214.0 

2 34.26 34.4 

3 30.17 30.3 

4 40.55 40.8 

5 78.65 78.7 

6 28.02 28.2 

7 39.32 39.6 
8 25.47 25.7 

9 37.20 37.5 

10 51.26 51.4 

11 149.59 149.6 

12 108.89 109.0 

13 21.15 21.1 
14 20.40 17.8 

  15  17.77  20.4  
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Figure 7: Selected 2D NMR correlations of compounds 12, 113, 114 and 115. 

 

3.1.4.4. Characterization of Compound 115 
 

 

 

 

Compound 115 was obtained as a white crystalline powder and had the molecular formula 

C15H26O2 (degree of unsaturation = 3), as deduced from its HRESIMS that showed a 
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fragment ion peak at m/z 221.1918 [M – H2O + H]+ (Appendix 27) The IR spectrum of 115 

(Appendix 26) unveiled absorption bands due to OH stretching (3326 cm‒1), an aliphatic 

C‒H stretching (2947 cm‒1) and O‒C stretching and bending bands (1459 and 1383 cm‒1, 

respectively). Compound 115 had a melting point of 159.0 ‒ 161.0 °C. The UV-Vis 

spectrum of 115 in MeOH did not show any absorption band which indicated that there are 

no chromophores in the molecule. 

The 1H-NMR spectrum of 115 (Appendix 20) clearly indicated the existence of four methyl 

groups and one oxygen-bearing methine carbon atom. The 13C-NMR spectrum of 115 

(Appendix 21) showed a total of 15 carbon resonances and together with the DEPT-135 

spectrum (Appendix 22) further confirmed the presence of one oxygenated methine, four 

aliphatic methylene, four methyl, three aliphatic methine, and three quaternary carbon 

atoms. Since there are no unsaturated carbon atoms in the molecule, 115 was inferred to 

possess three rings because of the three degrees of unsaturation implied by the molecular 

formula. 

The 1H-1H COSY (Appendix 23) correlations of H-1 (δ 1.08) with H-2 (δ 0.70) and H-9 (δ 

1.98); H-2 (δ 0.70) with H-3 (δ 0.23 and 0.49); H-5 (δ 3.25) with H-6 (δ 1.65 and 1.89); H- 

6 (δ 1.65 and 1.89) with H-7 (δ 1.81); and H-9 (δ 1.98) with H-10 (δ 1.39 and 1.57) were 

used to assemble two substructures A and B (Figure 7). HMBC correlations (Appendix 25) 

of both H-2 (δ 0.70) and H-3 (δ 0.23 and 0.49) with C-5 (δ 74.40) and correlations of H-3 

(δ 0.23 and 0.49) and H-6 (δ 1.65 and 1.89) to C-4 (δ 19.99), and correlation of H-9 (δ 

1.98) to both C-7 (δ 39.83) and C-8 (δ 73.57) revealed the connectivity between 

substructures A and B (Figure 7). 
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Table 9: The 1H-NMR data (δppm) of compound 115. 
 

 
115 

(CDCl3, 400 MHz) 

Lit.98 

(CDCl3, 400 MHz) 

1.08 (1H, d, J = 10.80 Hz, H-1) 1.30 (1H, t, J = 11.1 Hz, H-1) 

0.70 (1H, ddd, J = 10.80, 8.00, 5.20 Hz, H-2) 0.73 (1H, m, H-2) 

0.23 (1H, t, J = 5.00 Hz, H-3) 

0.49 (1H, dd, J = 4.60, 7.80 Hz, H-3) 

0.44 (1H, t, J = 4.5 Hz, H-3) 

0.52 (1H, dd, J = 4.5, 7.8 Hz, H-3) 

3.25 (1H, dd, J = 5.20, 11.20 Hz, H-5) 3.62 (1H, dd, J = 4.8, 10.6 Hz, H-5) 

1.65 (1H, m, H-6) 

1.89 (1H, m, H-6) 

1.99 (1H, m, H-6) 

2.18 (1H, m, H-6) 

1.81 (2H, m, H-7) 2.18 (2H, m, H-7) 

1.98 (1H, dt, J = 8.00, 2.80 Hz, H-9) 2.32 (1H, m, H-9) 

1.39 (1H, t, J = 10.40 Hz, H-10) 

1.57 (1H, dd, J = 8.00, 10.00 Hz, H-10) 

1.59 (1H, t, J = 10.0 Hz, H-10) 

1.77 (1H, dd, J = 7.8, 10.0 Hz, H-10) 

1.05 (3H, s, H-12) 1.14 (3H, s, H-12) 

1.02 (3H, s, H-13) 1.04 (3H, s, H-13) 

1.14 (3H, s, H-14) 1.35 (3H, s, H-14) 

1.13 (3H, s, H-15) 1.22 (3H, s, H-15) 

 
 
 

In addition, the HMBC correlation of H-1 (δ 1.08) to C-10 (δ 33.98) and C-11 (δ 33.56), 

correlations H-2 (δ 0.70) and H-5 (δ 3.25) to C-15 (δ 17.30), correlation of H-3 (δ 0.23 and 

0.49) to C-1 (δ 48.20) and C-15 (δ 17.30), correlation of H-6 (δ 1.65 and 1.89) to C-8 (δ 

73.57), correlation of H-7 (δ 1.81) to C-5 (δ 74.40) and C-14 (δ 19.90), correlation of H-9 

(δ 1.98) to C-2 (δ 24.16) and C-14 (δ 19.90), correlation of H-10 (δ 1.39 and 1.57) to C-8 

(δ 73.57), C-11 (δ 33.56), C-12 (δ 22.14) and C-13 (δ 30.38) and correlation of H-13 (δ 

1.02) to C-1 (δ 48.20) and C-12 (δ 22.14) were used to establish the structure of compound 

115 as shown in Figure 4. 
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Table 10: The 13C-NMR data (δppm) of compound 115. 
 

 

C 
115 

(CDCl3, 100 MHz) 
Lit.98 

(CDCl3, 100 MHz) 

1 48.20 48.4 

2 24.16 24.4 

3 18.44 19.3 

4 19.99 20.5 

5 74.40 73.5 
6 30.44 32.2 

7 39.83 41.5 

8 73.57 72.4 

9 49.03 50.1 

10 33.98 34.9 

11 33.56 34.0 

12 22.14 22.5 
13 30.38 30.6 

14 19.90 20.3 
  15  17.30  18.2  

 

 
 

In order to confirm the proposed structure of 115, single crystal X-ray analysis was done 

which is reported herein for the first time. Suitable crystals of 115 were obtained from 

DCM-MeOH (1:1) mixture. Figure 8 shows the X-ray crystal structure of 115, which 

confirmed the elucidated structure and gave the absolute configuration of the compound. 

A comparison of the NMR data of 115 with those reported in the literature for 

tricyclohumuladiol (Table 9 and Table 10),98 revealed a very close agreement. Therefore, 

compound 115 was identified as tricyclohumuladiol which was previously isolated from 

Cyperus longus99 and Schisandra plena.98 
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Figure 8: X-ray crystal structure of 115. 

 

 

3.2. Chemical Studies on the Roots of Carissa spinarum 

 

Carissa spinarum is widely used traditionally as incense plant in South Wollo and for the 

treatment of numerous diseases. Although the plant is widely used in traditional medicine 

in Ethiopia and other parts of Africa, there was no prior scientific report on the chemical 

composition and bioactivity of the essential oil and smoke from the roots of this plant. 

Therefore, this study was undertaken to evaluate the antioxidant activity and 

phytochemical constituents of the essential oil and medicinal smoke from the roots of this 

plant. The roots of Carissa spinarum were dried, powdered and extracted by 

hydrodistillation to obtain essential oil and burned using an electrical stove to collect the 

smoke. Both the essential oil and medicinal smoke were analyzed by GC-MS and the 

smoke was tested for its antioxidant activity using the DPPH assay as described below. 
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3.2.1. Extraction and Characterization of Compounds from the Essential Oil and the 

Smoke Derived from the Roots of Carissa spinarum 

 

The dried and powdered roots of Carissa spinarum were extracted by hydrodistillation 

according to the method described in Section 4.3.2.1 and then analyzed by GCMS (Section 

4.3.2.3). The essential oil was found to be predominantly composed of 2- 

hydroxyacetophenone (16, 82.97%) by GC-MS analysis (Figure 9) as well as its UV-Vis, 

FTIR, 1H-, 13C- and DEPT-NMR (Appendix 28 to Appendix 32) spectra. 
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Figure 9: The GC-MS chromatogram of the essential oil from the roots of Carissa 

spinarum. 

 

 
The smoke from burnt roots of Carissa spinarum was collected and analyzed by GC-MS 

as described in Section 4.3.2.2 and Section 4.3.2.3. A total of 31, compounds, 16 from the 

n-hexane fraction and 15 from the MeOH-soluble portion of the smoke obtained from burnt 

roots of Carissa spinarum, with qualities greater than 72% and area percentage greater than 

2, were identified (Figure 10). The different components were characterized by matching 

2-hydroxyacerophenone (16, 82.97%) 
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their mass spectra with those of reference compounds recorded in NIST 2014 mass spectral 

library and confirmed by the retention indices obtained from a series of n-alkanes. Table 

11 shows that phenolic compounds, namely, 2,6-dimethoxyphenol (14.16%), 2- 

methoxyphenol (10.34%) and 2-hydroxyacetophenone (9.51%), are the dominant 

components of the n-hexane fraction of the smoke derived from the roots of Carissa 

spinarum. 
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Figure 10: The GC-MS chromatogram of n-hexane- and methanol-soluble fractions of 

the smoke derived from the roots of Carissa spinarum. 
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Table 11: Major compounds identified from the n-hexane-soluble fraction of the smoke 

derived from the roots of Carissa spinarum by GC-MS analysis. 

 

PK Rt 
Area 

Pct. 
Compound St ructure Q I 

 
1 

 
9.40 

 
10.34 

 
2-Methoxyphenol 

   
95 

 
1232.52 

 

 

 
2 

 

 

 
10.42 

 

 

 
9.51 

 

 

 
2-Hydroxyacetophenone 

  
 

 

 

 

 
95 

 

 

 
1303.73 

        

3 10.88 4.54 Creosol   97 1337.5 

 

 
4 

 

 
12.05 

 

 
3.71 

 

 
4-Ethyl-2-methoxyphenol 

   

 
91 

 

 
1424.05 

 
5 

 
12.81 

 
6.98 

 
2-Methoxy-4-vinylphenol 

   
91 

 
1483.24 

 
6 

 
13.51 

 
14.16 

 
2,6-Dimethoxyphenol 

   
97 

 
1540.37 

7 14.49 7.36 trans-Isoeugenol   98 1623.50 

 

 

 
8 

 

 

 
14.66 

 

 

 
5.18 

 

 

3,5-Dimethoxy-4- 

hydroxytoluene 

  
 

 

 

 

 
97 

 

 

 
1637.68 

9 15.45 2.71 Tetradecanal   99 
 

 

 

1706.98 

10 15.56 4.37 5-tert-Butylpyrogallol   79.9 1717.08 
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Table 11 continued 
 

 

PK Rt 
Area 

Pct. 
Compound 

 
St ructure 

  
Q I 

           

           

11 16.24 6.05 
3′,5′-Dimethoxy 

acetophenone 
     77.7 1779.61 

           

 

 
12 

 

 
16.39 

 

 
2.21 

 

 
Guaiacylacetone 

      

 
80.4 

 

 
1793.11 

 

 

 
13 

 

 

 
16.47 

 

 

 
2.69 

 

 

 
Methoxyeugenol 

      

 

 
93 

 

 

 
1800.90 

 

 

 
14 

 

 

 
17.92 

 

 

 
8.79 

 

 

 
4-Propenylsyringol 

      

 

 
98 

 

 

 
1917.92 

           

15 18.16 2.64 α-Cyperone      99 1935.24 
           

           

           

16 22.55 8.77 Carissone      87.7 2220.94 

 

 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality, I = retention index 

 
 

3.2.2. The DPPH Radical Scavenging Assay of the Methanol-Soluble Fraction of the 

Smoke Derived from the Roots of Carissa spinarum 

 

The radical scavenging activity of the MeOH-soluble fraction of the smoke derived from 

the roots of Carissa spinarum was assessed following the procedure described in Section 

4.3.1.4. The MeOH-soluble fraction showed a 92.60% DPPH inhibition at concentration 

of 100.00 μg/mL which is comparable to that of ascorbic acid standard that exhibited a 
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96.09% DPPH inhibition at the same concentration (Table 12). The phenolic compounds 

in the smoke may be responsible for the observed antioxidant activity. 

 

Table 12: Radical scavenging activities of the MeOH-soluble fraction of the smoke 

derived from Carissa spinarum and ascorbic acid standards. 

 

% DPPH Inhibition 

Concentration (μg/mL) MeOH fraction of the smoke 

from Carissa spinarum 

 

 Ascorbic acid standard 

100.00 92.60 ± 0.34 96.09 ± 0.16 

50.00 88.48 ± 0.31 96.29 ± 0.06 

25.00 66.06 ± 0.71 96.26 ± 0.06 

12.50 47.62 ± 0.11 96.06 ± 0.12 

6.25 37.32 ± 0.81 91.30 ± 0.31 

3.13 30.97 ± 0.95 54.06 ± 1.27 

1.56 26.09 ± 0.15 35.00 ± 0.52 

The results are reported as mean ± SD of three replicates. 

 

 

3.3. Phytochemical Studies on Extracts of the Seeds of Melilotus officinalis 

 

The dried and ground seeds of M. officinalis were Soxhlet-extracted and then subjected to 

GC-MS analysis. Phytochemical studies were also conducted on the MeOH extract of the 

seeds as outlined in the following sections. 

 

3.3.1. Extraction and Characterization of the Seed Fatty Acids of Melilotus officinalis 

 

The dried and ground seeds of M. officinalis were subjected to Soxhlet extraction with n- 

hexane and the crude oil was esterified using 2% KOH in MeOH. The fatty acid methyl 

esters were then subjected to GC-MS analysis. Quantifications of components in the n- 

hexane extract were made by using their relative area percentages. Methyl palmitate 
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external standards were also used to determine the concentrations (ppm) of the 

components. Thus, standard solutions of methyl palmitate were prepared and analyzed by 

GC-MS in triplicates at different concentrations (Table 13). The calibration curve shown 

in Figure 11 was constructed using the mean area of each concentration and then used to 

calculate the concentrations of the different components. 

 

Table 13: Methyl palmitate standard solutions and their corresponding areas. 
 

 
Concentration (ppm) Rt (min) Area Average area 

1 14.946 37468273.30  

1 14.946 37468273.33 36486414.85 

1 14.946 34522697.93  

10 14.960 199432023.00  

10 14.946 205708666.30 201524237.50 

10 14.946 199432023.20  

25 14.960 364137351.00  

25 14.960 364137351.00 367682432.90 

25 14.959 374772596.80  

50 14.986 644456871.10  

50 14.973 603905108.30 632297810.80 

50 14.987 648531452.90  

100 15.013 1137443228.00  

100 15.000 1170868871.00 
1157940017.00 

100 15.014 1165507951.00  

Rt = retention time (min), ppm = parts per million 
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Figure 11: Calibration curve of methyl palmitate standard. 
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Figure 12: The GC-MS chromatogram of the esterified n-hexane extract of the seeds of 

 

M. officinalis. 

 

 
GC-MS analysis revealed the presence of 12 compounds with a combined area percentage 

of 98.33% (Figure 12) including coumarin (8.40%), 10 fatty acids (87.74%), and 5- 

dodecyldihydrofuran-2(3H)-one (2.19%) with qualities greater than 90% and area 
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percentage greater than one. The NIST 2014 mass spectral library search was used for the 

identification of individual components in the extract. The names of identified compounds 

with their respective retention times, area percentages, qualities and concentrations are 

given in Table 14. 

 

Table 14: Major compounds identified from the n-hexane extract of the seeds of M. 

officinalis by GC-MS analysis 

 

Pk Rt 
Area 

Pct. 
Compound Structure 

    
Q 

C 

(ppm) 

 
1 

 
15.24 

 
8.40 

 
Coumarin 

      
95 

 
152.19 

 

 

 
2 

 

 

 
18.96 

 

 

 
19.52 

 

 

14-Methyl 

pentadecanoic acid 

  

 

 

 

 
 

 
 

 

    

 

 
95 

 

 

 
353.45 

3 21.12 3.41 Palmitic acid      99 61.83 

 

 
4 

 

 
21.99 

 

 
15.94 

 
(9E)-Octadecenoic 

acid 

      

 
99 

 

 
288.66 

 

 
5 

 

 
22.09 

 

 
20.22 

 

(9Z,12Z)- 

Octadecadienoic 

acid 

  

 

 

 
 

 
 

 

  
 

 

  

 
99 

 

 
366.08 

6 22.24 8.24 Stearic acid      99 149.26 

7 22.38 1.95 Linolenic acid              99 35.36 

 

 



53 
 

Table 14 continued 
 

 

Pk Rt 
Area 

Pct. 
Compound Structure 

   
Q 

C 

(ppm) 

 
8 

 
24.67 

 
4.39 

 
Oleic acid 

     
99 

 
79.49 

 
 
 

9 

 
 
 

24.80 

 
 
 

10.50 

 
 
 

Linoleic acid 

 
 

 
      

    
 
 

99 

 
 
 

190.16 

 

 

10 

 

 

25.05 

 

 

2.19 

 
 

5-Dodecyldihydro 

furan-2(3H)-one 

 

 

 

 

 
 

 

  

 
 

 

  

 

94 

 

 

39.61 

11 25.21 1.85 Eicosanoic acid     99 33.44 

 

12 

 

26.17 

 

1.72 

 
18-Methyl 

nonadecanoic acid 

     

99 

 

31.20 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality, C = concentration, 

ppm = parts per million 

 
 

It is apparent from Table 14 that the n-hexane extract of the seeds of M. officinalis is mainly 

composed of unsaturated and polyunsaturated fatty acids. In addition, the extract was found 

to be rich in (9Z,12Z)-octadecadienoic acid (20.22%), 14-methylpentadecanoic acid 

(19.52%) and (9E)-octadecenoic acid (15.94%). The presence of unsaturated fatty acids in 

the seeds M. officinalis and M. alba was previously reported using gas chromatography 

and flame ionization analysis.67m 

The esterified n-hexane extract was partitioned between n-hexane and MeOH to determine 

if the amount of the hepatotoxic coumarin100 can be reduced. GC-MS analysis of the n- 

hexane portion showed a decrease in the amount of coumarin to 1.10% (33.43 ppm) (Figure 
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13). The above result indicates, the oil from the seeds of M. officinalis may not be suitable 

for cooking purposes but can be used for other applications such as preparation of soap. 

Further fractionations can be applied to remove all the coumarin and use the oil for cooking. 
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Figure 13: The GC-MS chromatogram of the esterified n-hexane extract of the seeds of 

 

M. officinalis after partitioning with methanol. 

 

 

 
3.3.2. DPPH Assay of the Methanol Extract of the Seeds of Melilotus officinalis 

 

The marc left after extraction (Section 3.3.1) of the seeds of M. officinalis with n-hexane 

was further extracted with MeOH in a Soxhlet apparatus to give a brown crude extract 

(Section 4.3.3.1). Radical scavenging activity of the MeOH extract was quantified 

following the procedure described in Section 4.3.1.4. The extract showed a 29.87% DPPH 

inhibition at concentration of 100.00 μg/mL (Table 15). 
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Rt = 15.25 min 

A
b
u
n
d
a
n
c
e
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Table 15: Radical  scavenging activities of the methanol extract of the seeds of M. 

officinalis and ascorbic acid standards. 

 

% DPPH Inhibition 
Concentration (μg/mL)    

 

 
 

 

 

 
 

 

 
 

The results are reported as mean ± SD of three replicates. 

 

 
 

3.3.3. Fractionation of the Methanol Extract of the Seeds of Melilotus officinalis 

 

Attempts were also made to isolate and characterize compounds from the MeOH extract 

of the seeds of M. officinalis as described in Section 4.3.3.5. Thus, two compounds, cis- 

coumaric acid-2-O-β-glucopyranoside (cis-melilotoside, 116) and 1,2-benzopyrone 

(coumarin, 65) (Figure 14), were isolated by using Sephadex LH-20 column 

chromatography and preparative TLC techniques. The structures of the isolated 

compounds were determined by spectroscopic techniques, UV-Vis, FTIR, and NMR, as 

described below. 

 

 

 
 

 

 

 

 

 

 
 

Figure 14: Compounds isolated from the MeOH extract of the seeds of M. officinalis 

 MeOH extract of M. officinalis Ascorbic acid standard 

100.00 29.87 ± 0.49 96.09 ± 0.16 

50.00 26.35 ± 0.54 96.29 ± 0.06 

25.00 24.82 ± 0.23 96.26 ± 0.06 

12.50 24.16 ± 0.16 96.06 ± 0.12 

6.25 22.12 ± 0.91 91.30 ± 0.31 

3.13 21.62 ± 0.13 54.06 ± 1.27 

1.56 21.53 ± 0.12 35.00 ± 0.52 
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3.3.4. Characterization of Compounds Isolated from the Seeds of Melilotus officinalis 

 

3.3.4.1. Characterization of Compound 116 
 

 

 

 

 

 

Compound 116 was obtained as white crystals and had a melting point of 126.0 ‒ 127.0 
 

°C. The UV-Vis spectrum of 116 in MeOH displayed an absorption maximum (λmax) at 

261 nm which is characteristic of a phenolic moiety (Appendix 40). The IR spectrum 

(Appendix 39) indicated the presence of a carbonyl (1691 cm‒1), aromatic (1636, 1240 cm‒ 

1) and hydroxy (3391 cm‒1) functionalities. 

The 1H-NMR spectrum of 116 (Table 16 and Appendix 33) showed two olefinic proton 

signals at δ 7.09 (1H, d, J = 12.00 Hz, H-7) and 6.05 (1H, d, J = 12.00 Hz, H-8), which 

indicated the presence a cis double bond.101 Besides, the coupling patterns of the aromatic 

proton signals at δ 7.12 (1H, d, J = 8.00 Hz, H-3), 7.30 (1H, d, J = 8.00 Hz, H-4), 7.03 (1H, 

t, J = 8.00 Hz, H-5) and 7.34 (1H, d, J = 8.00 Hz, H-6) suggested the presence of an ortho- 

disubstituted benzene ring. Additionally, the 13C-NMR spectrum (Table 17 and Appendix 

34), indicated the presence of a carbonyl carbon (δ 171.74), six aromatic and two olefinic 

carbon atoms. The signal at δ 153.81 is due to an oxygenated aromatic carbon atom. The 

HMBC spectrum of 116 (Appendix 38) revealed a correlation between the signal at δ 
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125.53 (C-1) and the proton signals at δ 7.09 (H-7) and δ 6.05 (H-8). Thus, the olefinic 

carbon C-7 (δ 137.14) is attached to C-1. 

 

Table 16: The 1H-NMR data (δppm) of compound 116. 
 

 
116 

(D2O, 400 MHz) 

Lit.102 

(MeOD-d4, 500 MHz) 

7.12 (1H, d, J = 8.00 Hz, H-3) 7.19 (1H, d, J = 7.9 Hz, H-3) 

7.30 (1H, d, J = 8.00 Hz, H-4) 7.30 (1H, t, J = 7.9 Hz, H-4) 

7.03 (1H, t, J = 8.00 Hz, H-5) 6.97 (1H, t, J = 7.9 Hz, H-5) 

7.34 (1H, d, J = 8.00 Hz, H-6) 7.53 (1H, d, J = 7.9 Hz, H-6) 

7.09 (1H, d, J = 12.00 Hz, H-7) 7.31 (1H, d, J = 12.5 Hz, H-7) 

6.05 (1H, d, J = 12.00 Hz, H-8) 5.97 (1H, d, J = 12.5 Hz, H-8) 

5.05 (1H, d, J = 7.20 Hz, H-1′) 4.94 (1H, d, J = 7.4 Hz, H-1′) 

3.53 (1H, m, H-2′) 3.49 (1H, m, H-2′) 

3.53 (1H, m, H-3′) 3.46 (1H, m, H-3′) 

3.42 (1H, m, H-4′) 3.40 (1H, m, H-4′) 

3.53 (1H, m, H-5′) 3.43 (1H, m, H-5′) 

3.84 (1H, dd, J = 12.40, 2.30 Hz, H-6′) 

3.67 (1H, dd, J = 12.40, 5.40 Hz, H-6′) 

3.87 (1H, m, H-6′) 

3.70 (1H, m, H-6′) 

 

 

The presence of a glucopyranosyl ring in the structure 116 was indicated by the analysis of 

its 1H- and 13C-NMR spectra. The glucose moiety, which can be assigned a β-configuration 

on the basis of the coupling constant of the anomeric proton signal at δ 5.05 (1H, d, J = 

7.20 Hz),103 is attached to the C-2 (δ 153.81) position. Based on the analysis of the 

spectroscopic data, compound 116 was identified to be cis-coumaric acid-2-O-β- 

glucopyranoside (cis-melilotoside, Figure 14). Comparison of the spectroscopic data of 

116 with those reported in the literature for cis-melilotoside showed that the two 

compounds are identical.101-102 



58 
 

Table 17: The 13C-NMR data (δppm) of compound 116. 
 

 

C 
116 

(D2O, 100 MHz) 
Lit.102 

(MeOD-d4, 125 MHz) 

1 125.53 126.9 

2 153.81 156.7 

3 115.36 116.6 

4 130.56 131.5 

5 122.85 122.9 
6 130.09 131.7 

7 137.14 139.7 

8 122.02 121.4 

9 171.74 170.4 

1′ 100.41 102.7 

2′ 72.93 75.0 

3′ 76.12 78.2 
4′ 69.44 71.4 

5′ 75.71 78.3 
  6′  60.58  62.6  

 

 

This is the first report on the isolation of cis-melilotoside from M. officinalis. cis- 

melilotoside has been reported from several plants such as M. neapolitana, Ajuga 

chamaecistus ssp. tomentella and Mikania laevigata.101,104 

3.3.4.2. Characterization of Compound 65 
 

 

 

 

 

 

Compound 65 was isolated as a white powder and had a melting point of 70.0 ‒ 71.0 °C. 

The UV-Vis spectrum (Appendix 45) of 65 in MeOH revealed an absorption maximum 

(λmax) at 274 nm and the IR spectrum (Appendix 44) showed absorption band at 1729 due 

to the α,β-unsaturated carbonyl group of the δ-lactone moiety while the bands at 1288 and 

1274 cm‒1 are due to C-O stretching absorption. 
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The 13C-NMR spectrum of 65 (Table 19 and Appendix 42) revealed 9 carbon resonances. 

The signal at δ 160.75 is due to the carbonyl carbon of a δ-lactone. Besides, the two olefinic 

carbon signals at δ 116.94 and 143.38, and the six aromatic carbon signals at δ 116.76, 

118.86, 124.41, 127.84, 131.83 and 154.11 indicated the presence of an aromatic ring and 

a double bond. In the 1H-NMR spectrum of 65 (Table 18 and Appendix 41), the two olefinic 

proton doublets at δ 6.46 (J = 9.60 Hz) and 7.74 (J = 9.60 Hz) are attributable to H-3 and 

H-4 of the lactone nucleus, respectively. The signals at δ 7.34 (2H, m, H-5 and H-7) and 

7.54 (2H, m, H-6 and H-8) revealed the presence of an ortho-disubstituted benzene ring. 

 

Compound 65 was then identified as 1,2-benzopyrone (coumarin, Figure 14) by 

comparison of its spectral data with data reported in the literature.105 Coumarin has 

previously been isolated from the MeOH extract of the aerial parts of M. officinalis.52b 

Coumarin was also found in many plants of the genus Melilotus. 

 

Table 18: The 1H-NMR data (δppm) of compound 65. 
 

 
65 

(CDCl3, 400 MHz) 

Lit.105 

(DMSO-d6, 300 MHz) 

6.46 (1H, d, J = 9.60 Hz, H-3) 6.47 (1H, d, J = 9.6 Hz, H-3) 

7.74 (1H, d, J = 9.60 Hz, H-4) 8.03 (1H, d, J = 9.9 Hz, H-4) 

7.34 (1H, m, H-5) 7.29 (1H, m, H-5) 

7.54 (1H, m, H-6) 7.58 (1H, m, H-6) 

7.34 (1H, m, H-7) 7.29 (1H, m, H-7) 

7.54 (1H, m, H-8) 7.58 (1H, m, H-8) 
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Table 19: The 13C-NMR data (δppm) of compound 65. 
 

 

C 
65 

(CDCl3, 100 MHz) 
Lit.105 

(DMSO-d6, 75 MHz) 

2 160.75 159.84 

3 116.94 116.18 

4 143.38 144.10 

5 127.84 128.35 

6 124.41 124.38 
7 131.83 131.84 

8 116.76 116.11 

9 154.11 153.43 
  10  118.86  118.6  

 

 

cis-Melilotoside (116) is a biosynthetic precursor of coumarin (65) (Figure 15) as shown 

by 14C feeding experiments.106 In the biosynthesis of coumarin (65), the trans isomer of β- 

glucoside-O-coumaric acid (117) undergoes isomerization to its cis isomer (cis- 

melilotoside, 116), which could then hydrolyze to coumarinic acid (118) which in turn 

lactonizes spontaneously to form coumarin (65). 

 

 

 

Figure 15: Proposed biosynthetic pathway of coumarin (65).106 

 

 
3.4. Phytochemical Investigation on the Fresh Leaves of Rhus glutinosa 

 

The fresh leaves of R. glutinosa were extracted and subjected to phytochemical studies for 

the first time to yield a total of twelve compounds, namely, pentacosanol (119), 5,7- 

dihydroxy-4′-methoxyflavone (acacetin, 120), 3,5,7,4′-tetrahydroxyflavone (kaempferol, 
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38), 6,8′′-binaringenin (rhusflavanone, 121), 6,8′′-naringeninyl apigenin (rhusflavone, 

 

122),       quercetin       3-O-α-arabinofuranoside       (avicularin,       123),       3,5,7,3′,4′- 

 

pentahydroxyflavone (quercetin, 1), 3,5,7,3′,4′,5′-hexahydroxyflavone (myricetin, 2), 

quercetin-3-O-α-rhamnopyranoside (quercitrin, 124), shikimic acid (125), quercetin 3-O- 

β-galactoside (hyperoside, 126), and myricetin-3-O-β-galactopyranoside (127) (Figure 

16). Acacetin (120), avicularin (123), and myricetin-3-O-β-galactopyranoside (127) are 

reported herein for the first time from the genus Rhus. The EtOAc-soluble fraction of the 

DCM:MeOH (1:1) extract of the leaves of R. glutinosa was also tested for its antioxidant 

activity using the DPPH assay. The extraction and characterization of compounds isolated 

from the leaves of R. glutinosa is discussed in the following sections. 

 

3.4.1. DPPH Radical Scavenging Assay of the Ethyl Acetate Fraction of Rhus 

glutinosa 

 

The grounded fresh leaves of R. glutinosa were extracted as described in Section 4.3.4.1. 

The radical scavenging activity of the EtOAc-soluble fraction of the DCM:MeOH (1:1) 

extract of the leaves of R. glutinosa was determined following the procedure described in 

Section 4.3.1.4. The EtOAc-soluble fraction was able to reduce the stable DPPH radical 

by 94.89% at 50.00 µg/mL to the yellow-colored diphenylpicrylhydrazicine indicating its 

potential as a radical scavenger. At the same concentration standard ascorbic acid 

scavenged the DPPH radical by 96.29% (Table 20). The presence of flavonoids (Section 

3.4.3) could be responsible for the observed high antioxidant activity of the leaves of R. 

glutinosa. This result supports the traditional medicinal use of Rhus plants for treatment of 

inflammation70b because of their antioxidant activities. 
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Table 20: Radical scavenging activities of the EtOAc-soluble portion of the DCM:MeOH 

extract of the leaves of R. glutinosa and ascorbic acid standards. 

 
 % DPPH Inhibition 

Concentration 

(μg/mL) 

    
EtOAc-soluble portion of the extract of R. 

glutinosa 

 
Ascorbic acid standard 

50.00 94.89 ± 0.10 96.29 ± 0.06 

25.00 94.84 ± 0.17 96.26 ± 0.06 

12.50 68.41 ± 0.89 96.06 ± 0.12 

6.25 46.74 ± 1.08 91.30 ± 0.31 

3.13 32.40 ± 0.72 54.06 ± 1.27 

1.56 27.28 ± 0.46 35.00 ± 0.52 

The results are reported as mean ± SD of three replicates. 

 

 

3.4.2. Fractionation of the Crude Ethyl Acetate-Soluble Fraction of the DCM:MeOH 

Extract of the Leaves of Rhus glutinosa 

 

Fractionation of the EtOAc-soluble portion of the DCM:MeOH (1:1) extract of the fresh 

leaves of R. glutinosa (see Section 4.3.4.2) resulted in the isolation of twelve compounds 

(Figure 16). The structural determination of the isolated compounds was based on spectral 

analysis and by comparison of these with data reported in the literature. The structural 

elucidation of these compounds is discussed in the following section. 
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Figure 16: Compounds isolated from the leaves of R. glutinosa. 

 

 

3.4.3. Characterization of Compounds Isolated from the Leaves of Rhus glutinosa 

 

3.4.3.1. Characterization of Compound 119 
 

 

 

 

Compound 119 was isolated as a white amorphous powder and its positive ion HRESIMS 

(Appendix 50) gave a molecular ion peak [M+Na]+ at m/z 391.3916 which is compatible 
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with the molecular formula C25H52O. The UV-Vis spectrum of 119 in MeOH did not show 

any absorption band which indicated that there are no chromophores and that it might be a 

saturated hydrocarbon. In the IR spectrum of 119 (Appendix 49), the absorption band at 

3370 cm‒1 indicated the O‒H stretching. The aliphatic C‒H stretching bands appeared at 

2917 and 2849 cm‒1 and the C‒O stretching band was observed at 1221 cm‒1. 

The 1H- (Appendix 46) and 13C-NMR (Appendix 47) spectra of 119 showed one 

oxygenated methylene signal [at δH 3.66 (t, J = 6.60 Hz) and at δC 63.12], one terminal 

methyl signal [at δH 0.90 (t, J = 6.80 Hz) and at δC 14.12] and alkyl methylene signals [at 

δH 1.59 (q, J = 6.80 Hz, 2H), 1.27 (m, 44H) and at δC 32.82, 31.94, 29.71, 29.63, 29.45, 

29.38, 25.75, 22.70]. These spectral data indicated that compound 119 is a straight chain 

primary alcohol and the structure 119 (pentacosanol, Figure 16) was assigned based on the 

available spectroscopic data. Pentacosanol (119) was previously reported from various 

plants including Cayratia trifolia L., Stellaria media and Crataegus monogyna Jacq.107 

3.4.3.2. Characterization of Compound 120 
 

 

 

 

Compound 120 was obtained as a light-yellow powder (m. p. 259.0 ‒ 260.0 °C). Its 

HRESIMS spectrum (Appendix 56) showed a mass fragment peak [M - CH3 + H]+ at m/z 

271.0606. The molecular formula of C16H12O5 was deduced based on the analysis of the 

HRESIMS and NMR spectral data (Table 21 and Table 22) of 120. The UV-Vis spectrum 
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of 120 (Appendix 55) showed absorption maxima at 270 and 328 nm while the IR spectrum 

(Appendix 54) revealed absorption bands at 3411 (hydroxy), 1651 (carbonyl), and 1510 

(phenyl) cm‒1 which suggested the presence of a flavone.108 

Table 21: The 1H-NMR data (δppm) of compound 120. 
 

 
120 

(Acetone-d6, 400 MHz) 

Lit.109 

(CDCl3 with drops of MeOD, 500 MHz) 

6.70 (1H, s, H-3) 6.43 (1H, s, H-3) 

13.00 (1H, s, 5-OH) ‒ 

6.28 (1H, d, J = 2.00 Hz, H-6) 6.15 (1H, d, J = 2.0 Hz, H-6) 

6.58 (1H, d, J = 2.00 Hz, H-8) 6.32 (1H, d, J = 2.0 Hz, H-8) 

8.05 (2H, d, J = 9.20 Hz, H-2′/H-6′) 7.72 (2H, d, J = 9.0 Hz, H-2′/H-6′) 

7.15 (2H, d, J = 9.20 Hz, H-3′/H-5′) 6.89 (2H, d, J = 9.0 Hz, H-3′/H-5′) 

3.93 (3H, s, 4′-OCH3) 3.76 (3H, s, 4′-OCH3) 

 

 
 

Table 22: The 13C-NMR data (δppm) of compound 120. 
 
 

C 
120 

(Acetone-d6, 100 MHz) 
Lit.109 

(CDCl3 with drops of MeOD, 125 MHz) 

2 164.19 164.0 

3 103.67 103.6 

4 182.20 182.3 
5 162.48 161.4 

6 98.90 99.13 

7 163.90 163.9 

8 93.90 94.1 

9 157.94 157.8 

10 104.45 104.4 
1′ 123.48 123.3 

2′ 128.18 127.9 

3′ 114.51 114.3 

4′ 162.84 162.5 
OCH3‒4′ 55.09 55.3 

5′ 114.51 114.3 
6′ 128.18 127.9 
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The 13C- and DEPT-135 NMR spectra (Appendix 52 and Appendix 53) of 120 showed the 

presence of 16 carbon signals, which correspond to eight quaternary of which five are 

oxygenated and one is a conjugated carbonyl, seven methine and one methoxy group. In 

the 1H-NMR spectrum (Table 21), the two aromatic meta-coupled doublets at δ 6.28 (1H, 

d, J = 2.00 Hz,) and 6.58 (1H, d, J = 2.00 Hz,) are assigned to H-6 and H-8 of ring A. The 

down-field signal at δ 13.00 (1H, s) indicated the presence of an intramolecular hydrogen 

bonded OH group at C-5. The doublets at δ 8.05 (2H, J = 9.20 Hz) and 7.15 (2H, J = 9.20 

Hz), which appeared as a set of AA′XX′ spin system,110 are assigned to H-2′/H-6′ and H- 

3′/H-5′, respectively, of the 4′-substituted B-ring. The remaining two singlets at δ 6.70 (1H) 

and 3.93 (3H) are assigned to the methine proton at C-3 and the methoxy group at C-4′. 

Comparison of the UV-Vis spectrum of compound 120 (Appendix 55) with those reported 

in the literature for the C-4′-methoxyflavone (acacetin)111 and the C-5-methoxyflavone 

(genkwanin)112 were used to establish the position of the methoxy group at C-4′. The 

structure of compound 120 is therefore determined to be 5,7-dihydroxy-4′-methoxyflavone 

(acacetin, Figure 16) which is reported herein for the first time from a Rhus species. 

Comparison of the spectroscopic data of 120 with those reported for acacetin in the 

literature revealed a close agreement.109 

Acacetin (120) was previously reported from various plant species, including Carthamus 

tinctorius, Tanacetum sinaicum, Chrozophora tinctoria, Wissadula periplocifolia, 

Agastache mexicana and Turnera diffusa.113 Acacetin possesses diverse biological 

activities, including neuroprotective, cardioprotective, anti-ageing, anticancer, 

antimicrobial, anti-viral, anti-inflammatory, anti-oxidant, antimalarial and antidiabetic 

activities.113 It also exhibited inhibitory effect towards enzymes, including monoamine 
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oxidase B, human topoisomerase-I, glutathione reductase, cyclo-oxygenase (COX) I/II, 

acetylcholinesterase, aromatase, aldose reductase and xanthine oxidase.113 

3.4.3.3. Characterization of Compound 38 
 

 

 

 

 

 

Compound 38 was obtained as yellow amorphous powder. Its HRESIMS spectrum 

(Appendix 62) showed a molecular ion peak [M+H]+ at m/z 287.0557 corresponding to the 

molecular formula C15H10O6. The UV-Vis spectrum of 38 (Appendix 61) showed λmax at 

266 and 366 nm, which together with the 1H- (Appendix 57) and 13C-NMR (Appendix 58) 

spectra suggested the presence of a flavonol structure with hydroxy substituents at C-4′ and 

C-5 positions.108 The IR spectrum (Appendix 60) showed absorption bands corresponding 

to hydroxy (3326 cm−1), double bond (1607 cm−1) and carbonyl (1658 cm−1) groups. 

A total of fifteen carbon signals were observed in the 13C-NMR spectrum of 38 (Appendix 

58) which were assigned with the help of the DEPT-135 NMR spectrum (Appendix 59) to 

six aromatic methines, six aromatic and two olefinic quaternary carbons, and a carbonyl 

carbon. The 1H-NMR spectrum of 38 (Table 23 and Appendix 57) showed signals 

corresponding to meta-coupled aromatic protons at δ 6.29 (1H, d, J = 1.60 Hz,) and 6.56 

(1H, d, J = 1.60 Hz,) which are attributed to H-6 and H-8 of ring A, respectively. The 

spectrum also showed two-proton doublets at δ 8.18 (J = 8.80 Hz,) and 7.04 (J = 8.80 Hz) 

that appeared as a set of AA′XX′ spin system110 corresponding to the four aromatic protons, 
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H-2′/H-6′ and H-3′/H-5′ in ring B, characteristic of a 4′-substituted flavone. Compound 38 

(Figure 16) was identified as 3,5,7,4′-tetrahydroxyflavone based on the above 

spectroscopic data. Comparison of the NMR data of 38 with those reported in the 

literature114 for kaempferol revealed a very close agreement (Table 23 and Table 24). 

Kaempferol is a well-known flavonol which was isolated from various plants114 including 

the EtOAc extract of a Rhus species, R. wallichi.115 

Table 23: The 1H-NMR data (δppm) of compound 38. 
 

 
38 

(Acetone-d6, 400 MHz) 

Lit.114 

(Acetone-d6, 400 MHz) 

12.21 (1H, s, 5-OH) ‒ 

6.29 (1H, d, J = 1.60 Hz, H-6) 6.27 (1H, d, J = 2.0 Hz, H-6) 

6.56 (1H, d, J = 1.60 Hz, H-8) 6.54 (1H, d, J = 2.0 Hz, H-8) 

8.18 (2H, d, J = 8.80 Hz, H-2′/H-6′) 8.16 (2H, d, J = 8.8 Hz, H-2′/H-6′) 

7.04 (2H, d, J = 8.80 Hz, H-3′/H-5′) 7.03 (2H, d, J = 8.8 Hz, H-3′/H-5′) 

 

 
 

 

Table 24: The 13C-NMR data (δppm) of compound 38. 
 

 

C 
38 

(Acetone-d6, 100 MHz) 
Lit.114 

(Acetone-d6, 100 MHz) 

2 146.13 146.9 

3 135.76 136.5 

4 175.73 176.5 

5 156.91 157.7 

6 98.27 98.9 

7 164.10 165.0 
8 93.61 94.3 

9 159.28 160.1 

10 103.27 103.9 

1′ 122.45 123.1 

2′ 129.58 130.3 

3′ 115.45 116.1 
4′ 161.45 161.9 

5′ 115.45 116.1 
  6′  129.58  130.3  
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3.4.3.4. Characterization of Compound 121 
 

 

 

 

 

Compound 121 was isolated as a yellow amorphous powder with m. p. 203.5 ‒ 205.3 °C. 

The positive ion HRESIMS of 121 (Appendix 68) gave a protonated molecular ion peak 

[M+H]+ at m/z 543.1287 which is compatible with the molecular formula C30H22O10. The 

UV absorption maxima at 224 and 296 nm, in the UV-Vis spectrum of 121 (Appendix 67) 

indicated the presence of a flavanone skeleton,108 while the infrared spectrum (Appendix 

66) confirmed the presence of hydroxy (3430 cm‒1), aromatic (1401 cm‒1) and carbonyl 

(1635 cm‒1) functionalities. 

The 13C-NMR spectrum of 121 (Appendix 64) showed a total of 26 carbon resonances. The 

DEPT-135 NMR spectrum (Appendix 65) revealed that six of the signals are due to 

oxygenated quaternary aromatic carbon atoms and fourteen correspond to aromatic 

methine carbon atoms with four sets of equivalent carbons. The remaining carbon signals 

can be attributed to two carbonyl carbons, two aliphatic methylene and two oxygenated 

methine carbon atoms. 

The 1H-NMR spectrum of 121 (Table 25 and Appendix 63) indicated the presence of ten 

aromatic and six chromanone ring protons. This in combination with the 13C-NMR and 
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HRESIMS data suggested that 121 is composed of two flavanone units joined by a C‒C 

linkage. The absence of meta-coupled protons in the 1H-NMR spectrum suggested 

interflavanonyl linkage between rings A and A′.116 The 1H-NMR spectrum also exhibited 

two sets of AA′XX′ spin system110 at δ 7.35 (H-2′/H-6′) and 6.83 (H-3′/H-5′) in ring B and 

7.20 (H-2′′′/H-6′′′) and 6.74 (H-3′′′/H-5′′′) in ring B′, respectively. Furthermore, the 1H- 

NMR spectrum showed two aromatic proton singlets at δ 6.03 and 6.05 attributed to H-8 

and H-6′′, respectively. The above spectral evidence suggests the structure of 121 is 

unsymmetrical and composed of two naringenin units joined by an interflavanonyl linkage 

between C6 and C8′′. Therefore, 121 is assigned the structure of 6-8′′-binaringenin 

(rhusflavanone, Figure 16). Comparison of the above spectral data and specific rotation of 

121 with those reported in the literature74h,74i for rhusflavanone revealed a very close 

resemblance. Rhusflavanone (121) was first isolated from the ethanol extract of the seed 

kernels of R. succedanea.74a,116 

Table 25: The 1H-NMR data (δppm) of compound 121. 
 
 

121 

(MeOD-d4, 400 MHz) 

Lit.74h,74i 

(MeOD-d4, 400 MHz) 

5.37 (1H, m, H-2) 5.31 (1H, dd, J = 12.7, 2.8 Hz, H-2) 

3.11 (1H, m, H-3) 

2.73 (1H, m, H-3) 

3.04 (1H, m, H-3) 

2.68 (1H, m, H-3) 

6.03 (1H, s, H-8) 6.14 (1H, s, H-8) 

7.35 (2H, d, J = 8.40 Hz, H-2′/H-6′) 7.57 (2H, br. d, J = 8.8 Hz, H-2′/H-6′) 

6.83 (2H, d, J = 8.40 Hz, H-3′/H-5′) 6.79 (2H, br. d, J = 8.8 Hz, H-3′/H-5′) 

5.37 (1H, m, H-2′′) 5.37 (1H, dd, J = 12.7, 2.8 Hz, H-2′′) 

3.11 (1H, m, H-3′′) 

2.73 (1H, m, H-3′′) 

3.04 (1H, m, H-3′′) 

2.68 (1H, m, H-3′′) 

6.05 (1H, s, H-6′′) 6.28 (1H, s, H-6′′) 

7.20 (2H, d, J = 8.40 Hz, H-2′′′/H-6′′′) 7.01 (2H, br. d, J = 8.8 Hz, H-2′′′/H-6′′′) 

6.74 (2H, d, J = 8.40 Hz, H-3′′′/H-5′′′) 6.58 (2H, br. d, J = 8.8 Hz, H-3′′′/H-5′′′) 
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Table 26: The 13C-NMR data (δppm) of compound 121. 
 

 

C 
121 

(MeOD-d4, 100 MHz) 
Lit.74h,74i 

(MeOD-d4, 100 MHz) 

2 79.15 80.00 

3 42.77 44.12 

4 196.88 198.20 

5 157.14 156.92 

6 99.91 100.79 
7 165.54 166.70 

8 94.41 96.83 

9 165.51 165.12 

10 101.89 103.79 

1′ 130.07 130.93 

2′ 127.68 129.28 

3′ 114.92 116.88 
4′ 161.41 162.24 

5′ 114.92 116.88 

6′ 127.68 129.28 

2′′ 78.48 79.87 

3′′ 42.49 43.87 

4′′ 196.51 197.91 

5′′ 161.89 162.60 
6′′ 95.38 99.73 

7′′ 163.39 163.94 

8′′ 101.09 100.90 

9′′ 162.69 162.64 

10′′ 102.24 105.43 

1′′′ 129.86 130.93 
2′′′ 127.14 128.52 

3′′′ 114.77 116.16 

4′′′ 157.59 158.57 

5′′′ 114.77 116.16 
  6′′′  127.14  128.52  
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3.4.3.5. Characterization of Compound 122 
 
 

 

 

Compound 122 was obtained as a light-yellow powder with m. p. 238.9 ‒ 240.1 °C. The 

positive ion HRESIMS of 122 (Appendix 77) showed a molecular ion peak [M+H]+ at m/z 

541.1135 corresponding to the molecular formula C30H20O10. The UV-Vis spectrum of 122 

in MeOH (Appendix 76) exhibited four absorption maxima at 228, 276, 297, and 333 nm 

characteristic of a flavonoid.108 The IR spectrum (Appendix 75) exhibited a broad OH 

absorption band at 3419 cm‒1 and two intramolecular hydrogen bonded carbonyl bands at 

1638 and 1610 cm‒1, together with the 13C-NMR resonances, at δC 196.67 and 182.60 for 

two carbonyl groups, indicated the presence of a 5-hydroxyflavone and a 5- 

hydroxyflavanone nucleus in 122.117 

The NMR spectra of 122 (Table 27 and Table 28) together with its HRESIMS, UV, and IR 

spectra suggested that it is composed of a flavanone and a flavone units joined by a C‒C 

linkage. As in that of 121, the 1H-NMR spectrum of 122 (Table 27 and Appendix 69) did 

not show meta-coupled proton resonances suggesting a linkage between rings A and A′ of 

the flavanone and flavone units, respectively. The 1H-NMR spectrum also revealed two 

sets of AA′XX′ spin system110 at δ 7.45 (H-2′/H-6′) and 6.95 (H-3′/H-5′), attributed to ring 

B, and 7.68 (H-2′′′/H-6′′′) and 6.92 (H-3′′′/H-5′′′) attributed to ring B′. 
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The two downfield shifted resonances at δ 13.11 (s) and 12.64 (s) indicated the presence 

of two hydrogen-bonded hydroxy groups at C-5′′ and C-5. This was supported by the 

HMBC correlation (Appendix 74) of the proton signal at δH 13.11 with the C-5′′ resonance 

at δC 161.82. The three doublet of doublets at δH 5.55 (1H, J = 12.80, 3.00 Hz), 3.33 (1H, 

J = 17.00, 12.80 Hz) and 2.83 (1H, J = 17.00, 3.00 Hz) were assigned to H-2 and the 

geminal protons at C-3 of the flavanone unit based on the HSQC spectrum of 122 

(Appendix 73). The magnitude of the coupling constant between H-2 and H-3 (12.80, 3.00 

Hz) suggested that H-2 is axial and therefore the configuration of ring B is equatorial.118 

The HSQC spectrum also indicated that the remaining three aromatic singlets at δH 6.66, 

6.42 and 6.23 can be attributed to H-3” and H-6” of the flavone unit and H-8 of the 

flavanone unit, respectively. 

Table 27: The 1H-NMR data (δppm) of compound 122. 
 

 

122 

(Acetone-d6, 400 MHz) 

Lit.74h,74i 

(MeOD-d4, 400 MHz) 

5.55 (1H, dd, J = 12.80, 3.00 Hz, H-2) 5.35 (1H, dd, J = 12.4, 2.4 Hz, H-2) 

3.33 (1H, dd, J = 17.00, 12.80 Hz, H-3) 

2.83 (1H, dd, J = 17.00, 3.00 Hz, H-3) 

3.17 (1H, m, H-3) 

2.74 (1H, m, H-3) 

12.64 (1H, s, 5-OH) ‒ 

6.23 (1H, s, H-8) 6.15 (1H, s, H-8) 

7.45 (2H, d, J = 8.80 Hz, H-2′/H-6′) 7.35 (2H, br. d, J = 8.4 Hz, H-2′/H-6′) 

6.95 (2H, d, J = 8.80 Hz, H-3′/H-5′) 6.83 (2H, br. d, J = 8.4 Hz, H-3′/H-5′) 

6.66 (1H, s, H-3′′) 6.54 (1H, s, H-3′′) 

13.11 (1H, s, 5′′-OH) ‒ 

6.42 (1H, s, H-6′′) 6.35 (1H, s, H-6′′) 

7.68 (2H, d, J = 8.80 Hz, H-2′′′/H-6′′′) 7.52 (2H, br. d, J = 8.4 Hz, H-2′′′/H-6′′′) 

6.92 (2H, d, J = 8.80 Hz, H-3′′′/H-5′′′) 6.76 (2H, br. d, J = 8.4 Hz, H-3′′′/H-5′′′) 

 

 

 
The only significant differences in the 13C-NMR spectra of 122 (Appendix 70) and 121 

 

(Appendix 64) are the upfield shift of the C-4′′ resonance to δC 182.20 (δC 196.51 in 121) 
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and the downfield shift of the signal due to C-2′′ to δC 164.13 (δC 78.48 in 121) and that of 

C-3′′ to δC 102.90 (δC 42.49 in 121) suggesting the presence of one flavanone and one 

flavone units in 122 compared to two flavanone units in 121. The structure of 122 was then 

determined to be 6-8′′-naringeninyl apigenin (rhusflavone, Figure 16).74b The 1H- and 13C- 

NMR data of 122 agree very well with those reported for rhusflavone in the literature74h,74i 

as shown in Table 27 and Table 28, respectively. Rhusflavone (122) was also isolated from 

the ethanol extract of the seed kernels of R. succedanea.74b 

Table 28: The 13C-NMR data (δppm) of compound 122. 
 

C 
122 

(Acetone-d6, 100 MHz) 

Lit.74h,74i 

(MeOD-d4, 100 MHz) 

2 79.16 80.50 

3 42.48 43.95 

4 196.53 197.89 

5 162.67 163.42 

6 102.39 103.22 

7 165.02 166.66 

8 94.91 95.88 

9 163.11 164.32 

10 99.86 101.05 

1′ 129.83 130.91 

2′ 128.21 129.12 

3′ 115.35 116.45 

4′ 157.89 158.78 

5′ 115.35 116.45 

6′ 128.21 129.12 

2′′ 164.13 165.85 

3′′ 102.90 103.22 

4′′ 182.60 184.06 

5′′ 161.82 162.38 

6′′ 98.81 99.85 

7′′ 162.78 164.06 

8′′ 98.69 100.45 

9′′ 155.73 156.91 

10′′ 104.66 105.40 

1′′′ 122.54 123.26 

2′′′ 128.25 129.55 

3′′′ 115.95 116.76 

4′′′ 160.92 162.27 

5′′′ 115.95 116.76 

  6′′′  128.25  129.55  
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3.4.3.6. Characterization of Compound 123 
 

 

 

 

 

Compound 123 was obtained as a yellow powder with m. p. 198.7 ‒ 199.6 °C. The 

molecular formula C20H18O11 was assigned for compound 123 based on its HRESIMS 

(Appendix 83, [M + H]+ at m/z 435.0913) coupled with its 1H- and 13C-NMR data (Table 

29 and Table 30). Compound 123 displayed characteristic UV absorption maxima at 257, 

299, and 354 nm for a flavone skeleton (Appendix 82).108 The IR spectrum (Appendix 81) 

showed absorption bands for hydroxy (3410 cm‒1), aromatic (1606 cm‒1) and a conjugated 

carbonyl (1654 cm‒1) groups in agreement with a flavone moiety in the structure of 123. 

Detailed examination of the NMR data of 123 together with its UV-Vis and IR spectra 

indicated that it belongs to flavone glycoside class of compounds. The 13C-NMR spectrum 

(Appendix 79) showed carbon resonances for both the flavone (15 carbons) and pentose (5 

carbons) moieties. In addition, the HRESIMS spectrum of compound 123 showed a 

significant fragment ion peak at m/z 303.0494 [M − 132.0419 (pentose unit) + H]+ 

supporting the presence of a monosaccharide in compound 123. 
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The presence of a quercetin (1) moiety119 was determined by careful examination of the 

1H-NMR spectrum of 123 (Table 29). The observation of two meta-coupled proton 

resonances at δ 6.23 (d, J = 2.00 Hz, H-6) and 6.42 (d, J = 2.00 Hz, H-8) indicated ring A 

is 5,7-disubstituted. The 1H-NMR spectrum also exhibited a characteristic resonance of an 

ABX spin system120 for ring B protons at δ 7.55 (d, J = 2.00 Hz, H-2′), 7.52 (dd, J = 8.40, 

2.00 Hz, H-6′) and 6.92 (d, J = 8.40 Hz, H-5′) suggesting a 3′,4′-disubstituted ring B. 

 

Table 29: The 1H-NMR data (δppm) of compound 123. 
 

 

123 

(MeOD-d4, 400 MHz) 

Lit.121 

(MeOD-d4, 500 MHz) 

6.23 (1H, d, J = 2.00 Hz, H-6) 6.20 (1H, d, J = 2.0 Hz, H-6) 

6.42 (1H, d, J = 2.00 Hz, H-8) 6.39 (1H, d, J = 2.0 Hz, H-8) 

7.55 (1H, d, J = 2.00 Hz, H-2′) 7.52 (1H, d, J = 2.0 Hz, H-2′) 

6.92 (1H, d, J = 8.40 Hz, H-5′) 6.90 (1H, d, J = 8.3 Hz, H-5′) 

7.52 (1H, dd, J = 8.40, 2.00 Hz, H-6′) 7.48 (1H, dd, J = 2.0, 8.3 Hz, H-6′) 

5.49 (1H, br. s, H-1′′) 5.46 (1H, br. s, H-1′′) 

4.35 (1H, dd, J = 3.00, 1.00 Hz, H-2′′) 4.32 (1H, br. d, J = 2.9 Hz, H-2′′) 

3.93 (1H, dd, J = 5.20, 3.20 Hz, H-3′′) 3.90 (1H, dd, J = 2.9, 4.9 Hz, H-3′′) 

3.88 (1H, q, J = 4.50 Hz, H-4′′) 3.86 (1H, br. q, J = 4.9 Hz, H-4′′) 

3.52 (2H, dd, J = 4.20, 2.20 Hz, H-5′′) 
3.51 (1H, dd, J = 3.4, 11.7 Hz, H-5′′) 

3.48 (1H, dd, J = 4.4, 11.7 Hz, H-5′′) 

 

 

The presence of quercetin-3-O-glycosidic linkage was determined from the corresponding 

anomeric proton signal at δ 5.49 (br. s, 1H) as well as the 13C-NMR spectrum. The position 

of glycosylation was established from the 13C-NMR chemical shifts of 123 in comparison 

with the corresponding carbon resonances of the aglycone quercetin (1). Thus, the signals 

due to C-2, C-4, C-5 and C-10 showed downfield shifts by 10.49, 2.91, 0.29 and 1.0 ppm, 

respectively, while the signal corresponding to C-3 showed an upfield shift of 2.34 ppm, 

compared to the corresponding signals in quercetin (1, Table 32).122 The above 
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spectroscopic data allowed for the identification of compound 123 as quercetin 3-O-α- 

arabinofuranoside (avicularin, Figure 16). Comparison of the NMR spectral data of 123 

with those reported in the literature for avicularin114,121,123 revealed a very close agreement. 

Table 30: The 13C-NMR data (δppm) of compound 123. 
 

 

C 
123 

(MeOD-d4, 100 MHz) 
Lit.121 

(MeOD-d4, 125 MHz) 

2 157.95 159.4 

3 133.52 134.9 

4 178.59 180.0 

5 161.70 163.1 

6 98.49 99.9 
7 164.65 166.0 

8 93.36 94.8 

9 157.17 158.6 

10 104.23 105.6 

1′ 121.69 123.1 

2′ 115.44 116.9 

3′ 144.96 146.4 
4′ 148.46 149.8 

5′ 115.04 116.5 

6′ 121.57 123.0 

1′′ 108.13 109.6 

2′′ 81.91 83.3 

3′′ 77.29 78.7 

4′′ 86.61 88.0 
   5′′  61.13  62.6  

 

 

Avicularin (123) was previously isolated from the butanol extract of the aerial parts of 

Polygonum equisetiforme,123 the MeOH extract of the leaves of Psidium guajava121 and the 

ethanol extract of Rosa rugosa114. However, this is the first report of avicularin from a Rhus 

species. 



78 
 

3.4.3.7. Characterization of Compound 1 
 

 

 

 

 

Compound 1 was obtained as a yellow powder and had a melting point of 309.0 ‒ 310.0 

 

°C. The positive ion HRESIMS of 1 (Appendix 89) exhibited a molecular ion peak [M+H]+ 

at m/z 303.0503 in accordance with the molecular formula C15H10O7. Comparison of the 

HRESIMS spectra of 1 (Appendix 89) and 123 (Appendix 83) indicated that 1 ([M+H]+ at 

m/z 303.0503) has a similar mass spectral fragmentation pattern with the aglycon part of 

123 (m/z 303.0494 [M − 132.0419 + H]+). The UV-Vis spectrum (Appendix 88, λmax, 255 

and 371 nm) also suggested 1 to be a flavonol with an unsubstituted 3-hydroxy group.108 

In addition, the IR spectrum of 1 (Appendix 87) revealed the presence of a hydroxy (3410 

cm‒1), carbonyl (1656) and aromatic (1616 cm‒1) functionalities in agreement with a 

flavonol skeleton. 

The NMR data of 1 (Table 31 and Table 32) is very similar to that of 123 (Table 29 and 

Table 30) except that 1 lacks the signals due to the arabinose moiety in the spectrum of 

123. The 13C-NMR spectrum of 1 (Appendix 85) showed the presence of 15 carbon signals 

of which one is due to a conjugated carbonyl (δ 175.68), 12 are due to aromatic carbons 

(six quaternary carbons with five being oxygenated at δ 103.23, 164.14, 161.41, 156.87, 

146.08, 144.98, and six methines at δ 122.85, 120.55, 115.36, 114.89, 98.27, 93.57) and 



79 
 

the remaining two carbon resonances correspond to oxygenated olefinic carbons (δ 147.49 

and 135.86). 

 

Table 31: The 1H-NMR data (δppm) of compound 1. 
 

 
1 

(Acetone-d6, 400 MHz) 

Lit.119 

(DMSO-d6, 500 MHz) 

12.20 (1H, s, 5-OH) 12.48 (1H, s, 5-OH) 

6.28 (1H, d, J = 2.00 Hz, H-6) 6.17 (1H, d, J = 2.0 Hz, H-6) 

6.54 (1H, d, J = 2.00 Hz, H-8) 6.39 (1H, d, J = 2.0 Hz, H-8) 

7.84 (1H, d, J = 2.20 Hz, H-2′) 7.66 (1H, d, J = 2.0 Hz, H-2′) 

7.01 (1H, d, J = 8.50 Hz, H-5′) 6.87 (1H, d, J = 8.5 Hz, H-5′) 

7.71 (1H, dd, J = 8.50, 2.20 Hz, H-6′) 7.53 (1H, dd, J = 2.0, 8.0 Hz, H-6′) 

 

 

 

 

The ABX spin system120 in the aromatic region of the 1H-NMR spectrum of compound 1 

 

(Table 31) at δ 7.84 (1H, d, J = 2.20 Hz, H-2′), 7.71 (1H, dd, J = 8.50, 2.20 Hz, H-6′) and 

 

7.01 (1H, d, J = 8.50 Hz, H-5′) suggested a 3′,4′-disubstituted ring B. The two meta-coupled 

proton resonances at δ 6.28 (1H, d, J = 2.00 Hz, H-6) and 6.54 (1H, d, J = 2.00 Hz, H-8), 

were also observed in the 1H-NMR spectrum of 1 which suggested that ring A is 5,7- 

disubstituted. The downfield signal at δ 12.20 (1H, s) is assigned to the chelated OH group 

at C-5. Based on the above spectral data and comparison with the data reported in the 

literature, the structure of 1 was identified as 3,5,7,3′,4′-pentahydroxyflavone (quercetin, 

Figure 16).119Quercetin (1) is a well-known natural product which has many beneficial 

health effects such as antiviral, anti-inflammatory, antibacterial, antioxidant and muscle- 

relaxing properties. Furthermore, it improves normal cell survival and prevents tumor 

proliferation.124 Quercetin (1) was previously isolated from the EtOAc extract of R. 

wallichi.115 
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Table 32: The 13C-NMR data (δppm) of compound 1. 
 

 

C 
1 

(Acetone-d6, 100 MHz) 
Lit.119 

(DMSO-d6, 125 MHz) 

2 147.49 147.9 

3 135.86 135.9 

4 175.68 176.0 

5 161.41 160.9 

6 98.27 98.4 
7 164.14 164.1 

8 93.57 93.8 

9 156.87 156.3 

10 103.23 103.2 

1′ 122.85 122.1 

2′ 114.89 115.2 

3′ 144.98 145.2 
4′ 146.08 147.0 

5′ 115.36 115.8 
  6′  120.55  120.2  

 
 

3.4.3.8. Characterization of Compound 2 
 

 

 

 

 

Compound 2 was obtained as a light-yellow powder and had a melting point of 320.2 ‒ 

 

321.9 °C. The positive ion HRESIMS of 2 (Appendix 95) gave a molecular ion peak 

[M+H]+ at m/z 319.0458, which is 16 mass units higher than that of compound 1 ([M+H]+ 

at m/z 303.0503). The molecular formula C15H10O8 was then deduced for compound 2. On 

the basis of IR (Appendix 93, 3392, 1660, 1610 cm‒1) and UV-Vis (Appendix 94, λmax, 

254, 305 and 374 nm) spectral data of compound 2 and in comparison with the spectral 

data of 1, the presence of a 3,5,7,3',4',5'-hexahydroxyl flavone system was suggested.108 
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The only difference between the 1H-NMR spectra of 2 (Table 33 and Appendix 90) and 1 

(Table 31 and Appendix 84) is the absence of the ABX spin system120 corresponding to 

ring B proton resonances in the spectrum of 2. Instead, the spectrum of 2 displayed a two- 

proton singlet at δ 7.44 (H-2′/H-6′) suggesting ring B is 3′,4′,5′-trisubstituted. Like that of 

1, the 1H-NMR spectrum of 2 displayed meta-coupled proton signals at δ 6.27 (d, J = 2.00 

Hz, H-6) and 6.53 (d, J = 2.00 Hz, H-8) due to the 5,7-dihydroxy substituted A ring. The 

signal due to the intramolecular hydrogen bonded OH group at C-5 is also observed at δ 

12.18 (1H, s). 

 

The 13C-NMR spectrum of 2 (Table 34 and Appendix 91) showed 15 carbon resonances. 

In conjunction with the DEPT-135 NMR spectrum (Appendix 92), the signals were 

attributed to one conjugated carbonyl carbon [δ 175.63 (C-4)], six oxygenated quaternary 

aromatic carbons [δ 164.09 (C-2), 161.41 (C-9), 156.83 (C-5), 145.52 (C-3′/5′) and 136.02 

(C-4′)], four aromatic methine carbons [δ 107.42 (C-2′/6′), 98.24 (C-6) and 93.51 (C-8)], 

two aromatic quaternary carbons [δ 121.86 (C-1′) and 103.22 (C-10)] and two oxygenated 

olefinic quaternary carbon atoms [δ 146.07 (C-2) and 135.53 (C-3)]. Based on the above 

spectral data compound 2 was identified as 3,5,7,3′,4′,5′-hexahydroxyflavone (myricetin, 

Figure 16). The NMR data of 2 agreed very well with those reported in the literature125 for 

myricetin which was previously isolated from the MeOH extracts of the flowers of 

Rhododendron mucronulatum125 and the EtOAc extract of R. wallichi.115 
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Table 33: The 1H-NMR data (δppm) of compound 2. 
 

 
2 

(Acetone-d6, 400 MHz) 

Lit.125 

(MeOD-d4, 500 MHz) 

12.18 (1H, s, 5-OH) ‒ 

6.27 (1H, d, J = 2.00 Hz, H-6) 6.18 (1H, d, J = 1.7 Hz, H-6) 

6.53 (1H, d, J = 2.00 Hz, H-8) 6.37 (1H, d, J = 1.8 Hz, H-8) 

7.44 (2H, s, H-2′/H-6′) 7.35 (2H, s, H-2′/H-6′) 

 
 
 

Table 34: The 13C-NMR data (δppm) of compound 2. 
 

 

C 
2 

(Acetone-d6, 100 MHz) 
Lit.125 

(MeOD-d4, 125 MHz) 

2 146.07 148.3 

3 135.53 137.2 

4 175.63 177.5 

5 156.83 158.4 

6 98.24 99.5 

7 164.09 165.8 
8 93.51 94.7 

9 161.41 162.7 

10 103.22 104.8 

1′ 121.86 123.4 

2′ 107.42 108.8 

3′ 145.52 147.0 

4′ 136.02 137.6 
5′ 145.52 147.0 

  6′  107.42  108.8  
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5.4.3.9. Characterization of Compound 124 
 

 

 

 

 

Compound 124 (m. p. 237.8 ‒ 240.2 °C) was obtained as a yellow amorphous powder. It 

showed a molecular ion peak [M+H]+ at m/z 449.1077 in its HRESIMS corresponding to 

the molecular formula C21H20O11 (Appendix 101). The spectrum also revealed a prominent 

fragment ion peak at m/z 303.0500 [M − 146.0577 (methyl pentose unit) + H]+ indicating 

that compound 124 is a flavonol monosaccharide. The IR spectrum of 124 (Appendix 99) 

showed absorption bands corresponding to hydroxy (3411 cm‒1), carbonyl (1655 cm‒1), 

conjugated diene (1608 cm‒1) and phenyl (1500 cm‒1) moieties. The UV-Vis spectrum 

(Appendix 100) exhibited the characteristic absorption bands for a flavonol.108 

In the 1H-NMR spectrum of 124 (Table 35 and Appendix 96), two meta-coupled doublets 

of a 5,7-dihydroxylated A ring system appeared at δ 6.22 (J = 2.00 Hz, H-6) and 6.39 (J = 

2.00 Hz, H-8). The ABX spin system120 due to three aromatic protons at δ 7.36 (d, J = 2.00 

Hz, H-2′), 7.33 (dd, J = 8.40, 2.00 Hz, H-6′) and 6.93 (d, J = 8.40 Hz, H-5′) can be attributed 

to the 3′,4′-dihydroxylated B ring in a flavonol skeleton. The 1H-NMR spectrum clearly 

showed that the aglycone of compound 124 is quercetin (1, Figure 16).119 The spectrum 

further showed characteristic signals due to a rhamonpyranose moiety. The fact that 
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compound 124 is a 3-O-substituted quercetin rhamnopyranoside was indicated by the 

downfield shifts of the signals due to C-2, C-4, C-5 and C-10 by 9.65, 2.58, 0.42 and 1.28 

ppm, respectively, and the upfield shift of the signal due to C-3 by 1.01 ppm in the 13C- 

NMR spectrum of 124 (Table 36) compared to the corresponding signals in the spectrum 

of the aglycone, quercetin (1, Table 32).122,126 Compound 124 was then characterized as 

quercetin-3-O-α-rhamnopyranoside (quercitrin, Figure 16) based on the above 

spectroscopic data. Comparison of the NMR spectral data of 124 with those reported in the 

literature125 for quercitrin revealed a close agreement. 

Table 35: The 1H-NMR data (δppm) of compound 124. 
 

 
124 

(MeOD-d4, 400 MHz) 

Lit.125 

(MeOD-d4, 500 MHz) 

6.22 (1H, d, J = 2.00 Hz, H-6) 6.22 (1H, d, J = 1.7 Hz, H-6) 

6.39 (1H, d, J = 2.00 Hz, H-8) 6.38 (1H, d, J = 1.7 Hz, H-8) 

6.93 (1H, d, J = 8.40 Hz, H-5′) 6.94 (1H, d, J = 8.3 Hz, H-5′) 

7.33 (1H, dd, J = 8.40, 2.00 Hz, H-6′) 7.34 (1H, dd, J = 1.9, 8.3 Hz, H-6′) 

5.37 (1H, d, J = 1.60 Hz, H-1′′) 5.39 (1H, d, J = 1.7 Hz, H-1′′) 

4.24 (1H, dd, J = 1.60, 3.20 Hz, H-2′′) 4.26 (1H, dd, J = 1.7, 3.2 Hz, H-2′′) 

3.77 (1H, dd, J = 3.40, 9.40 Hz, H-3′′) 3.75 (1H, dd, J = 3.2, 9.3 Hz, H-3′′) 

3.41 (1H, m, H-4′′) 3.45 ‒ 3.44 (1H, m, H-4′′) 

3.41 (1H, m, H-5′′) 3.39 ‒ 3.35 (1H, m, H-5′′) 

0.96 (3H, d, J = 6.40 Hz, H-6′′) 0.98 (3H, d, J = 5.9 Hz, H-6′′) 

 

 

Quercitrin (124) was previously isolated from the MeOH extracts of the flowers of 

 

Rhododendron mucronulatum125 and the fruits of R. parviflora.127 
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Table 36: The 13C-NMR data (δppm) of compound 124. 
 

 

C 
124 

(MeOD-d4, 100 MHz) 
Lit.125 

(MeOD-d4, 125 MHz) 

2 157.14 158.1 

3 134.85 136.5 

4 178.27 179.4 

5 161.83 162.9 

6 98.42 100.5 
7 164.49 165.7 

8 93.31 95.4 

9 157.92 158.7 

10 104.52 106.1 

1′ 121.60 122.4 

2′ 114.98 116.7 

3′ 145.03 146.8 
4′ 148.40 149.0 

5′ 115.56 117.2 

6′ 121.46 122.4 

1′′ 102.16 103.8 

2′′ 70.63 72.3 

3′′ 70.75 72.4 

4′′ 71.88 73.6 
5′′ 70.51 72.0 

  6′′  16.25  18.0  

 
 

3.4.3.10. Characterization of Compound 125 
 

 

 

 

 

Compound 125 was isolated as a white crystalline powder with m. p. 186.5 ‒ 187.2 °C. 

The UV-Vis spectrum of 125 (Appendix 106) showed λmax at 355 nm and the IR spectrum 

(Appendix 105) showed absorption bands for hydroxy (3482 and 3385 cm‒1) and 

conjugated carbonyl (1682 and 1648 cm‒1) groups. The molecular formula C7H10O5 was 

determined for compound 125 by analysis of its positive ion HRESIMS spectrum 

(Appendix 107) which showed a molecular ion peak [M+Na]+ at m/z 197.0422. The 13C- 
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NMR spectrum of 125 (Appendix 103) showed seven carbon resonances which were 

assigned with the help of the DEPT-135 NMR spectrum (Appendix 104) to one carboxylic 

acid group (δC 170.15), two olefinic methine carbon atoms (δC 129.71 for C-1 and 137.12 

for C-2), three oxygenated aliphatic methine carbon atoms (δC 65.69 for C-3, 66.51 for C- 

4, and 70.96 for C-5) and one aliphatic methylene carbo atom (δC 30.25 for C-6). 

The 1H-NMR spectral data of 125 (Table 37 and Appendix 102) strengthened the 

information provided by the 13C- and DEPT-135 NMR spectra. Thus, the 1H-NMR clearly 

showed signals corresponding to one olefinic proton at δ 6.68 (dt, J = 4.00, 2.00 Hz, H-2), 

and three oxygen-bearing methine protons at δ 4.30 (t, J = 4.00 Hz, H-3), 3.63 (dd, J = 

8.20, 4.20 Hz, H-4) and 3.88 (dt, J = 8.00, 5.80 Hz, H-5). The remaining two signals at δ 

2.08 (1H, ddt, J = 18.20, 6.20, 1.80 Hz) and 2.59 (1H, ddt, J = 18.20, 5.40, 1.40 Hz) were 

assigned to the methylene protons at C-6. Compound 125 was identified as 3,4,5- 

trihydroxycyclohex-1-ene-1-carboxylic acid (shikimic acid, Figure 16) based on the above 

spectroscopic data and by comparison of these with those reported in the literature128 for 

shikimic acid. 

 

Table 37: The 1H-NMR data (δppm) of compound 125. 
 

 

125 

(D2O, 400 MHz) 

Lit.128 

(MeOD-d4, 500 MHz) 

6.68 (1H, dt, J = 4.00, 2.00 Hz, H-2) 6.79 (1H, dt, J = 3.5, 2.0 Hz, H-2) 

4.30 (1H, t, J = 4.00 Hz, H-3) 4.36 (1H, ddd, J = 5.5, 4.0, 2.0 Hz, H-3) 

3.63 (1H, dd, J = 8.20, 4.20 Hz, H-4) 3.66 (1H, dd, J = 7.5, 4.0 Hz, H-4) 

3.88 (1H, dt, J = 8.00, 5.80 Hz, H-5) 3.98 (1H, dt, J = 7.5, 5.5 Hz, H-5) 

2.08 (1H, ddt, J = 18.20, 6.20, 1.80 Hz, H-5) 

2.59 (1H, ddt, J = 18.20, 5.40, 1.40 Hz, H-6) 

2.12 (1H, ddt, J = 18.5, 5.5, 2.0 Hz, H-5) 

2.69 (1H, ddt, J = 18.5, 5.0, 2.0 Hz, H-6) 
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Table 38: The 13C-NMR data (δppm) of compound 125. 
 

 

C 
125 

(D2O, 100 MHz) 
Lit.128 

(MeOD-d4, 125 MHz) 

1 129.71 130.8 

2 137.12 138.8 

3 65.69 67.3 

4 66.51 68.4 

5 70.96 72.8 
6 30.25 31.7 

  COOH  170.15  170.1  

 

 

Shikimic acid (125) was first isolated in 1885 from Illicium religiosum.129 It is found in a 

variety of plants and is a metabolite involved in the shikimate pathway responsible for the 

biosynthesis of aromatic amino acids in plants and microorganisms.129 

3.4.3.11. Characterization of Compound 126 
 

 

 

 

 

Compound 126 was obtained as a yellow powder with m. p. 232.6 ‒ 233.4 °C. It was shown 

to possess the molecular formula C21H20O12 by HRESIMS (Appendix 113) that revealed a 

[M + Na]+ ion at m/z 487.0861. The IR (Appendix 111) and UV-Vis (Appendix 112) 

spectra of 126 exhibited characteristic signals for a flavonol skeleton.108 The fact that 

compound 126 is a glycoside of quercetin (1)119 was apparent from its 1H-NMR spectrum 
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(Table 39 and Appendix 108). Thus, two meta-coupled proton resonances appeared at δ 

 

6.23 (d, J = 2.00 Hz, H-6) and 6.43 (d, J = 2.00 Hz, H-8) due to the 5,7-disubstituted A- 

ring. The ABX spin system120 due to the three aromatic protons in the 3′,4′-disubstituted 

B-ring appeared at δ 7.86 (d, J = 2.00 Hz, H-2′), 7.61 (dd, J = 8.50, 2.00 Hz, H-6′) and 6.89 

(d, J = 8.60 Hz, H-5′). 

The sugar moiety was identified as β-galactose by comparison of the 1H- and 13C-NMR 

spectral data of 126 with those reported in the literature (Table 39 and Table 40).121 In 

addition, the 1H-NMR spectrum showed signals at δ 5.15 (1H, d, J = 8.00 Hz), 3.67 (1H, 

dd, J = 6.00, 10.80 Hz) and 3.50 (1H, m) due to the anomeric proton and the diastereotopic 

geminal protons of the CH2OH group, respectively. The 13C-NMR signals at δ 104.08 and 

60.57 are due to the anomeric carbon (C-1′′) and the CH2OH (C-6′′), respectively.122 The 
 

coupling constant of the anomeric proton of 126 (J = 8.00 Hz) revealed β-configuration for 

the galactose moiety.103 

The site of glycosylation was confirmed by the downfield shifts of the signals due to C-2, 

C-4, C-5 and C-10 and the upfield shift of the signal due to C-3 in the 13C-NMR spectrum 

of 126 as compared to the corresponding signals in the spectrum of the aglycone, quercetin 

(1, Table 32).122 Compound 126 was identified as quercetin 3-O-β-galactoside (hyperoside, 

Figure 16) based on the above spectral data and by comparison of these with the data 

reported for hyperoside in the literature121. Hyperoside (126) was previously isolated from 

the MeOH extract of the leaves of Psidium guajava,121 the EtOAc extract of the leaves of 

R. wallichi115 and the MeOH extract of the fruits of R. parviflora.127 
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Table 39: The 1H-NMR data (δppm) of compound 126. 
 

 
126 

(MeOD-d4, 400 MHz) 

Lit.121 

(DMSO-d6, 500 MHz) 

6.23 (1H, d, J = 2.00 Hz, H-6) 6.19 (1H, d, J = 1.5 Hz, H-6) 

6.43 (1H, d, J = 2.00 Hz, H-8) 6.39 (1H, d, J = 1.5 Hz, H-8) 

7.86 (1H, d, J = 2.00 Hz, H-2′) 7.52 (1H, d, J = 2.0 Hz, H-2′) 

6.89 (1H, d, J = 8.60 Hz, H-5′) 6.81 (1H, d, J = 8.3 Hz, H-5′) 

7.61 (1H, dd, J = 8.50, 2.00 Hz, H-6′) 7.66 (1H, dd, J = 2.0, 8.3 Hz, H-6′) 

5.15 (1H, d, J = 8.00 Hz, H-1′′) 5.36 (1H, d, J = 7.8 Hz, H-1′′) 

3.85 (1H, dd, J = 7.80, 9.40 Hz, H-2′′) 3.56 (1H, dd, J = 7.8, 9.3 Hz, H-2′′) 

3.58 (1H, m, H-3′′) 3.36 (1H, dd, J = 3.4, 9.3 Hz, H-3′′) 

3.88 (1H, d, J = 3.20 Hz, H-4′′) 3.64 (1H, br. d, J = 3.4 Hz, H-4′′) 

3.58 (1H, m, H-5′′) 3.31 (1H, m, H-5′′) 

3.67 (1H, dd, J = 6.00, 10.80 Hz, H-6′′) 

3.50 (1H, m, H-6′′) 

3.45 (1H, dd, J = 5.4, 10.2 Hz, H-6′′) 

3.28 (1H, m, H-6′′) 

 

 
 

Table 40: The 13C-NMR data (δppm) of compound 126. 
 

 

C 
126 

(MeOD-d4, 100 MHz) 
Lit.121 

(DMSO-d6, 125 MHz) 

2 157.52 156.4 

3 134.44 133.6 

4 178.16 177.4 

5 161.62 161.0 

6 98.57 98.8 

7 164.72 164.6 

8 93.34 93.6 
9 157.08 156.2 

10 104.26 103.8 

1′ 121.61 122.0 

2′ 114.70 115.2 

3′ 144.43 144.8 
4′ 148.57 148.4 

5′ 116.38 116.0 

6′ 121.48 121.2 

1′′ 104.08 102.0 

2′′ 71.74 71.2 

3′′ 73.69 73.2 

4′′ 68.66 67.9 
5′′ 75.75 75.8 

  6′′  60.57  60.1  
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3.4.3.12. Characterization of Compound 127 
 

 

 
 

 

 

Compound 127 was obtained as a light-yellow amorphous powder and had a melting point 

of 194.0 ‒ 196.0 °C. The IR spectrum (Appendix 117) showed absorption bands for 

hydroxy (3326 cm‒1), and carbonyl (1650 cm‒1) groups and the UV-Vis spectrum 

(Appendix 118) showed absorption maxima at 257 and 365 nm indicating the presence of 

a flavone moiety.108 Compound 127 showed a molecular ion peak [M+H]+ at m/z 481.0974 

in its HRESIMS (Appendix 119) suggesting the molecular formula C21H20O13. The 

HRESIMS also showed a prominent fragment ion peak at m/z 319.0455 [M − 162.0519 

(hexose unit) + H]+ indicating compound 127 as a flavonol monosaccharide. 

The 13C-NMR coupled with the DEPT-135 NMR spectra of compound 127 (Appendix 115 

and Appendix 116) revealed signals for one conjugated carbonyl carbon (δ 178.00 (C-4)), 

six oxygenated quaternary aromatic carbons (δ 164.76 (C-7), 161.60 (C-5), 156.99 (C-9), 

144.99 (C-3′, 5′) and 136.75 (C-4′)), four aromatic methine carbons (δ 108.52 (C-2′, 6′), 

 

98.50 (C-6) and 93.27 (C-8)), two aromatic quaternary carbons (δ 120.27 (C-1′) and 104.17 

(C-10)), two oxygenated olefinic quaternary carbons (δ 157.26 (C-2) and 134.58 (C-3)), 



91 
 

and signals due to a sugar moiety (δ 104.14 (C-1′′), 75.82 (C-5′′), 73.72 (C-3′′), 71.88 (C- 

2′′), 68.63 (C-4′′), and 60.52 (C-6′′)). 

The 1H-NMR spectrum of compound 127 revealed the presence of two meta-coupled 

proton resonances at δ 6.22 (d, J = 2.00 Hz, H-6) and 6.41 (d, J = 2.00 Hz, H-8) indicating 

that ring A is 5,7-disubstituted. The two-proton singlet at δ 7.40 (H-2′/H-6′) suggested that 

ring B is 3′,4′,5′-trisubstituted (Table 41 and Appendix 114). The presence of a myricetin 

(2, Figure 16) moiety was evident from the 1H-NMR spectrum.125 The spectrum also 

showed signals between δ 3.90 and 5.22 due to a sugar moiety. Comparison of the NMR 

data of 127 with literature130 suggested that 127 is a myricetin-O-β-glycoside. 

Table 41: The 1H-NMR data (δppm) of compound 127. 
 

 
127 

(MeOD-d4, 400 MHz) 

Lit.130 

(MeOD-d4, 400 MHz) 

6.22 (1H, d, J = 2.00 Hz, H-6) 6.20 (1H, d, J = 2.12 Hz, H-6) 

6.41 (1H, d, J = 2.00 Hz, H-8) 6.40 (1H, d, J = 2.08 Hz, H-8) 

7.40 (2H, s, H-2′/H-6′) 7.40 (2H, s, H-2′/H-6′) 

5.22 (1H, d, J = 7.60 Hz, H-1′′) 5.21 (1H, d, J = 7.8 Hz, H-1′′) 

3.86 (1H, dd, J = 9.60, 7.84 Hz, H-2′′) 3.84 (1H, dd, J = 9.6, 7.8 Hz, H-2′′) 

3.60 (1H, m, H-3′′) 3.60 (1H, dd, J = 9.5, 3.2 Hz, H-3′′) 

3.90 (1H, d, J = 3.52 Hz, H-4′′) 3.89 (1H, d, J = 3.1 Hz, H-4′′) 

3.53 (1H, m, H-5′′) 3.54 (1H, d, J = 5.8 Hz, H-5′′) 

3.60 (1H, m, H-6′′) 

3.68 (1H, dd, J = 11.26, 6.18 Hz, H-6′′) 

3.63 (1H, m, H-6′′) 

3.67 (1H, dd, J = 11.1, 6.0 Hz, H-6′′) 

 
 

The downfield shifts of the signals due to C-2, C-4, C-5 and C-10 by 11.19, 2.37, 4.77 and 

 

0.95 ppm, respectively, and the upfield shift of the signal due to C-3 by 0.95 ppm in the 

 
13C-NMR spectrum of 127 as compared to the corresponding signals in the aglycone, 
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myricetin (2, Table 34), were used to establish the site of glycosylation.122 Compound 127 

was therefore identified as myricetin-3-O-β-galactopyranoside (Figure 16). Comparison of 

the NMR spectral data of 127 with those reported for myricetin-3-O-β-galactopyranoside 

in the literature revealed a very close agreement.130-131 This is the first report of compound 

127 from a Rhus species. However, compound 127 was previously isolated from Cistus 

salviifolius130, Davilla elliptica132, Erica andevalensis133, and Myrtus communis.134 It 

showed antinociceptive132, antiulcerogenic133, antioxidant and antigenotoxic activities.134 

Table 42: The 13C-NMR data (δppm) of compound 127. 
 

 

C 
127 

(MeOD-d4, 100 MHz) 
Lit.130 

(MeOD-d4, 100 MHz) 

2 157.26 157.33 

3 134.58 134.62 

4 178.00 178.00 

5 161.60 161.53 

6 98.50 98.51 

7 164.78 164.62 

8 93.27 93.30 
9 156.99 156.96 

10 104.17 104.23 

1′ 120.27 120.33 

2′ 108.52 108.63 

3′ 144.99 145.01 

4′ 136.75 136.74 
5′ 144.99 145.01 

6′ 108.52 108.63 

1′′ 104.14 104.23 

2′′ 71.88 71.91 

3′′ 73.72 73.74 

4′′ 68.63 68.66 
5′′ 75.82 75.82 

  6′′  60.52  60.59  

 

 

Three more flavonoids (128, 129, and 130 (Figure 17)) were also isolated from the EtOAc- 

soluble fraction of the DCM:MeOH (1:1) extract of the leaves of R. glutinosa and were 

partially characterized only based on their 1H-NMR data due to paucity of material. 

Elucidation of the structures of the compounds is discussed below. 
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Figure 17: Partially characterized compounds isolated from the leaves of R. glutinosa. 

 

 

 
Compound 128 was obtained as a yellow amorphous powder. The 1H-NMR spectrum of 

 

128 (Appendix 120) revealed two meta-coupled aromatic proton resonances at δ 6.23 (J = 

 

2.20 Hz) and 6.56 (J = 2.20 Hz) due to H-6 and H-8, respectively. The spectrum also 

showed a set of AA′XX′ spin system110 at δ 7.96 (2H, d, J = 8.00 Hz, H-2′/H-6′) and 7.04 

(2H, d, J = 8.00 Hz, H-3′/H-5′) corresponding to the protons on the 4′-substituted B-ring. 

The two singlets at δ 6.65 and 13.04 are assigned to the methine proton at C-3 and the 

intramolecular hydrogen bonded hydroxy group at C-5. The 1H-NMR data of compound 

128 (Table 43) is very similar to those of acacetin (120, Table 21) except that the spectrum 

of 128 is devoid of the signal due to a methoxy group suggesting the presence of hydroxy 

group instead. The structure of compound 128 was therefore determined to be 4′,5,7- 

trihydroxyflavone (apigenin, Figure 17). Comparison of the 1H-NMR data of 128 with 

those reported for apigenin in the literature revealed a close agreement.135 Apigenin was 

previously isolated from the fruits of R. typhina.136 
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Table 43: The 1H-NMR data (δppm) of compound 128. 
 

 
128 

(Acetone-d6, 400 MHz) 

Lit.135 

(DMSO-d6, 500 MHz) 

6.65 (1H, s, H-3) 6.78 (1H, s, H-3) 

13.04 (1H, s, 5-OH) 12.97 (1H, s, 5-OH) 

6.23 (1H, d, J = 2.20 Hz, H-6) 6.19 (1H, d, J = 2.0 Hz, H-6) 

6.56 (1H, d, J = 2.20 Hz, H-8) 6.48 (1H, d, J = 2.0 Hz, H-8) 

7.96 (2H, d, J = 8.00 Hz, H-2′/H-6′) 7.93 (2H, d, J = 8.8 Hz, H-2′/H-6′) 

7.04 (2H, d, J = 8.00 Hz, H-3′/H-5′) 6.93 (2H, d, J = 8.8 Hz, H-3′/H-5′) 

 

 

 

 

Compound 129 was obtained as a yellow powder. In the 1H-NMR spectrum of compound 

 

129 (Appendix 121), two meta-coupled doublets were observed at δ 6.21 (J = 2.00 Hz) and 

 

6.38 (J = 2.00 Hz) due to H-6 and H-8, respectively, of ring A. Two sets of signals at δ 

7.79 (2H, J = 8.80 Hz, H-2′/H-6′) and 6.96 (2H, J = 8.80 Hz, H-3′/H-5′) with AA′XX′ spin 

system110 are due to the protons of the 4′-substituted B-ring suggesting the presence of a 

kaempferol (38) moiety.114 The 1H-NMR data also revealed the presence of a rhamnose 

moiety attached to kaempferol. Thus, the 1H-NMR spectrum of 129 showed the anomeric 

proton resonance at δ 5.40 (1H, d, J = 1.60 Hz, H-1′′) indicating the α-configuration of the 

sugar. The methyl protons resonance of the rhamnose appeared at δ 0.94 (3H, d, J = 5.60 

Hz, H-6′′) and the remaining four proton resonances were observed at δ 3.60 (2H, m, H-4′′, 

H-5′′), 3.73 (1H, m, H-3′′) and 4.24 (1H, dd, J = 3.20, 1.60 Hz, H-2′′). Compound 129 was 

therefore identified as kaempferol-3-O-α-rhamnopyranoside (afzelin, Figure 17) based on 

the above spectroscopic data. Comparison of the 1H-NMR data of 129 with those reported 

in the literature125 for afzelin revealed a very close agreement (Table 44). Afzelin was 

previously identified in the leaves of R. verniciflua by LC-MS analysis.137 
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Table 44: The 1H-NMR data (δppm) of compound 129. 
 

 
129 

(MeOD-d4, 400 MHz) 

Lit.125 

(MeOD-d4, 500 MHz) 

6.21 (1H, d, J = 2.00 Hz, H-6) 6.22 (1H, d, J = 1.8 Hz, H-6) 

6.38 (1H, d, J = 2.00 Hz, H-8) 6.40 (1H, d, J = 1.9 Hz, H-8)) 

7.79 (2H, d, J = 8.80 Hz, H-2′/H-6′) 7.78 (2H, d, J = 8.5 Hz, H-2′/H-6′) 

6.96 (2H, d, J = 8.80 Hz, H-3′/H-5′) 6.95 (2H, d, J = 8.7 Hz, H-3′/H-5′) 

5.40 (1H, d, J = 1.60 Hz, H-1′′) 5.40 (1H, d, J = 1.7 Hz, H-1′′) 

4.24 (1H, dd, J = 3.20, 1.60 Hz, H-2′′) 4.28 (1H, dd, J = 3.2, 1.7 Hz, H-2′′) 

3.73 (1H, m, H-3′′) 3.75 (1H, dd, J = 3.2, 9.3 Hz, H-3′′) 

3.60 (2H, m, H-4′′, H-5′′) 3.36 (2H, m, H-4′′, H-5′′) 

0.94 (3H, d, J = 5.60 Hz, H-6′′) 0.96 (3H, d, J = 6.1 Hz, H-6′′) 

 
 

Compound 130 was obtained as a light-yellow amorphous powder. The fact that this 

compound is dimeric flavonoid was evident from its 1H-NMR spectrum (Appendix 122). 

Thus, the spectrum exhibited two sets of AA′XX′ spin system110 at δ 7.87 (2H, H-2′/H-6′), 

6.93 (2H, H-3′/H-5′), 8.11 (2H, H-2′′′/H-6′′′), and 6.95 (2H, H-3′′′/H-5′′′) indicating rings 

B and B′ are disubstituted. The spectrum also showed signals corresponding to four meta- 

coupled aromatic protons at δ 6.23 (1H, d, J = 2.00 Hz), 6.48 (1H, d, J = 2.00 Hz), 6.20 

(1H, d, J = 2.00 Hz), and 6.42 (1H, d, J = 2.00 Hz) which are attributed to H-6 and H-8 of 

ring A and H-6′′ and H-8′′ of ring A′, respectively. Furthermore, the spectrum revealed one 

olefinic proton singlet at δ 6.61 (1H, s) due to H-3′′. The above spectral data allowed for 

the assignment of structure for 130. Comparison of the 1H-NMR data of 130 with those 

reported in the literature138 (Table 45) for delicaflavone revealed a very close agreement. 

There are no previous reports on the isolation of delicaflavone from a Rhus species. 
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Table 45: The 1H-NMR data (δppm) of compound 130. 
 

 
130 

(Acetone-d6, 400 MHz) 

Lit.138 

(DMSO-d6, 500 MHz) 

6.23 (1H, d, J = 2.00 Hz, H-6) 6.24 (1H, d, J = 2.0 Hz, H-6) 

6.48 (1H, d, J = 2.00 Hz, H-8) 6.53 (1H, d, J = 2.0 Hz, H-8) 

7.87 (2H, d, J = 9.20 Hz, H-2′/H-6′) 7.82 (2H, d, J = 8.5 Hz, H-2′/H-6′) 

6.93 (2H, d, J = 9.20 Hz, H-3′/H-5′) 6.88 (2H, d, J = 8.5 Hz, H-3′/H-5′) 

6.61 (1H, s, H-3′′) 6.85 (1H, s, H-3′′) 

6.20 (1H, d, J = 2.00 Hz, H-6′′) 6.19 (1H, d, J = 2.2 Hz, H-6′′) 

6.42 (1H, d, J = 2.00 Hz, H-8′′) 6.47 (1H, d, J = 2.2 Hz, H-8′′) 

8.11 (2H, d, J = 9.20 Hz, H-2′′′/H-6′′′) 7.98 (2H, d, J = 9.0 Hz, H-2′′′/H-6′′′) 

6.95 (2H, d, J = 9.02 Hz, H-3′′′/H-5′′′) 7.23 (2H, d, J = 9.0 Hz, H-3′′′/H-5′′′) 

 
 

3.5. Phytochemical Investigation on the Leaves of Rhus natalensis 

 

Phytochemical analysis on the leaves of R. natalensis resulted in the isolation of three 

compounds, namely, 3,5,7,3′,4′-pentahydroxyflavone (quercetin, 1), quercetin 3-O-α- 

arabinopyranoside (guaijaverin, 131) and apigenin 8-C-β-glucopyranoside (vitexin, 132) 

(Figure 18). DPPH radical scavenging activity of the plant extract was also determined in 

this study. The phytochemical investigation on the leaves R. natalensis is discussed in the 

following sections. 

 

3.5.1. The DPPH Radical Scavenging Assay of the Ethyl Acetate-Soluble Fraction of 

the Leaves of Rhus natalensis 

 

The ground fresh leaves of R. natalensis were extracted as described in Section 4.3.5.1. 

The DPPH radical scavenging activity of the EtOAc-soluble portion of the DCM:MeOH 

(1:1) extract of the leaves of R. natalensis was determined following the procedure 

described in Section 4.3.1.4. The EtOAc portion showed a 94.94% DPPH inhibition at a 
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concentration of 50.00 µg/mL (Table 46). The standard ascorbic acid showed 96.29% 

DPPH inhibition at the same concentration. The flavonoids in the leaves of R. natalensis 

(Section 3.5.3) could be responsible for the observed DPPH inhibition. 

 

Table 46: Radical scavenging activities of the EtOAc-soluble portion of the DCM:MeOH 

extract of the leaves of R. natalensis and ascorbic acid standards. 

 
 % DPPH Inhibition 

Concentration 

(μg/mL) 

    
EtOAc-soluble portion of the extract of R. 

natalensis 

 
Ascorbic acid standard 

50.00 94.94 ± 0.29 96.29 ± 0.06 

25.00 88.30 ± 0.20 96.26 ± 0.06 

12.50 61.45 ± 1.15 96.06 ± 0.12 

6.25 47.19 ± 1.91 91.30 ± 0.31 

3.13 30.85 ± 1.20 54.06 ± 1.27 

1.56 27.54 ± 0.84 35.00 ± 0.52 

The results are reported as mean ± SD of three replicates. 

 

 

 

3.5.2. Fractionation of the Ethyl Acetate-Soluble Portion of the DCM:MeOH Extract 

of the Leaves of Rhus natalensis 

 

The fractionation of the EtOAc-soluble portion of the DCM:MeOH (1:1) extract of the 

leaves of R. natalensis is described in Section 4.3.5.2. Three compounds, namely, quercetin 

(1), guaijaverin (131) and vitexin (132) (Figure 18) were isolated from the EtOAc-soluble 

portion. The crude EtOAc fraction of the DCM:MeOH extract of the leaves of R. natalensis 

and a mixture of the three isolated compounds, 1, 131 and 132, were also analyzed by 

HPLC. HPLC chromatogram of the EtOAc fraction showed the three compounds 1, 131, 

and 132 (Appendix 123). The HPLC chromatogram also indicated the presence of highly 
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polar compounds which are very difficult to isolate using silica gel column 

chromatography. Characterizations of the isolated compounds is discussed in the following 

section. 

 

3.5.3. Characterization of Compounds Isolated from the EtOAc-Soluble Portion of 

the DCM:MeOH Extract of the Leaves of Rhus natalensis 

 

Compound 1 was identified as the common flavonoid quercetin119 based on its spectral 

data. Quercetin was also obtained from the leaves R. glutinosa as described in Section 

3.4.3. 

 

 

 
 R R1 R2 R3 

1 OH OH OH H 
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OH 

 

OH 
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Figure 18: Compounds isolated from the leaves R. natalensis. 
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3.5.3.1. Characterization of Compound 131 
 

 
 

 

 

 

Compound 131 was obtained as a light-yellow powder with melting point 238.0 ‒ 240.0 

 

°C. The UV-Vis spectrum in MeOH (Appendix 128) displayed characteristic absorption 

maximum for a flavone moiety (λmax, 257 and 359 nm).108 Furthermore, the IR spectrum 

(Appendix 127) in KBr of 131 indicated the presence of hydroxy (3475 cm‒1), carbonyl 

(1656 cm‒1), conjugated diene (1599 cm‒1) and phenyl (1509 cm‒1) functionalities. 

The 13C-NMR (Appendix 125) of 131 showed 20 carbon resonances which are attributed 

to ten quaternary (seven of which are oxygenated and one is a conjugated carbonyl), nine 

methine and one methylene carbon atoms based on the DEPT-135 NMR spectrum 

(Appendix 126). The 1H-NMR spectrum of 131 (Table 47 and Appendix 124) revealed two 

meta-coupled aromatic protons of the 5,7-disubstituted ring A at δ 6.21 (d, J = 2.00 Hz, H- 

6) and 6.41 (d, J = 2.00 Hz, H-8); an ABX120 pattern corresponding to three aromatic 

protons of the 3′,4′-disubstituted B ring at δ 7.51 (d, J = 2.28 Hz, H-2′), 7.67 (dd, J = 8.44, 

2.16 Hz, H-6′) and 6.84 (d, J = 8.60 Hz, H-5′), and one chelated OH group at δ 12.66 (s, 5- 

OH). The above 1H-NMR data indicates the presence of a quercetin (1) moiety.119 The 1H- 

NMR data also revealed the presence of a sugar moiety attached to quercetin (1). The 

anomeric proton resonance at δ 5.28 (d, J = 5.32 Hz, H-1′′) indicates the α-configuration 
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of the sugar. The remaining five aliphatic proton resonances appeared in the range of δ 

 

3.22 – 3.76 due to H-2′′ to H-5′′ of the sugar unit. 

 

The 3-O-glycosidic nature of 131 was determined from its 13C-NMR data. The spectrum 

revealed downfield shifts of the signals corresponding to C-2, C-4, C-5 and C-10 by 9.24, 

2.31, 0.27, and 1.14 ppm, respectively, and an upfield shift of the signal due to C-3 by 1.66 

ppm corresponding to the spectrum of the aglycone, quercetin (1, Table 32).122 Thus, 

compound 131 was identified as quercetin 3-O-α-arabinopyranoside (guaijaverin, Figure 

18) based on the above spectroscopic data and is reported herein for the first time from a 

Rhus species. Comparison of the NMR data of 131 with those reported in the literature for 

guaijaverin121 revealed a very close agreement. 

Table 47: The 1H-NMR data (δppm) of compound 131. 
 

 
131 

(DMSO-d6, 400 MHz) 

Lit.121 

(MeOD-d4, 500 MHz) 

12.66 (1H, s, 5-OH) ‒ 

6.21 (1H, d, J = 2.00 Hz, H-6) 6.20 (1H, d, J = 2.0 Hz, H-6) 

6.41 (1H, d, J = 2.00 Hz, H-8) 6.39 (1H, d, J = 2.0 Hz, H-8) 

7.51 (1H, d, J = 2.28 Hz, H-2′) 7.73 (1H, d, J = 2.0 Hz, H-2′) 

6.84 (1H, d, J = 8.60 Hz, H-5′) 6.86 (1H, d, J = 8.4 Hz, H-5′) 

7.67 (1H, dd, J = 8.44, 2.16 Hz, H-2′) 7.57 (1H, dd, J = 8.4, 2.0 Hz, H-2′) 

5.28 (1H, d, J = 5.32 Hz, H-1′′) 5.15 (1H, d, J = 6.4 Hz, H-1′′) 

3.76 (1H, dd, J = 7.20, 5.16 Hz, H-2′′) 3.89 (1H, dd, J = 8.2, 6.4 Hz, H-2′′) 

3.51 (1H, dd, J = 7.20, 3.40 Hz, H-3′′) 3.64 (1H, dd, J = 8.2, 3.1 Hz, H-3′′) 

3.62 (1H, m, H-4′′) 3.81 (1H, m, H-4′′) 

3.62 (1H, m, H-5′′) 

3.22 (dd, J = 11.36, 2.52 Hz, 1H, H-5′′) 

3.81 (1H, m, H-5′′) 

3.43 (1H, dd, J = 13.5, 3.1 Hz, H-5′′) 
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Table 48: The 13C-NMR data (δppm) of compound 131. 
 

 

C 
131 

(DMSO-d6, 100 MHz) 

Lit.121 

(MeOD-d4, 125 MHz) 

2 156.73 158.7 

3 134.20 135.7 

4 177.99 179.5 

5 161.68 163.1 

6 99.12 99.9 

7 164.63 166.0 

8 93.96 94.7 

9 156.73 158.4 

10 104.37 105.7 

1′ 121.35 123.1 

2′ 116.19 117.5 

3′ 145.45 146.0 

4′ 149.05 150.0 

5′ 115.82 116.2 

6′ 122.56 122.9 

1′′ 101.84 104.6 

2′′ 72.09 74.1 

3′′ 71.17 72.9 

4′′ 66.52 69.1 

5′′ 64.74 66.9 

 
 

3.5.3.2. Characterization of Compound 132 
 

 

 

 

 

Compound 132 was isolated as a yellow powder (m. p. 257.8 ‒ 259.5 °C). The UV-Vis 

spectrum (Appendix 135) in MeOH showed two absorption maxima at 270 and 339 nm 
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characteristic of a flavone moiety, while the IR spectrum (Appendix 134) showed the 

hydroxy (3414 cm‒1) and carbonyl (1655 cm‒1) functionalities in the molecule.108 

A total of 21 carbon signals were observed in the 13C-NMR spectrum of 132 (Appendix 

130). Based on the DEPT-135 and HSQC spectra (Appendix 131 and Appendix 132) the 

signals were attributed to one conjugated carbonyl (δ 182.57 (C-4)), seven quaternary 

aromatic carbons (δ 104.49 (C-10), 105.08 (C-8), 122.07 (C-1′), 156.47 (C-9), 160.86 (C- 

5), 161.62 (C-4′), and 163.08 (C-7)), two olefinic carbons (δ 102.91 (C-3) and 164.41 (C- 

2)), five aromatic methine carbons (δ 98.61 (C-6), 116.28 (C-3′, 5′) and 129.44 (C-2′, 6′)), 

one anomeric methine carbon (δ 73.37 (C-1′′)) typical of a C-glucopyranosyl moiety,122 

and five sugar carbon atoms (δ 61.74 (C-6′′), 70.99 (C-4′′), 71.96 (C-2′′), 78.65 (C-3′′) and 

82.31 (C-5′′)). 

The 1H-NMR data of compound 132 (Table 49 and Appendix 129) showed a down-field 

signal at δ 13.18 (s) indicating a chelated OH group at C-5, four aromatic proton resonances 

of an AA′XX′ spin system110 of the 4′-substituted B-ring at δ 8.03 (2H, d, J = 8.84 Hz, H- 

2′/H-6′) and 6.89 (2H, d, J = 8.84 Hz, H-3′/H-5′), two aromatic proton singlets at δ 6.79 (s, 

1H, H-3) and 6.28 (s, 1H, H-6), and the signal due to the anomeric proton of the C- 

glycoside at δ 4.69 (d, J = 9.84 Hz, 1H). The remaining six proton resonances in the range 

between δ 3.25 and 3.84 were assigned to the glycoside unit as shown in Table 49. 

The HMBC correlations (Appendix 133) of H-3 (δ 6.79) to C-1' (δ 122.07), C-2 (δ 164.41), 

C-4 (δ 182.57) and C-10 (δ 104.49), and correlations of H-6 (δ 6.28) to C-5 (δ 160.86), C- 

7 (δ 163.08), C-8 (δ 105.08) and C-10 (δ 104.49) were used to confirm that the signals at 

δ 6.79 and 6.28 are due to the protons at C-3 and C-6, respectively. The fact that the B-ring 
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hydroxy group is attached to C-4′ was confirmed by using the HMBC correlations of H-2′ 

(δ 8.03) and H-3′ (δ 6.89) to C-4′ (δ 161.62). In addition, the HMBC correlations of H-1′′ 

(δ 4.69) to C-7 (δ 163.08), C-8 (δ 105.08) and C-9 (δ 156.47) were used to establish the 

position of the C-glucopyranosyl unit at C-8. The above spectroscopic data allowed for the 

identification of 132 as apigenin 8-C-β-glucopyranoside (vitexin, Figure 18). Comparison 

of the NMR data of 132 with those reported in the literature for vitexin139 revealed a very 

close agreement as depicted in Table 49 and Table 50. This is the first report of vitexin 

(132) from a Rhus species. However, vitexin (132) was reported from various plant species, 

including Trollius ledebouri, Colocasia esculenta, and Antidesma ghaesembilla.139-140 

Table 49: The 1H-NMR data (δppm) of compound 132. 
 

 
132 

(DMSO-d6, 400 MHz) 

Lit.139 

(DMSO-d6, 500 MHz) 

6.79 (1H, s, H-3) 6.77 (1H, s, H-3) 

13.18 (1H, s, 5-OH) ‒ 

6.28 (1H, s, H-6) 6.27 (1H, s, H-6) 

8.03 (2H, d, J = 8.84 Hz, H-2′/H-6′) 8.02 (2H, d, J = 8.0 Hz, H-2′/H-6′) 

6.89 (2H, d, J = 8.84 Hz, H-3′/H-5′) 6.89 (2H, d, J = 8.0 Hz, H-3′/H-5′) 

4.69 (1H, d, J = 9.84 Hz, H-1′′) 4.69 (1H, d, J = 10.0 Hz, H-1′′) 

3.84 (1H, t, J = 9.34 Hz, H-2′′) 3.84 (1H, dd, J = 9.0, 10.0 Hz, H-2′′) 

3.25 (1H, m, H-3′′) 3.29 (1H, m, H-3′′) 

3.53 (1H, m, H-4′′) 3.34 (1H, m, H-4′′) 

3.25 (1H, m, H-5′′) 3.26 (1H, m, H-5′′) 

3.53 (1H, m, H-6′′) 

3.77 (1H, dd, J = 5.56, 11.54 Hz, H-6′′) 

3.52 (1H, dd, J = 5.5, 11.0 Hz, H-6′′) 

3.76 (1H, br. d, J = 11.0 Hz, H-6′′) 
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Table 50: The 13C-NMR data (δppm) of compound 132. 
 

 

C 
132 

(DMSO-d6, 100 MHz) 
Lit.139 

(DMSO-d6, 125 MHz) 

2 164.41 163.91 

3 102.91 102.41 

4 182.57 182.04 

5 160.86 160.38 

6 98.61 98.14 
7 163.08 162.68 

8 105.08 104.59 

9 156.47 155.98 

10 104.49 104.00 

1′ 122.07 121.59 

2′ 129.44 128.92 

3′ 116.28 115.80 
4′ 161.62 161.12 

5′ 116.28 115.80 

6′ 129.44 128.92 

1′′ 73.37 73.36 

2′′ 71.96 70.84 

3′′ 78.65 78.65 

4′′ 70.99 70.54 
5′′ 82.31 81.80 

  6′′  61.74  61.28  
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4. Experimental Section 

 

4.1. General Experimental Procedures 

 

All chemicals, reagents and solvents used in this study were analytical/HPLC grade and 

purchased from Sigma-Aldrich, Germany. All other chemicals were purchased from Fisher 

Scientific, UK. Optical rotations were determined with a AUTOPOL IV automatic 

polarimeter. UV-vis and FT-IR spectra were determined using a UV-T60 

spectrophotometer and a Perkin-Elmer Spectrum 65 instrument in the range 4000 ‒ 200 

cm‒1, respectively. Melting point was recorded using a METTLER TOLEDO FP82HT hot 

stage coupled with a METTLER TOLEDO FP90 central processor. Gas chromatography- 

mass spectrometry (GC-MS) experiments were conducted on Agilent Technologies 7820A 

GC system coupled with Agilent Technologies 5977E MSD, USA. Chromatographic peaks 

were identified by using NIST 2014 mass spectral library search and retention index (I) 

calculation. 1H- and 13C-NMR spectra were recorded on a Bruker Avance 400 NMR 

spectrometer at 400.13 and 100.60 MHz, respectively. High-resolution electrospray 

ionization mass spectra (HRESIMS) were carried out in the positive ion mode on Agilent 

G6520A Q-TOF LC-MS and the samples were run with 90% MeOH with 0.04% formic 

acid and 10% water with 0.04% formic acid at 0.3 mL/minute. X-ray crystal structure 

analysis was performed using a Bruker D8 VENTURE area detector diffractometer. 

Column chromatography was performed using silica gel 60 (Merck), particle size 0.063 ‒ 

0.200 (70 ‒ 230 mesh ASTM) and Sephadex LH-20 (GE Healthcare Bio-Sciences AB, 

Sweden). Preparative thin-layer chromatography (PTLC) was carried out on acid-washed 

silica gel with 254 nm fluorescent indicator (Sigma-Aldrich, Germany) pre-coated on glass 

(20 × 20 cm). Thin-layer chromatography (TLC) was performed with Merck Kieselgel 60 
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F254 precoated plates which were visualized under UV light and by spraying with vanillin 

(1.0 g vanillin with 5% H2SO4 in MeOH) and cerium molybdate stain (ammonium 

molybdate (12.0 g), ceric ammonium molybdate (0.5 g), and conc. H2SO4 (15.0 mL) in 

distilled water (235.0 mL)) followed by heating for a few seconds. 

 

4.2. Plant Material 

 

Cyperus esculentus 

 

The rhizomes of Cyperus esculentus L. were collected from Yabelo city, Borena Zone, 

Oromia regional state, Ethiopia. The plant specimen was identified by the Department of 

Plant Sciences, Addis Ababa University, Addis Ababa, Ethiopia. A voucher specimen (No. 

Mel-001) was deposited at the National Herbarium, Addis Ababa University, Addis Ababa, 

Ethiopia. 

Carissa spinarum 

 

The roots of Carissa spinarum were collected from Harbu city, Wollo, Ethiopia. The plant 

specimen was identified by the Department of Plant Sciences, Addis Ababa University, 

Addis Ababa, Ethiopia. A voucher specimen (No. Mel-004) was deposited at the National 

Herbarium, Addis Ababa University, Addis Ababa, Ethiopia. 

Melilotus officinalis 

 

M. officinalis was grown in the garden of Chemistry Department, Addis Ababa University, 

Addis Ababa, Ethiopia. A voucher specimen (No. Mel-003) was identified and deposited 

at the National Herbarium, Addis Ababa University, Addis Ababa, Ethiopia. 
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Rhus glutinosa 

 

The leaves of R. glutinosa were collected from Gulele Botanical Garden, Addis Ababa, 

Ethiopia, on October 27, 2018. A voucher specimen (No. Mel-002) was identified by the 

Department of Plant Sciences, Addis Ababa University, Addis Ababa, Ethiopia, and 

deposited at the National Herbarium, Addis Ababa University, Addis Ababa, Ethiopia. The 

plant material was stored in a freezer until extraction. 

Rhus natalensis 

 

The leaves of R. natalensis were collected from Yabelo area, Borena Zone, Oromia 

regional state, Ethiopia. A voucher specimen (No. Mel-005) was identified and deposited 

at the National Herbarium, Addis Ababa University, Addis Ababa, Ethiopia. 

 

4.3. Extraction and Characterization 

 

4.3.1. Extraction and Characterization of Compounds from the Rhizomes of Cyperus 

esculentus 

 

4.3.1.1. Extraction of Essential Oil by Hydrodistillation 

 

The dried rhizomes of Cyperus esculentus were ground and subjected to hydrodistillation 

following the method described by Costa et. al.10 Thus, the powdered plant material (1.0 

kg) was placed in a distillation flask containing distilled water (2.0 L) and the flask was 

then attached to a Clevenger apparatus which was connected to a condenser. The contents 

of the flask were heated to boiling on a heating mantle and hydrodistillation continued for 

8 h after initial boiling. The essential oil (5.6 mL) was collected, dried over anh Na2SO4, 

filtered, and then stored until analysis by GC-MS. The essential oil (1.0 mL) was 
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partitioned between MeOH (2.0 mL) and n-hexane (2.0 mL) and both the MeOH and n- 

hexane fractions were analyzed by GC-MS. 

Retention index (I) was calculated for the different components in the essential oil of 

Cyperus esculentus. For retention index calculation, a mixture of n-alkanes (C9 ‒ C23) was 

injected and analyzed using the same experimental condition as that of the essential oil 

analysis. The retention indices of the different components were then calculated according 

to the van den Dool and Kratz relationship (Equation 1).141 

 
 

𝑅𝑡(𝑢𝑛𝑘𝑛𝑜𝑤𝑛) − 𝑅𝑡(𝑛) 
𝐼 = 100𝑛 + 100( ) 

𝑅𝑡(𝑛+1) − 𝑅𝑡(𝑛) 
---------------------------- Equation 1 

 
 

where I is retention index of the analyte, n is the number of carbon atoms of the n-alkane 

eluting immediately before the analyte, Rt(unknown) is the retention time of the analyte, Rt(n) 

and Rt(n+1) are the retention times of the reference n-alkanes eluting immediately before and 

after the analyte, respectively. 

 

4.3.1.2. Characterization of the Essential Oil from the Rhizomes of Cyperus esculentus 

 

The mixture of n-alkanes and the essential oil obtained from the rhizomes of Cyperus 

esculentus were analyzed by using an Agilent Technology 7820A GC system coupled with 

an Agilent Technology 5977E MSD system equipped with an autosampler. The 

chromatographic separation was done on a column 30 m in length and 0.25 µm in thickness 

coated with HP-5MS, (5%-phenyl)-methylpolysiloxane, at a pressure of 8 psi and a flow 

rate of 0.97989 mL/min. Ultra-high pure helium (99.999%) was used as carrier gas at 

constant flow mode. An Agilent G4567A autosampler was used to inject 1 μL of the sample 
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with a splitless injection mode into the inlet heated to 275 ºC with a total run time of 29.33 

min. Oven temperature was programmed with the initial column temperature of 60 ºC and 

hold-time 2 min. The column temperature was increased at a rate of 10 ºC/min until the 

temperature reached 200 ºC and then heated again at the rate of 3 ºC/min until the 

temperature reached 240 ºC. No mass spectra were collected during the first 4 min of the 

solvent delay. The transfer line and the ion source temperatures were 280 ºC and 230 ºC, 

respectively. The detector voltage was 1600 V and the electron energy was 70 eV. Mass 

spectral data were collected from 40 – 650 m/z. The names, structures, and qualities of 

peaks were determined through National Institute of Standards and Technology (NIST) 

2014 library search and retention index (I) calculation. 

 

4.3.1.3. Solvent Extraction of the Rhizomes of Cyperus esculentus 

 

The dried rhizomes of Cyperus esculentus L. (1.0 kg) were pulverized and extracted first 

with n-hexane (3.5 L) for 24 h, and the n-hexane was removed under reduced pressure to 

yield a crude extract (11.3 g). The marc left after extraction with n-hexane was further 

extracted with EtOAc (3.5 L) for another 24 h, and the EtOAc was removed to yield a crude 

extract (19.7 g). The marc left after removal of the EtOAc was finally extracted with MeOH 

(3.5 L) for 24 h, and then the MeOH was removed under reduced pressure to yield a crude 

extract (50.9 g). 

 

4.3.1.4. DPPH Radical Scavenging Assay of the Ethyl Acetate Extract of the 

Rhizomes of Cyperus esculentus 

 

The DPPH radical scavenging assay is a simple method for quantifying antioxidants by 

measuring absorbance at 517 nm due to the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
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radical.142 The radical scavenging activity of the EtOAc extract of the rhizomes of Cyperus 

esculentus was assessed using DPPH according to the procedure described by Hoque et. 

al.143 The extract was first dissolved in MeOH to afford 1.0 mg/mL solution. It was then 

serially diluted in MeOH to give concentrations of 500.00, 250.00, 125.00, 62.50, 31.25, 

15.63 and 7.81 µg/mL. To 1.0 mL of each solution, 4.0 mL of 0.004% DPPH solution in 

MeOH was added to make 100.00, 50.00, 25.00, 12.50, 6.25, 3.13 and 1.56 µg/mL 

solutions. The mixtures were shaken vigorously and left to stand in the dark for 30 min. 

The absorbance of the samples was then recorded at 517 nm using a UV-Vis 

spectrophotometer. The radical scavenging activity of the extract was measured in relation 

to ascorbic acid (a known antioxidant) standards. All measurements were performed in 

triplicates and the percentage DPPH inhibition of the extract and ascorbic acid standards 

were calculated using Equation 2. 

 
 

Acontrol − Aextract 
% DPPH inhibition = × 100 

Acontrol 
---------------------------- Equation 2 

 

 

where Acontrol is the absorbance of DPPH solution in MeOH and Aextract is the absorbance 

of the test sample plus DPPH solution. 

 

4.3.1.5. Fractionation of the Ethyl Acetate Extract of the Rhizomes of Cyperus 

esculentus 

 

The EtOAc crude extract (8.0 g) was fractionated over a column of silica gel (80.0 g) using 

a gradient of EtOAc in n-hexane (0:100 → 100:0, v/v) to furnish a total of 111 fractions. 

The fractions were combined based on their TLC profiles into thirteen fractions (CE-1 to 

CE-13). Purification of fraction CE-3 (145.6 mg) by PTLC using pet ether:EtOAc (95:5, 
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v/v) as eluent gave compound 113 (16.4 mg). Fraction CE-4 (965.0 mg) was subjected to 

column chromatography over silica gel (40.0 g) using a gradient of EtOAc in pet ether 

(0:100 ⭢ 5:95, v/v) to give 72 subfraction which were combined into four groups (CE-4- 

1 to CE-4-4) based on their TLC profiles. Subfraction CE-4-3 (311.5 mg) was further 

fractionated by PTLC using pet ether:EtOAc (96:4, v/v) as eluent to give compound 12 

(23.4 mg). Fraction CE-7 (170.7 mg) was subjected to column chromatography over 

Sephadex LH-20 using MeOH as eluent to yield two subfractions (CE-7-1 to CE-7-2). 

Purification of subfraction CE-7-2 (109.0 mg) by PTLC using pet ether:EtOAc (94:6, v/v) 

as eluent gave compound 114 (20.9 mg). Crystallization of fraction CE-13 (102.5 mg) from 

EtOAc afforded compound 115 (21.0 mg) as white crystals. 
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𝐷 

4.3.1.6. Physical and Spectroscopic Data of Compounds Isolated from the Ethyl 

Acetate Extract of the Rhizomes of Cyperus esculentus 

 

Caryophyllene Oxide (113): Colorless crystals, m. p. 62.5 ‒ 63.9 °C, Lit.93 m. p. 64.0 °C; 

IRν (KBr, cm‒1): 3430, 2926, 2855, 1737, 1463, 1384; 1H-NMR (400 MHz, CDCl3, δ, 

ppm): 4.99 (1H, d, J = 2.00 Hz, H-13a), 4.88 (1H, d, J = 1.80 Hz, H-13b), 2.90 (1H, dd, J 

= 10.60, 4.04 Hz, H-5), 2.64 (1H, q, J = 9.41 Hz, H-9), 2.36 (1H, m, H-7a), 2.27 (1H, m, 

 

H-6a), 2.13 (2H, m, H-3a, H-7b), 1.78 (1H, t, J = 9.72 Hz, H-1), 1.68 (3H, m, H-2a, H-10), 

 

1.46 (1H, m, H-2b), 1.37 (1H, m, H-6b), 1.22 (3H, s, Me-12), 1.02 (3H, s, Me-14), 1.00 

 

(3H, s, Me-15), 0.97 (1H, m, H-3b). 13C-NMR (100 MHz, CDCl3, δ, ppm): 151.85 (C-8), 
 

112.78 (C-13), 63.78 (C-5), 59.86 (C-4), 50.71 (C-1), 48.75 (C-9), 39.75 (C-10), 39.14 (C- 

 

3), 34.04 (C-11), 30.21 (C-6), 29.90 (Me-15), 29.77 (C-7), 27.21 (C-2), 21.62 (Me-14), 

 

17.01 (Me-12).92 

 
Cyperotundone (12): Colorless crystals, m. p. 36.0 ‒ 38.0 °C, Lit.94 m. p. 38.0 ‒ 40.0 °C; 

 
[𝛼]25 − 2.350 (c 0.085, MeOH); UV (MeOH, λmax, nm): 246; IRν (KBr, cm‒1): 2928, 2873, 

 

1707, 1666, 1464, 1371, 1277, 1168, 1056; 1H-NMR (400 MHz, CDCl3, δ, ppm): 2.60 (1H, 
 

dd, J = 18.92, 7.32 Hz, H-6a), 2.31 (1H, d, J = 18.96 Hz, H-6b), 2.18 (2H, m, H-2a, H-10), 

 

1.98 (3H, m, H-2b, H-7, H-8a), 1.73 (3H, s, Me-14), 1.60 (1H, dt, J = 15.16, 6.32 Hz, H- 

 

9a), 1.42 (1H, m, H-8b), 1.11 (3H, s, Me-12), 1.02 (1H, m, H-9b), 0.75 (3H, s, Me-13), 

 

0.62 (3H, d, J = 6.44 Hz, Me-15). 13C-NMR (100 MHz, CDCl3, δ, ppm): 211.06 (C-3), 
 

181.81 (C-5), 133.38 (C-4), 58.70 (C-1), 45.35 (C-7), 41.63 (C-11), 41.16 (C-2), 33.72 (C- 

 

10), 30.49 (C-6), 28.37 (C-9), 27.00 (C-8), 24.84 (Me-13), 19.58 (Me-12), 16.83 (Me-15), 

 

8.35 (Me-14).94 
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𝐷 

Corymbolone (114): Colorless crystals, m. p. 135.0 ‒ 136.8 °C, Lit.96 m. p. 136.5 ‒ 137.0 

 
°C; [𝛼]25 + 17.480 (c 0.88, MeOH); IRν (KBr, cm‒1): 3435, 2927, 2857, 1737, 1709, 1644, 

 

1456, 1384, 1279, 1260, 1172, 1087, 1044, 1028, 887; 1H-NMR (400 MHz, CDCl3, δ, 

ppm): 4.75 (2H, s, H-12), 2.69 (1H, m, H-2a), 2.38 (3H, m, H-2b, H-6, H-7), 1.90 (3H, m, 

H-3a, H-4, H-9a), 1.76 (3H, s, Me-13), 1.69 (2H, m, H-6b, H-8b), 1.60 (1H, m, H-3b), 1.45 

 

(1H, ddd, J = 13.83, 3.85, 2.09 Hz, H-9b), 1.38 (1H, dd, J = 12.76, 3.92 Hz, H-8a), 1.25 

 

(3H, s, Me-14), 1.20 (3H, d, J = 7.56 Hz, Me-15). 13C-NMR (100 MHz, CDCl3, δ, ppm): 
 

216.20 (C-1), 149.59 (C-11), 108.89 (C-12), 78.65 (C-5), 51.26 (C-10), 40.55 (C-4), 39.32 

 

(C-7), 37.20 (C-9), 34.26 (C-2), 30.17 (C-3), 28.02 (C-6), 25.47 (C-8), 21.15 (C-13), 20.4 

 

(C-14), 17.77 (C-15).96-97 

 
Tricyclohumuladiol (115): White crystalline powder, m. p. 159.0 ‒ 161.0 °C, Lit.98 m. p. 

160.0 ‒ 162.0 °C; IRν (KBr, cm‒1): 3326, 2947, 1459, 1383, 1135, 1075, 1013, 964, 897; 

HRESIMS m/z 221.1918 [M – H2O + H]+ (calculated for C15H25O, 221.1905, ∆ 0.0013 

mmu); 1H-NMR (400 MHz, CDCl3, δ, ppm): 3.25 (1H, dd, J = 5.20, 11.20 Hz, H-5), 1.98 

(1H, dt, J = 8.00, 2.80 Hz, H-9), 1.89 (1H, m, H-6a), 1.81 (2H, m, H-7), 1.65 (1H, m, H- 

 

6b), 1.57 (1H, dd, J = 8.00, 10.00 Hz, H-10a), 1.39 (1H, t, J = 10.40 Hz, H-10b), 1.14 (3H, 

 

s, Me-14), 1.13 (3H, s, Me-15), 1.08 (1H, d, J = 10.80 Hz, H-1), 1.05 (3H, s, Me-12), 1.02 

 

(3H, s, Me-13), 0.70 (1H, ddd, J = 10.90, 7.90, 5.30 Hz, H-2), 0.49 (1H, dd, J = 4.60, 7.80 

 

Hz, H-3a), 0.23 (1H, t, J = 5.00 Hz, H-3b). 13C-NMR (100 MHz, CDCl3, δ, ppm): 74.40 

(C-5), 73.57 (C-8), 49.03 (C-9), 48.20 (C-1), 39.83 (C-7), 33.98 (C-10), 33.56 (C-11), 

30.44 (C-6), 30.38 (C-13), 24.16 (C-2), 22.14 (C-12), 19.99 (C-4), 19.90 (C-14), 18.44 (C- 

 

3), 17.30 (C-15).98 



114 
 

4.3.2. Extraction and Characterization of Compounds from the Roots of Carissa 

spinarum 

 

4.3.2.1. Extraction of Essential Oil from the Roots of Carissa spinarum by 

Hydrodistillation 

 

The essential oil of the roots of Carissa spinarum was extracted by hydrodistillation 

following the procedure described by Costa et. al.10 Thus, powdered roots of Carissa 

spinarum (300.0 g) and distilled water (500.0 mL) were placed in a distillation flask which 

was attached to a Clevenger apparatus and a condenser and the mixture was heated to 

boiling. After 8 h, the essential oil (1.5 mL) was collected, dried over anh Na2SO4, filtered 

and then analyzed by GC-MS. 

 

4.3.2.2. Collection of the Smoke from Burnt Roots of Carissa spinarum and DPPH 

Radical Scavenging Assay 

 

Dried and powdered roots of Carissa spinarum (300.0 g) were burned using an electrical 

stove (Figure 19) and the smoke was collected using an inverted funnel fitted with a rubber 

tube. The smoke was allowed to pass thorough a suction flask (250.0 mL) containing 

MeOH (100.0 mL) which in turn was connected to another 250.0 mL suction flask that 

contained n-hexane (100.0 mL). The side arm of the n-hexane-containing flask was 

attached to a water aspirator in order to help draw the smoke from the smoker into the 

solvents. The MeOH and n-hexane solutions were dried over anh Na2SO4, filtered and the 

solvents were removed under reduced pressure to yield methanol (2.5 g) and n-hexane 

(441.4 mg) residues which were then analyzed by GC-MS. 
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Figure 19: Smoke trapping setup (Photo by Melaku Assefa) 

 

The retention index (I) of the different components in the smoke derived from the roots of 

Carissa spinarum was calculated by analyzing a mixture of n-alkanes under the same 

experimental condition as that of the smoke analysis and using the van den Dool and Kratz 

relationship (Equation 1, Section 4.3.1.1).141 The radical scavenging activity of the MeOH- 

soluble fraction of the smoke derived from the roots of Carissa spinarum was assessed 

using DPPH according to the procedure described in Section 4.3.1.4. 

 

4.3.2.3. GC-MS Characterization of the Essential Oil and Smoke Derived from the 

Roots of Carissa spinarum 

 

The essential oil and smoke obtained by burning the roots of Carissa spinarum were 

analyzed by using an Agilent Technology 7820A GC system coupled with an Agilent 
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Technology 5977E MSD equipped with an autosampler. The chromatographic separation 

was done on a DB-1701, (14%-cyanopropyl-phenyl)-methylpolysiloxane, column (30 × 

0.25 µm) at a pressure of 8 psi and a flow rate 0.97989 mL/min. Ultra-high pure helium 

(99.999%) was used as carrier gas at constant flow mode. An Agilent G4567A autosampler 

was used to inject 1 μL of the sample with a splitless injection mode into the inlet heated 

to 275 ºC with a total run time of 29.33 min. Oven temperature was programmed with the 

initial column temperature of 60 ºC and hold-time of 2 min. The column temperature was 

increased at a rate of 10 ºC/min until the temperature reached 200 ºC and then heated again 

at the rate of 3 ºC/min until the temperature reached 240 ºC. No mass spectra were collected 

during the first 4 min of the solvent delay. The transfer line and the ion source temperatures 

were 280 ºC and 230 ºC, respectively. The detector voltage was 1600 V and the electron 

energy was 70 eV. Mass spectral data were collected from 40 – 650 m/z. The names, 

structures, and qualities of peaks were determined through NIST 2014 library search and 

retention index (I) calculation. 

 

4.3.3. Extraction and Characterization of the Seeds of Melilotus officinalis 

 

4.3.3.1. Solvent Extraction and DPPH Radical Scavenging Assay of the Seeds of 

 

Melilotus officinalis 

 

The dried and ground seeds of M. officinalis (100.0 g) were Soxhlet-extracted with n- 

hexane (300.0 mL) for 8 h. The n-hexane was removed under reduced pressure to yield a 

yellow oil (2.1 g). The marc left after n-hexane extraction was further extracted with MeOH 

(300.0 mL) for another 8 h and the MeOH was removed under reduced pressure to yield a 
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brown residue (9.3 g). The DPPH radical scavenging activity of the MeOH extract of the 

seeds of M. officinalis was assessed following the procedure described in Section 4.3.1.4. 

 

4.3.3.2. Preparation of Fatty Acid Methyl Esters (FAMEs) 

 

The n-hexane extract of the seeds of M. officinalis (0.5 g) was placed in a 50.0 mL round 

bottom flask fitted with a condenser and 2% methanolic KOH (3.0 mL) was added. The 

mixture was heated at 50 °C for 30 min on a water bath with continuous shaking. The 

reaction mixture was cooled to room temperature and transferred to a separatory funnel. 

Saturated NaCl (1.0 mL) was added and the mixture was extracted with pet ether (15.0 

mL). The organic layer was separated, dried over anh Na2SO4, filtered and concentrated to 

yield the esterified product (150.9 mg) which was analyzed by GC-MS. The esterified n- 

hexane extract was also partitioned between n-hexane (2.0 mL) and MeOH (2.0 mL) and 

the n-hexane portion was then analyzed by GC-MS. 

 

4.3.3.3. Preparation of Methyl Palmitate Standard 

 

To determine the concentrations of the different components in the n-hexane extract of the 

seeds of M. officinalis, methyl palmitate standards were used. Methyl palmitate was 

prepared by Fischer esterification144 of palmitic acid. Thus, in a 50.0 mL round bottom 

flask equipped with a reflux condenser, palmitic acid (1.0 g) was dissolved in MeOH (10.0 

mL) and then conc. H2SO4 (1.0 mL) was carefully added. The mixture was heated on a 

water bath at 50 ºC for 1 h and then cooled to room temperature. Chloroform (30.0 mL) 

was added and the mixture was transferred to a separatory funnel and washed with 

deionized water (30.0 mL). The organic layer was then washed with aqueous NaHCO3 

(30.0 mL) and water (30.0 mL), dried over anh Na2SO4, filtered and concentrated to afford 
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methyl palmitate. Standard solutions of methyl palmitate were prepared at concentrations 

of 1, 10, 25, 50 and 100 ppm and analyzed by GC-MS in triplicates. 

 

4.3.3.4. Characterization of Fatty Acids from the Seeds of Melilotus officinalis 

 

GC-MS analyses of the fatty acid methyl esters were conducted on an Agilent Technology 

7820A GC system coupled with an Agilent Technology 5977E MSD equipped with an 

autosampler. The chromatographic separation was done on a DB-1701 (14%-cyanopropyl- 

phenyl-methylpolysiloxane) column (30 m x 0.25 µm) at a pressure of 8 psi and a flow rate 

of 0.97989 mL/min. Ultra-high pure helium (99.999%) was used as carrier gas at constant 

flow mode. An Agilent G4567A autosampler was used to inject 1.0 μL of the sample with 

a splitless injection mode into the inlet heated to 275 ºC with a total run time of 29.3 min. 

Oven temperature was programmed with the initial column temperature of 60 ºC and hold- 

time 2.0 min. The column temperature was increased to 200 °C at a rate of 10 ºC/min and 

then heated again at a rate of 3 ºC/min until the temperature reached 240 ºC. No mass 

spectra were collected during the first 4 min. of the solvent delay. The transfer line and the 

ion source temperatures were 280 ºC and 230 ºC, respectively. The detector voltage was 

1600 V and the electron energy was 70 eV. Mass spectral data were collected from 40 – 

650 m/z. The names, structures, and qualities of peaks were determined through NIST mass 

spectral library search (Table 14). 

 

4.3.3.5. Fractionation of the MeOH Extract of the Seeds of Melilotus officinalis 

 

The MeOH extract (2.0 g) of the seeds of M. officinalis was first suspended in acetone 

(100.0 mL) and the acetone-insoluble fraction (125.0 mg) was collected by filtration. The 
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acetone insoluble material (50.0 mg) was subjected to column chromatography over 

Sephadex LH-20 using CHCl3:MeOH (2:1) as eluent to yield compound 116 (12.0 mg). 

The MeOH extract (2.0 g) was dissolved in MeOH:H2O (1:1) (200.0 mL) and then 

extracted with EtOAc (300.0 mL). Removal of the solvent under reduced pressure afforded 

a gummy residue (650.0 mg). The EtOAc-soluble material (55.0 mg) was purified by PTLC 

using pet ether:EtOAc (90:10) as eluent to yield compound 65 (15.8 mg). 

 

4.3.3.6. Physical and Spectroscopic Data of Compounds 65 and 116 

 

1,2-Benzopyrone (Coumarin) (65): White powder, m. p. 70 ‒ 71 °C, Lit.105 m. p. 70.0 ‒ 

72.0 °C; UV (MeOH, λmax, nm): 274; IRν (KBr, cm‒1): 2960, 2929, 2858, 1730, 1288, 1274, 

1123, 1073, 743; 1H-NMR (400 MHz, CDCl3, δ, ppm): 7.74 (1H, d, J = 9.60 Hz, H-4), 
 

7.54 (2H, m, H-6, H-8), 7.34 (2H, m, H-5, H-7), and 6.46 (1H, d, J = 9.60 Hz, H-3). 13C- 

 

NMR (100 MHz, CDCl3, δ, ppm): 160.75 (C-2), 154.11 (C-9), 143.38 (C-4), 131.83 (C-7), 
 

127.84 (C-5), 124.41 (C-6), 118.86 (C-10), 116.94 (C-3), 116.76 (C-8).105 

 
Cis-Coumaric Acid-2-O-β-Glucopyranoside (cis-Melilotoside) (116): White crystals, m. 

p. 126.0 ‒ 127.0 °C, Lit.102 m. p. 126.1 ‒ 127.3 °C; UV (MeOH, λmax, nm): 261; IRν (KBr, 

cm‒1): 3391, 2926, 2856, 1691, 1636, 1488, 1455, 1240, 1075, 1043, 760; 1H-NMR (400 

MHz, D2O, δ, ppm): 7.34 (1H, d, J = 8.00 Hz, H-6), 7.30 (1H, d, J = 8.00 Hz, H-4), 7.12 

(1H, d, J = 8.00 Hz, H-3), 7.09 (1H, d, J = 12.00 Hz, H-7), 7.03 (1H, t, J = 8.00 Hz, H-5), 
 

6.05 (1H, d, J = 12.00 Hz, H-8), 5.05 (1H, d, J = 7.20 Hz, H-1′), 3.84 (1H, dd, J = 12.40, 

 

2.30 Hz, H-6′), 3.67 (1H, dd, J = 12.40, 5.40 Hz, H-6′), 3.53 (3H, m, H-2′, H-3′, H-5′), 3.42 

 

(1H, m, H-4′). 13C-NMR (100 MHz, D2O, δ, ppm): 171.74 (C-9), 153.81 (C-2), 137.14 (C- 
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7), 130.56 (C-4), 130.09 (C-6), 125.53 (C-1), 122.85 (C-5), 122.02 (C-8), 115.36 (C-3), 

 

100.41 (C-1′), 76.12 (C-3′), 75.71 (C-5′), 72.93 (C-2′), 69.44 (C-4′), 60.58 (C-6′).101-102 

 

4.3.4. Extraction and Characterization of Compounds from the Fresh Leaves of Rhus 

glutinosa 

 

4.3.4.1. Extraction of the Fresh Leaves of Rhus glutinosa and DPPH Radical 

Scavenging Assay 

 

The fresh leaves of R. glutinosa were ground by adding liquid nitrogen and crushing with 

mortar and pestle. The powdered material (1.0 kg) was extracted with DCM:MeOH (1:1, 

2 × 3 L) for 48 h. The combined extract was concentrated under reduced pressure to afford 

a yellow residue (127.7 g). Part of the crude extract (95.4 g) was first dissolved in 

MeOH:H2O (1:1, 200.0 mL) and extracted with n-hexane (3 × 200.0 mL) and then with 

EtOAc (3 × 200.0 mL) to give rise to the EtOAc-soluble fraction (39.5 g). The radical 

scavenging assay of the EtOAc-soluble fraction of the fresh leaves of R. glutinosa was 

assessed following the procedure described in Section 4.3.1.4. 

 

4.3.4.2. Fractionation of Ethyl Acetate Fraction of the Fresh Leaves of Rhus glutinosa 

 

The EtOAc-soluble fraction of the DCM:MeOH (1:1) extract of the leaves R. glutinosa 

(10.0 g) was dissolved in a small quantity of MeOH and mixed with silica gel (10.0 g) to 

prepare a slurry. The slurry was dried in vacuo and loaded on a silica gel (200.0 g) column 

prepared in DCM. The column was run with a gradient of MeOH in DCM (0:100 ⭢ 40:60, 

v/v) to yield a total of 310 fractions and compound 119 (10.9 mg). The different fractions 

were combined into 21 groups (RG‒1 to RG‒21) based on their TLC profiles. 
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Repeated crystallization of fraction RG‒13 (85.6 mg) from CHCl3 and subsequent 

purification by PTLC using DCM as eluent yielded compound 120 (24.9 mg). Purification 

of about 222.5 mg of RG-14 (1.1 g) by column chromatography over silica gel (30.0 g) 

using CHCl3:MeOH (98:2, v/v) as eluent resulted in the isolation of compound 38 (17.4 

mg). Fraction RG‒15 (111.2 mg) was dissolved in MeOH and adsorbed on silica gel (200.0 

mg) and then subjected to column chromatography on silica gel (38.0 g) using 

DCM:MeOH (95:5, v/v) as eluent to afford compounds 121 (15.7 mg) and 122 (27.3 mg). 

About 406.7 mg of fraction RG‒17 (1.3 g) was subjected to column chromatography over 

silica gel (40.0 g) using a gradient of MeOH in DCM (5:95 ⭢ 30:70, v/v) as eluent. A total 

of 90 subfractions were collected and combined into 12 groups (RG‒17‒1 to RG‒17‒12) 

based on their TLC profiles. Subfraction RG‒17‒7 (62.8 mg) was further purified over a 

short column of silica gel (15.0 g) using DCM:MeOH (95:5 and 93:7, v/v) as eluent to give 

compound 123 (8.0 mg). Purification of subfraction RG‒17‒12 (59.1 mg) by 

chromatography over a column of silica gel (12.1 g) using DCM:MeOH (90:10 and 80:20, 

v/v) as eluent also resulted in the isolation of compound 123 (13.8 mg). 

Fraction RG‒18 (3.0 g) was dissolved in MeOH and adsorbed on silica gel (3.0 g) and 

chromatographed over a column of silica gel (83.8 g) using DCM:MeOH (90:10, v/v) as 

eluent to give 12 subfractions (RG‒18-1 to RG‒18-12) and pure compound 1 (16.1 mg). 

Subfraction RG‒18‒10 (538.0 mg) was rechromatographed over a column of silica gel 

(15.0 g) using DCM:MeOH (98:2, v/v) as eluent to yield compound 2 (5.8 mg). Column 

chromatography of fraction RG‒19 (2.2 g) over silica gel (143.7 g) using DCM:MeOH 

(95:5 ⭢ 85:15, v/v) as eluent afforded 11 subfractions RG‒19-1 to RG‒19-11. Column 
 

chromatography of subfraction RG‒19-7 (88.0 mg) over Sephadex LH-20 using 
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CHCl3:MeOH (2:1, v/v) as eluent resulted in the isolation of compound 124 (12.5 mg). 

Repeated crystallization of subfraction RG-19-8 (320.4 mg) from acetone and then from 

MeOH afforded compound 125 (84.1 mg). Purification of subfraction RG‒19-9 (71.2 mg) 

by column chromatography over silica gel (15.0 g) using DCM:MeOH (90:10, v/v) as 

eluent gave compound 126 (9.9 mg). Fraction RG-20 (1.0 g) was chromatographed over 

silica gel (100.0 g) using CHCl3:MeOH (96:4, v/v) as eluent to furnish four subfractions, 

RG-20-1 to RG-20-4. Subsequent purification of subfraction RG-20-4 (134.0 mg) by 

PTLC (CHCl3:MeOH, 90:20, v/v) and then by column chromatography over Sephadex 

LH-20 (100% MeOH) resulted in the isolation of compound 127 (12.1 mg). 
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4.3.4.3. Physical and Spectroscopic Data of Compounds Isolated from the Leaves of 

 

Rhus glutinosa 

 

Pentacosanol (119): White amorphous powder, m. p. 67.0 ‒ 69.0 °C; IRν (KBr, cm‒1): 

3370, 2917, 2849, 1644, 1473, 1463, 1449, 1304, 1245, 1221, 755; HRESIMS m/z 

391.2906 [M+Na]+ (calculated for C25H52NaO, 391.3916, ∆ 0.101 mmu); 1H-NMR (400 

MHz, CDCl3, δ, ppm): 3.66 (2H, t, J = 6.60 Hz, H-1), 1.59 (2H, q, J = 6.80 Hz, H-2), 1.27 

(44H, m, H-3 – H-24), 0.90 (3H, t, J = 6.80 Hz, Me-25). 13C-NMR (100 MHz, CDCl3, δ, 
 

ppm): 63.12, 32.82, 31.94, 29.71, 29.63, 29.45, 29.38, 25.75, 22.70, 14.13. 

 

5,7-Dihydroxy-4′-methoxyflavone (Acacetin) (120): Light yellow powder, m. p. 259.0 ‒ 

260.0 °C, Lit.111 m. p. 254.6 ‒ 257.5 °C; UV (MeOH, λmax, nm): 270, 328; IRν (KBr, cm‒
 

1): 3411, 2924, 2853, 1651, 1627, 1607, 1564, 1510, 1432, 1384, 1240, 1187, 1166, 839, 
 

825; HRESIMS m/z 271.0606 [M ‒ CH3 + H]+ (calculated for C15H11O5, 271.0606, ∆ 
 

0.0000 mmu); 1H-NMR (400 MHz, Acetone-d6, δ, ppm): 13.00 (1H, s, 5-OH), 8.05 (2H, 
 

d, J = 9.20 Hz, H-2′, 6′), 7.15 (2H, d, J = 9.20 Hz, H-3′, 5′), 6.70 (1H, s, H-3), 6.58 (1H, d, 

 

J = 2.00 Hz, H-8), 6.28 (1H, d, J = 2.00 Hz, H-6), 3.93 (3H, s, OCH3-4′). 13C-NMR (100 
 

MHz, Acetone-d6, δ, ppm): 182.20 (C-4), 164.19 (C-2), 163.90 (C-7), 162.84 (C-4′), 
 

162.48 (C-5), 157.94 (C-9), 128.18 (C-2′, 6′), 123.48 (C-1′), 114.51 (3′, 5′), 104.45 (C-10), 

 

103.67 (C-3), 98.9 (C-6), 93.9 (C-8), 55.09 (OCH3-4′).109
 

 
3,5,7,4′-Tetrahydroxyflavone (Kaempferol) (38): Light yellow powder, m. p. 275.3 ‒ 

277.0 °C, Lit.114 m. p. 278.0 ‒ 279.0 °C; UV (MeOH, λmax, nm): 266, 366; IRν (KBr, cm‒
 

1): 3326, 2924, 2853, 1658, 1607, 1511, 1376, 1168; HRESIMS m/z 287.0557 [M+H]+ 
 

(calculated for C15H11O6, 287.0556, ∆ 0.0001 mmu); 1H-NMR (400 MHz, Acetone-d6, δ, 
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𝐷 

𝐷 

ppm): 12.21 (1H, s, 5-OH), 8.18 (2H, d, J = 8.80 Hz, H-2′, 6′), 7.04 (2H, d, J = 8.80 Hz, 

 

H-3′, 5′), 6.56 (1H, d, J = 1.60 Hz, H-8), 6.29 (1H, d, J = 1.60 Hz, H-6). 13C-NMR (100 

 

MHz, Acetone-d6, δ, ppm): 175.73 (C-4), 164.10 (C-7), 161.45 (C-4′), 159.28 (C-9), 
 

156.91 (C-5), 146.13 (C-2), 135.76 (C-3), 129.58 (C-2′, 6′), 122.45 (C-1′), 115.45 (C-3′, 

 

5′), 103.27 (C-10), 98.27 (C-6), 93.61 (C-8).114 

 
6-8′′-Binaringenin (Rhusflavanone) (121): Yellow amorphous powder, m. p. 203.5 ‒ 

205.3 °C, Lit.74h m. p. 206.0 ‒ 208.0 °C; [𝛼]25 − 69.330 (c 0.15, MeOH); UV (MeOH, 

λmax, nm): 224, 296; IRν (KBr, cm‒1): 3430, 3200, 2924, 2853, 1635, 1618, 1401, 1385, 

1170, 1093; HRESIMS m/z 543.1287 [M+H]+ (calculated for C30H23O10, 543.1291, ∆ 
 

0.0004 mmu); 1H-NMR (400 MHz, MeOD-d4, δ, ppm): 7.35 (2H, d, J = 8.40 Hz, H-2′, H- 
 

6′), 7.20 (2H, d, J = 8.40 Hz, H-2′′′, H-6′′′′), 6.83 (2H, d, J = 8.40 Hz, H-3′, H-5′), 6.74 (2H, 

 

d, J = 8.40 Hz, H-3′′′, H-5′′′), 6.05 (1H, s, H-6′′), 6.03 (1H, s, H-8), 5.37 (2H, m, H-2, H- 

 

2′′), 3.11 (2H, m, H-3, H-3′′), 2.73 (2H, m, H-3, H-3′′). 13C-NMR (100 MHz, MeOD-d4, δ, 
 

ppm): 196.88 (C-4), 196.51 (C-4′′), 165.54 (C-7), 165.51 (C-9), 163.39 (C-7′′), 162.69 (C- 

 

9′′), 161.89 (C-5′′), 161.41 (C-4′), 157.59 (C-4′′′), 157.14 (C-5), 130.07 (C-1′), 129.86 (C- 

 

1′′′), 127.68 (C-2′, 6′), 127.14 (C-2′′′, 6′′′), 114.92 (C-3′, 5′), 114.77 (C-3′′′, 5′′′), 102.24 (C- 

 

10′′), 101.89 (C-10), 101.09 (C-8′′), 99.91 (C-6), 95.38 (C-6′′), 94.41 (C-8), 79.15 (C-2), 

 

78.48 (C-2′′), 42.77 (C-3), 42.49 (C-3′′).74h,74i 

 
6-8′′-Naringeninyl Apigenin (Rhusflavone) (122): Light yellow powder, m. p. 238.9 ‒ 

240.1 °C, Lit.74h m. p. 230.0 ‒ 232.0 °C; [𝛼]25 − 100.000 (c 0.13, MeOH); UV (MeOH, 

λmax, nm): 228, 276, 297, 333; IRν (KBr, cm‒1): 3419, 3236, 2924, 2853, 1638, 1610, 1516, 

1450, 1365, 1290, 1239, 1177, 1159, 1090, 833; HRESIMS m/z 541.1135 [M+H]+ 
 

(calculated for C30H21O10: 541.1135, ∆ 0.0000 mmu); 1H-NMR (400 MHz, Acetone-d6, δ, 
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ppm): 13.11 (1H, s, 5-OH), 12.64 (1H, s, 5′′-OH), 7.68 (2H, d, J = 8.80 Hz, H-2′′′, H-6′′′), 

 

7.45 (2H, d, J = 8.40 Hz, H-2′, H-6′), 6.95 (2H, d, J = 8.80 Hz, H-3′, H-5′), 6.92 (2H, d, J 

 

= 8.80 Hz, H-3′′′, H-5′′′), 6.66 (1H, s, H-3′′), 6.42 (1H, s, H-6′′), 6.23 (1H, s, H-8), 5.55 

 

(1H, dd, J = 12.80, 3.00 Hz, H-2), 3.33 (1H, dd, J = 17.00, 12.80 Hz, H-3a), 2.83 (1H, dd, 

J = 17.00, 3.00 Hz, H-3b). 13C-NMR (100 MHz, Acetone-d6, δ, ppm): 196.53 (C-4), 182.60 

(C-4′′), 165.02 (C-7), 164.13 (C-2′′), 163.11 (C-9), 162.78 (C-7′′), 162.67 (C-5), 161.82 
 

(C-5′′), 160.92 (C-4′′′), 157.89 (C-4′), 155.73 (C-9′′), 129.83 (C-1′), 128.25 (C-2′′′, 6′′′), 

 

128.21 (C-2′, 6′), 122.54 (C-1′′′), 115.95 (C-3′′′, 5′′′), 115.35 (C-3′, 5′), 104.66 (C-10′′), 

 

102.90 (C-3′′), 102.39 (C-6), 99.86 (C-10), 98.81 (C-6′′), 98.69 (C-8′′), 94.91 (C-8), 79.16 

 

(C-2), 42.48 (C-3).74h,74i 

 
Quercetin 3-O-α-Arabinofuranoside (Avicularin) (123): Yellow powder, m. p. 198.7 ‒ 

199.6 °C, Lit.114 m. p. 200.0 ‒ 201.0 °C; UV (MeOH, λmax, nm): 257, 299, 354; IRν (KBr, 

cm‒1): 3410, 2959, 2924, 2853, 1654, 1606, 1502, 1384, 1364, 1200, 1113, 948; HRESIMS 
 

m/z 435.0913 [M+H]+ (calculated for C20H19O11: 435.0926, ∆ 0.0014 mmu), 303.0449 ([M 
 

– 132.0419 (pentose unit) + H]+; 1H-NMR (400 MHz, MeOD-d4, δ, ppm): 7.55 (1H, d, J = 

2.00 Hz, H-2′), 7.52 (1H, dd, J = 8.40, 2.00 Hz, H-6′), 6.92 (1H, d, J = 8.40 Hz, H-5′), 6.42 

(1H, d, J = 2.00 Hz, H-8), 6.23 (1H, d, J = 2.00 Hz, H-6), 5.49 (1H, br. s, H-1′′), 4.35 (1H, 

 

dd, J = 3.00, 1.00 Hz, H-2′′), 3.93 (1H, dd, J = 5.20, 3.20 Hz, H-3′′), 3.88 (1H, q, J = 4.50 

 

Hz, H-4′′), 3.52 (2H, dd, J = 4.20, 2.20 Hz, H-5′′). 13C-NMR (100 MHz, MeOD-d4, δ, 

ppm): 178.59 (C-4), 164.65 (C-7), 161.7 (C-5), 157.95 (C-2), 157.17 (C-9), 148.46 (C-4′), 

144.96 (C-3′), 133.52 (C-3), 121.69 (C-1′), 121.57 (C-6′), 115.44 (C-2′), 115.04 (C-5′), 

 

108.13 (C-1′′), 104.23 (C-10), 98.49 (C-6), 93.36 (C-8), 86.61 (C-4′′), 81.91 (C-2′′), 77.29 

 

(C-3′′), 61.13 (C-5′′).114,121,123 
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3,5,7,3′,4′-Pentahydroxyflavone (Quercetin) (1): Yellow powder, m. p. 309.0 ‒ 310.0 

 

°C, Lit.125 m. p. 317.0 ‒ 318.0 °C; UV (MeOH, λmax, nm): 255, 371; IRν (KBr, cm‒1): 3410, 

2924, 2853, 1656, 1616, 1513, 1384, 1367, 1318, 1245, 1209, 1164, 1093, 819; HRESIMS 

m/z 303.0503 [M+H]+ (calculated for C15H10O7: 303.0499, ∆ 0.0002 mmu); 1H-NMR (400 

MHz, Acetone-d6, δ, ppm): 12.20 (1H, s, 5-OH), 7.84 (1H, d, J = 2.20 Hz, H-2′), 7.71 (1H, 

dd, J = 8.50, 2.20 Hz, H-6′), 7.01 (1H, d, J = 8.50 Hz, H-5′), 6.54 (1H, d, J = 2.00 Hz, H- 

 

8), 6.28 (1H, d, J = 2.00 Hz, H-6). 13C-NMR (100 MHz, Acetone-d6, δ, ppm): 175.68 (C- 
 

4), 164.14 (C-7), 161.41 (C-5), 156.87 (C-9), 147.49 (C-2), 146.08 (C-4′), 144.98 (C-3′), 

 

135.86 (C-3), 122.85 (C-1′), 120.55 (C-6′), 115.36 (C-5′), 114.89 (C-2′), 103.23 (C-10), 

 

98.27 (C-6), 93.57 (C-8).119 

 
3,5,7,3′,4′,5′-Hexahydroxyflavone (Myricetin) (2): Light yellow powder, m. p. 320.2 ‒ 

321.9 °C, Lit.125 m. p. 324.0 °C (dec.); UV (MeOH, λmax, nm): 254, 305, 374; IRν (KBr, 

cm‒1): 3392, 2924, 2853, 1660, 1610, 1514, 1453, 1384, 1319, 1206, 1166, 1028; 

HRESIMS m/z 319.0458 [M+H]+ (calculated for C15H11O8: 319.0454, ∆ 0.0004 mmu); 1H- 

NMR (400 MHz, Acetone-d6, δ, ppm): 12.18 (1H, s, 5-OH), 7.44 (2H, s, H-2′, H-6′), 6.53 

(1H, d, J = 2.00 Hz, H-8), 6.27 (1H, d, J = 2.00 Hz, H-6). 13C-NMR (100 MHz, Acetone- 

 

d6, δ, ppm): 175.63 (C-4), 164.09 (C-7), 161.41 (C-9), 156.83 (C-5), 146.07 (C-2), 145.52 
 

(C-3′, 5′), 136.02 (C-4′), 135.53 (C-3), 121.86 (C-1′), 107.42 (C-2′, 6′), 103.22 (C-10), 

 

98.24 (C-6), 93.51 (C-8).125 

 
Quercetin 3-O-α-Rhamnoside (Quercitrin) (124): Yellow powder, m. p. 237.8 ‒ 240.2 

 

°C, Lit.125 m. p. 240.0 °C (dec.); UV (MeOH, λmax, nm): 257, 352; IRν (KBr, cm‒1): 3411, 

2924, 2853, 1655, 1608, 1500, 1453, 1361, 1202, 1168, 1088, 1060, 997; HRESIMS m/z 

449.1077 [M+H]+ (calculated for C21H21O11: 449.1084, ∆ 0.0007 mmu); 1H-NMR (400 
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MHz, MeOD-d4, δ, ppm): 7.36 (1H, d, J = 2.00 Hz, H-2′), 7.33 (1H, dd, J = 8.40, 2.00 Hz, 
 

H-6′), 6.93 (1H, d, J = 8.40 Hz, H-5′), 6.39 (1H, d, J = 2.00 Hz, H-8), 6.22 (1H, d, J = 2.00 

 

Hz, H-6), 5.37 (1H, d, J = 1.60 Hz, H-1′′), 4.24 (1H, dd, J = 1.60, 3.20 Hz, H-2′′), 3.77 

 

(1H, dd, J = 3.40, 9.40 Hz, H-3′′), 3.41 (2H, m, H-4′′, 5′′), 0.96 (3H, d, J = 6.40 Hz, H-6′′). 

 
13C-NMR (100 MHz, MeOD-d4, δ, ppm): 178.27 (C-4), 164.49 (C-7), 161.83 (C-5), 157.92 

 

(C-9), 157.14 (C-2), 148.40 (C-4′), 145.03 (C-3′), 134.85 (C-3), 121.60 (C-1′), 121.46 (C- 

 

6′), 115.56 (C-5′), 114.98 (C-2′), 104.52 (C-10), 102.16 (C-1′′), 98.42 (C-6), 93.31 (C-8), 

 

71.88 (C-4′′), 70.75 (C-3′′), 70.63 (C-2′′), 70.51 (C-5′′), 16.25 (C-6′′).125 

 
3,4,5-Trihydroxy-1-Cyclohexene-Carboxylic Acid (Shikimic Acid) (125): White 

powder, m. p. 186.5 ‒ 187.2 °C, Lit.128 m. p. 182.0 ‒ 184.0 °C; UV (MeOH, λmax, nm): 

355; IRν (KBr, cm‒1): 3482, 3385, 3220, 1682, 1648, 1455, 1294, 1276, 1091, 1072, 1060, 

930; HRESIMS m/z 197.0422 [M+Na]+ (calculated for C7H10O5Na: 197.0426, ∆ 0.0004 

mmu); 1H-NMR (400 MHz, D2O, δ, ppm): 6.68 (1H, dt, J = 4.00, 2.00 Hz, H-2), 4.30 (1H, 

t, J = 4.00 Hz, H-3), 3.88 (1H, dt, J = 8.00, 5.80 Hz, H-5), 3.63 (1H, dd, J = 8.20, 4.20 Hz, 
 

H-4), 2.59 (1H, ddt, J = 18.20, 5.40, 1.40 Hz, H-6a), 2.08 (1H, ddt, J = 18.20, 6.20, 1.80 

 

Hz, H-6b). 13C-NMR (100 MHz, D2O, δ, ppm): 170.15 (COOH), 137.12 (C-2), 129.71 (C- 
 

1), 70.96 (C-5), 66.51 (C-4), 65.69 (C-3), 30.25 (C-6).128 

 
Quercetin 3-O-β-Galactoside (Hyperoside) (126): Yellow powder, m. p. 232.6 ‒ 233.4 

 

°C, Lit.114 m. p. 234.0 ‒ 236.0 °C; UV (MeOH, λmax, nm): 258, 359; IRν (KBr, cm‒1): 3431, 

2923, 2852, 1656, 1608, 1509, 1499, 1454, 1384; HRESIMS m/z 487.0861 [M+Na]+ 

(calculated for C21H20O12Na: 487.0852, ∆ 0.0009 mmu); 1H-NMR (400 MHz, MeOD-d4, 

δ, ppm): 7.86 (1H, d, J = 2.00 Hz, H-2′), 7.61 (1H, dd, J = 8.50, 2.00 Hz, H-6′), 6.89 (1H, 

d, J = 8.60 Hz, H-5′), 6.43 (1H, d, J = 2.00 Hz, H-8), 6.23 (1H, d, J = 2.00 Hz, H-6), 5.15 
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(1H, d, J = 8.00 Hz, H-1′′), 3.88 (1H, d, J = 3.20 Hz, H-4′′), 3.85 (1H, dd, J = 7.80, 9.40 

 

Hz, H-2′′), 3.67 (1H, dd, J = 6.00, 10.80 Hz, H-6′′), 3.58 (2H, m, H-3′′, 5′′), 3.50 (1H, m, 

 

H-6′′). 13C-NMR (100 MHz, MeOD-d4, δ, ppm): 178.16 (C-4), 164.72 (C-7), 161.62 (C- 
 

5), 157.52 (C-2), 157.08 (C-9), 148.57 (C-4′), 144.43 (C-3′), 134.44 (C-3), 121.61 (C-1′), 

 

121.48 (C-6′), 116.38 (C-5′), 114.70 (C-2′), 104.26 (C-10), 104.08 (C-1′′), 98.57 (C-6), 

 

93.34 (C-8), 75.75 (C-5′′), 73.69 (C-3′′), 71.74 (C-2′′), 68.66 (C-4′′), 60.57 (C-6′′).121 

 
Myricetin-3-O-β-Galactopyranoside (127): Light yellow amorphous powder, m. p. 194.0 

 

– 196.0 °C, Lit.131 m. p. 196.0 ‒ 198.0 °C; UV (MeOH, λmax, nm): 257, 365; IRν (KBr, cm‒ 

1
): 3326, 2924, 2853, 1658, 1607, 1511, 1376, 1169; HRESIMS m/z 481.0974 [M+H]+ 

(calculated for C21H21O13, 481.0982, ∆ 0.0008 mmu); 1H-NMR (400 MHz, MeOD-d4, δ, 

ppm): 7.40 (2H, s, H-2′, 6′), 6.41 (1H, d, J = 2.00 Hz, H-8), 6.22 (1H, d, J = 2.00 Hz, H- 

6), 5.22 (1H, d, J = 7.60 Hz, H-1′′), 3.90 (1H, d, J = 3.52 Hz, H-4′′), 3.86 (1H, dd, J = 9.60, 

 

7.84 Hz, H-2′′), 3.68 (1H, dd, J = 11.26, 6.18 Hz, H-6′′a), 3.60 (2H, m, H-3′′, H-6′′b), 3.53 

 

(1H, m, H-5′′). 13C-NMR (100 MHz, MeOD-d4, δ, ppm): 178.00 (C-4), 164.76 (C-7), 
 

161.60 (C-5), 157.26 (C-2), 156.99 (C-9), 144.99 (C-3′, 5′), 136.75 (C-4′), 134.58 (C-3), 

 

120.27 (C-1′), 108.52 (C-2′, 6′), 104.17 (C-10), 104.14 (C-1′′), 98.50 (C-6), 93.27 (C-8), 

 

75.82 (C-5′′), 73.72 (C-3′′), 71.88 (C-2′′), 68.63 (C-4′′), 60.52 (C-6′′).130-131 
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4.3.5. Extraction and Characterization of Compounds from the Fresh Leaves of 

 

Rhus natalensis 

 

4.3.5.1. Extraction and DPPH Radical Scavenging Assay of the Fresh Leaves of Rhus 

natalensis 

 

The ground fresh leaves of R. natalensis (1.0 kg) were extracted with a mixture of 

DCM:MeOH (1:1, 2 × 3.0 L) for 48 h and the extract was concentrated to give a dark green 

residue (81.0 g). The crude extract (70.0 g) was first dissolved in a mixture of MeOH:H2O 

(1:1, 200.0 mL) and then extracted with n-hexane (3 × 200.0 mL) and EtOAc (3 × 200.0 

mL) successively. Removal of the solvents afforded n-hexane (24.2 g) and EtOAc (21.6 g) 

residues. The DPPH radical scavenging assay of the EtOAc-soluble portion of the 

DCM:MeOH extract of fresh leaves of R. natalensis was determined according to the 

procedure described in Section 4.3.1.4. 

 

4.3.5.2. Fractionation of the EtOAc-Soluble Portion of the DCM:MeOH Extract of 

the Fresh Leaves of Rhus natalensis 

 

The residue obtained from the EtOAc-soluble portion of the DCM:MeOH (1:1) extract of 

the fresh leaves of R. natalensis (10.0 g) was subjected to column chromatography over 

silica gel (155.0 g) using a gradient of MeOH in CHCl3 (0:100 ⭢ 25:75, v/v) to give 55 

fractions which were combined into seven groups (RN-1 to RN-7). Fractionation of RN-6 

(970.0 mg) over a column of silica gel (80.0 g) using CHCl3:MeOH (100:0 ⭢ 80:20, v/v) 

gave five subfractions (RN-6-1 to RN-6-5). Subfraction RN-6-2 (143.1 mg) was further 

purified by column chromatography over silica gel (50.0 g) using the solvent CHCl3:MeOH 

(90:10, v/v) to afford 1 (7.9 mg). Fraction RN-5 (1.7 g) was chromatographed on a column 
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of silica gel (82.0 g) using DCM:MeOH (90:10, v/v) and gave eight subfractions (RN-5-1 

to RN-5-8). PTLC separation of subfraction RN-5-6 (79.1 mg) using DCM:MeOH (90:10, 

v/v) afforded two fractions (RN-5-6-1 and RN-5-6-2). Rechromatography of fraction RN- 

5-6-2 (46.5 mg) over silica gel (25.0 g) column using CHCl3:MeOH (96:4, v/v) resulted in 

the isolation of 131 (15.7 mg). Crystallization of about 100.0 mg of fraction RN-6 from 

MeOH yielded compound 132 (13.3 mg). The crude EtOAc fraction of R. natalensis and a 

mixture of the three isolated compounds, 1, 131 and 132, were compared by using HPLC. 

 

4.3.5.3. Physical and Spectroscopic Data of Compounds Isolated from EtOAc- 

Soluble Portion of the DCM:MeOH Extract of the Leaves of Rhus natalensis 

 

Quercetin 3-O-α-Arabinopyranoside (Guaijaverin) (131): Light yellow powder, m. p. 

238.0 ‒ 240.0 °C; Lit.145 m. p. 240.0 °C; UV (MeOH, λmax, nm): 257, 359; IRν (KBr, cm‒
 

1): 3475, 3373, 2923, 2853, 1656, 1599, 1559, 1509, 1457, 1358, 1292, 1202, 1069, 1026; 
 

1H-NMR (400 MHz, DMSO-d6, δ, ppm): 7.67 (1H, dd, J = 8.44, 2.16 Hz, H-6′), 7.51 (1H, 
 

d, J = 2.28 Hz, H-2′), 6.84 (1H, d, J = 8.60 Hz, H-5′), 6.41 (1H, d, J = 2.00 Hz, H-8), 6.21 

 

(1H, d, J = 2.04 Hz, H-6), 5.28 (1H, d, J = 5.32 Hz, H-1′′), 3.76 (1H, dd, J = 7.20, 5.16 Hz, 

 

H-2′′), 3.62 (2H, m, H-4′′, H-5′′), 3.51 (1H, dd, J = 7.20, 3.40 Hz, H-3′′), 3.22 (1H, dd, J = 

 

11.36, 2.52 Hz, H-5′′). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 177.99 (C-4), 164.63 (C- 
 

7), 161.68 (C-5), 156.73 (C-2, C-9), 149.05 (C-4′), 145.45 (C-3′), 134.20 (C-3), 122.56 (C- 

 

6′), 121.35 (C-1′), 116.19 (C-2′), 115.82 (C-5′), 104.37 (C-10), 101.84 (C-1′′), 99.12 (C- 

 

6), 93.96 (C-8), 72.09 (C-2′′), 71.17 (C-3′′), 66.52 (C-4′′), 64.74 (C-5′′).121 

 
Apigenin 8-C-β-Glucopyranoside (Vitexin) (132): Yellow powder, m. p. 257.8 ‒ 259.5 

 

°C; Lit.139 m. p. 263.0 °C; UV (MeOH, λmax, nm): 270, 339; IRν (KBr, cm‒1): 3414, 2924, 
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2853, 1738, 1655, 1618, 1510, 1465, 1383, 1039; 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 
 

13.18 (1H, s, 5-OH), 8.03 (2H, d, J = 8.84 Hz, H-2′, 6′), 6.89 (2H, d, J = 8.84 Hz, H-3′, 5′), 

 

6.79 (1H, s, H-3), 6.28 (1H, s, H-6), 4.69 (1H, d, J = 9.84 Hz, H-1′′), 3.84 (1H, t, J = 9.34 

 

Hz, H-2′′), 3.77 (1H, dd, J = 5.56, 11.54 Hz, H-6a′′), 3.53 (2H, m, H-4′′, 6b′′), 3.25 (2H, m, 

 

H-3′′, 5′′). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 182.57 (C-4), 164.41 (C-2), 163.08 
 

(C-7), 161.62 (C-4′), 160.86 (C-5), 156.47 (C-9), 129.44 (C-2′, 6′), 122.07 (C-1′), 116.28 

 

(3′, 5′), 105.08 (C-8), 104.49 (C-10), 102.91 (C-3), 98.61 (C-6), 82.31 (C-5′′), 78.65 (C- 

 

3′′), 73.37 (C-1′′), 71.96 (C-2′′), 70.99 (C-4′′), 61.74 (C-6′′).139 
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5. Conclusion 

 

In this research, essential oils from the rhizomes of Cyperus esculentus and the roots of 

Carissa spinarum together with the medicinal smoke obtained from the roots of Carissa 

spinarum were analyzed by GC-MS. The different components were characterized by 

matching their mass spectra with those of reference compounds recorded in NIST 2014 

mass spectral library and confirmed by their retention indices. The antioxidant activity of 

the EtOAc extract of the rhizomes of Cyperus esculentus and the MeOH-soluble fraction 

of the smoke obtained from the roots of Carissa spinarum was also evaluated. The EtOAc 

extract of the rhizomes of Cyperus esculentus showed a 27.62% DPPH inhibition while the 

MeOH-soluble fraction of the smoke obtained from the roots of Carissa spinarum showed 

a 92.60% DPPH inhibition at concentration of 100.0 μg/mL. Phytochemical investigation 

of the EtOAc extract of the rhizomes of Cyperus esculentus resulted in the isolation of four 

sesquiterpenes, namely, caryophyllene oxide (113), cyperotundone (12), corymbolone 

(114) and tricyclohumuladiol (115). 

 

The fatty acid composition of the n-hexane extract of the seeds of M. officinalis was 

determined by GC-MS analysis. Quantifications of components in the extract were made 

by using their relative area percentages and methyl palmitate external standards. Coumarin 

(65), which has been grouped among compounds that show hepatotoxicity,100 was detected 

in significant amount in the seed oil. Therefore, it may not be suitable to use the oil for 

cooking purposes. Phytochemical investigation of the seeds of M. officinalis resulted in the 

isolation of cis-melilotoside (116) and coumarin (65) by column chromatography over 

Sephadex LH-20 and preparative TLC techniques. 
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The DPPH radical scavenging activities were evaluated for the MeOH fraction of the seeds 

of M. officinalis and the EtOAc-soluble portions of the DCM:MeOH extracts of fresh 

leaves of R. glutinosa and R. natalensis. The fractions exhibited 26.35, 94.89 and 94.94% 

DPPH inhibition at concentration of 50.0 μg/mL, respectively. The fact that both plant 

extracts showed strong antioxidant activities supports the traditional medicinal use of Rhus 

plants for treatment of inflammation70b. The EtOAc-soluble portions of the fresh leaves of 

R. glutinosa and R. natalensis were also phytochemically investigated. Thus, 12 

compounds, namely, pentacosanol (119), acacetin (120), kaempferol (38), rhusflavanone 

(121), rhusflavone (122), avicularin (123), quercetin (1), myricetin (2), quercitrin (124), 

shikimic acid (125), hyperoside (126), and myricetin-3-O-β-galactopyranoside (127), were 

isolated and characterized from the EtOAc fraction of R. glutinosa and 3 compounds, 

namely, quercetin (1), guaijaverin (131) and vitexin (132) were obtained from the EtOAc 

fraction of R. natalensis. The isolated compounds were characterized by spectroscopic 

techniques including NMR, UV-vis, FTIR, and HRESIMS. The presence of flavonoids in 

the EtOAc-soluble portions of the fresh leaves of R. glutinosa and R. natalensis could be 

responsible for the observed high antioxidant activities of the leaves of R. glutinosa and R. 

natalensis. There were indications that very polar compounds existed in the extracts of the 

leaves of R. natalensis. Such compounds might be isolated from the leaves of R. natalensis 

by using reverse phase chromatographic techniques. 
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7. Appendices 

 

Appendix 1: The 1H‒1H COSY Spectrum of 113 in CDCl3. 
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Appendix 2: The HSQC Spectrum of 113 in CDCl3. 
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Appendix 3: The HMBC Spectrum of 113 in CDCl3. 
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Appendix 4: The IR Spectrum of 113. 
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Appendix 5: The 1H-NMR Spectrum of 12 in CDCl3. 
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Appendix 6: The 13C-NMR Spectrum of 12 in CDCl3. 
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Appendix 7: The DEPT-135 NMR Spectrum of 12 in CDCl3. 
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Appendix 8: The 1H‒1H COSY Spectrum of 12 in CDCl3. 
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Appendix 9: The HSQC Spectrum of 12 in CDCl3. 
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Appendix 10: The HMBC Spectrum of 12 in CDCl3. 
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Appendix 11: The IR Spectrum of 12. 
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Appendix 12: The UV Spectrum of 12 in Methanol. 
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Appendix 13: The 1H-NMR Spectrum of 114 in CDCl3. 
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Appendix 14: The 13C-NMR Spectrum of 114 in CDCl3. 
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Appendix 15: The DEPT-135 NMR Spectrum of 114 in CDCl3. 
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Appendix 16: The 1H‒1H COSY Spectrum of 114 in CDCl3. 
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Appendix 17: The HSQC Spectrum of 114 in CDCl3. 
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Appendix 18: The HMBC Spectrum of 114 in CDCl3. 
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Appendix 19: The IR Spectrum of 114. 
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Appendix 20: The 1H-NMR Spectrum of 115 in CDCl3. 
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Appendix 21: The 13C-NMR Spectrum of 115 in CDCl3. 
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Appendix 22: The DEPT-135 NMR Spectrum of 115 in CDCl3. 
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Appendix 23: The 1H‒1H COSY Spectrum of 115 in CDCl3. 
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Appendix 24: The HSQC Spectrum of 115 in CDCl3. 
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Appendix 25: The HMBC Spectrum of 115 in CDCl3. 
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Appendix 26: The IR Spectrum of 115. 
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Appendix 27: The HRESIMS of Compound 115. 
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Appendix 28: The 1H-NMR Spectrum of 16 in CDCl3. 
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Appendix 29: The 13C-NMR Spectrum of 16 in CDCl3. 
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Appendix 30: The DEPT-135 NMR Spectrum of 16 in CDCl3. 
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Appendix 31: The IR Spectrum of 16. 
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Appendix 32: The UV Spectrum of 16 in Methanol. 
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Appendix 33: The 1H-NMR Spectrum of 116 in D2O. 
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Appendix 34: The 13C-NMR Spectrum of 116 in D2O. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



183  

 
 

 

 

Appendix 35: The DEPT-135 NMR Spectrum of 116 in D2O. 
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Appendix 36: The 1H‒1H COSY Spectrum of 116 in D2O. 
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Appendix 37: The HSQC Spectrum of 116 in D2O. 
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Appendix 38: The HMBC Spectrum of 116 in D2O. 
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Appendix 39: The IR Spectrum of 116. 
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Appendix 40: The UV Spectrum of 116 in Methanol. 
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Appendix 41: The 1H-NMR Spectrum of 65 in CDCl3. 
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Appendix 42: The 13C-NMR Spectrum of 65 in CDCl3. 
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Appendix 43: The DEPT-135 NMR Spectrum of 65 in CDCl3. 
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Appendix 44: The IR Spectrum of 65. 
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Appendix 45: The UV Spectrum of 65 in Methanol 
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Appendix 46: The 1H-NMR Spectrum of 119 in CDCl3. 
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Appendix 47: The 13C-NMR Spectrum of 119 in CDCl3. 
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Appendix 48: The DEPT-135 NMR Spectrum of 119 in CDCl3. 
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Appendix 49: The IR Spectrum of 119. 
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Appendix 50: The HRESIMS of Compound 119. 
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Appendix 51: The 1H-NMR Spectrum of 120 in Acetone-d6. 
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Appendix 52: The 13C-NMR Spectrum of 120 in Acetone-d6. 
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Appendix 53: The DEPT-135 NMR Spectrum of 120 in Acetone-d6. 
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Appendix 54: The IR Spectrum of 120. 
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Appendix 55: The UV Spectrum of 120 in Methanol. 
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Appendix 56: The HRESIMS of Compound 120. 
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Appendix 57: The 1H-NMR Spectrum of 38 in Acetone-d6. 
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Appendix 58: The 13C-NMR Spectrum of 38 in Acetone-d6. 
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Appendix 59: The DEPT-135 NMR Spectrum of 38 in Acetone-d6. 
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Appendix 60: The IR Spectrum of 38. 
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Appendix 61: The UV Spectrum of 38 in Methanol. 
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Appendix 62: The HRESIMS of Compound 38. 
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Appendix 63: The 1H-NMR Spectrum of 121 in MeOD-d4. 
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Appendix 64: The 13C-NMR Spectrum of 121 in MeOD-d4. 
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Appendix 65: The DEPT-135 NMR Spectrum of 121 in MeOD-d4. 
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Appendix 66: The IR Spectrum of 121. 
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Appendix 67: The UV Spectrum of 121 in Methanol. 
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Appendix 68: The HRESIMS of Compound 121. 
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Appendix 69: The 1H-NMR Spectrum of 122 in Acetone-d6. 
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Appendix 70: The 13C-NMR Spectrum of 122 in Acetone-d6. 
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Appendix 71: The DEPT-135 NMR Spectrum of 122 in Acetone-d6. 
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Appendix 72: The 1H‒1H COSY Spectrum of 122 in Acetone-d6. 
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Appendix 73: The HSQC Spectrum of 122 in Acetone-d6. 
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Appendix 74: The HMBC Spectrum of 122 in Acetone-d6. 
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Appendix 75: The IR Spectrum of 122. 
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Appendix 76: The UV Spectrum of 122 in Methanol. 
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Appendix 77: The HRESIMS of Compound 122. 
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Appendix 78: The 1H-NMR Spectrum of 123 in MeOD-d4. 
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Appendix 79: The 13C-NMR Spectrum of 123 in MeOD-d4. 
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Appendix 80: The DEPT-135 NMR Spectrum of 123 in MeOD-d4. 
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Appendix 81: The IR Spectrum of 123. 
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Appendix 82: The UV Spectrum of 123 in Methanol. 
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Appendix 83: The HRESIMS of Compound 123. 
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Appendix 84: The 1H-NMR Spectrum of 1 in Acetone-d6. 
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Appendix 85: The 13C-NMR Spectrum of 1 in Acetone-d6. 
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Appendix 86: The DEPT-135 NMR Spectrum of 1 in Acetone-d6. 
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Appendix 87: The IR Spectrum of 1. 
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Appendix 88: The UV Spectrum of 1 in Methanol. 
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Appendix 89: The HRESIMS of Compound 1. 
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Appendix 90: The 1H-NMR Spectrum of 2 in Acetone-d6. 
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Appendix 91: The 13C-NMR Spectrum of 2 in Acetone-d6. 
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Appendix 92: The DEPT-135 NMR Spectrum of 2 in Acetone-d6. 
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Appendix 93: The IR Spectrum of 2. 
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Appendix 94: The UV Spectrum of 2 in Methanol. 
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Appendix 95: The HRESIMS of Compound 2. 
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Appendix 96: The 1H-NMR Spectrum of 124 in MeOD-d4. 
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Appendix 97: The 13C-NMR Spectrum of 124 in MeOD-d4. 
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Appendix 98: The DEPT-135 NMR Spectrum of 124 in MeOD-d4. 
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Appendix 99: The IR Spectrum of 124. 
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Appendix 100: The UV Spectrum of 124 in Methanol. 
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Appendix 101: The HRESIMS of Compound 124. 
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Appendix 102: The 1H-NMR Spectrum of 125 in D2O. 
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Appendix 103: The 13C-NMR Spectrum of 125 in D2O. 
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Appendix 104: The DEPT-135 NMR Spectrum of 125 in D2O. 
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Appendix 105: The IR Spectrum of 125. 
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Appendix 106: The UV Spectrum of 125 in Methanol. 
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Appendix 107: The HRESIMS of Compound 125. 
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Appendix 108: The 1H-NMR Spectrum of 126 in MeOD-d4. 
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Appendix 109: The 13C-NMR Spectrum of 126 in MeOD-d4. 
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Appendix 110: The DEPT-135 NMR Spectrum of 126 in MeOD-d4. 
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Appendix 111: The IR Spectrum of 126. 
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Appendix 112: The UV Spectrum of 126 in Methanol. 
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Appendix 113: The HRESIMS of Compound 126. 
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Appendix 114: The 1H-NMR Spectrum of 127 in MeOD-d4. 
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Appendix 115: The 13C-NMR Spectrum of 127 in MeOD-d4. 
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Appendix 116: The DEPT-135 NMR Spectrum of 127 in MeOD-d4. 
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Appendix 117: The IR Spectrum of 127. 
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Appendix 118: The UV Spectrum of 127 in Methanol. 
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Appendix 119: The HRESIMS of Compound 127. 
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Appendix 120: The 1H-NMR Spectrum of 128 in Acetone-d6. 
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Appendix 121: The 1H-NMR Spectrum of 129 in MeOD-d4. 
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Appendix 122: The 1H-NMR Spectrum of 130 in Acetone-d6. 
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Appendix 123: The HPLC Chromatogram of the Crude Ethyl Acetate-Soluble Fraction of the DCM:MeOH Extract of the Leaves of R. 

natalensis and Compounds Isolated from the Fraction. 
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Appendix 124: The 1H-NMR Spectrum of 131 in DMSO-d6. 
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Appendix 125: The 13C-NMR Spectrum of 131 in DMSO-d6. 
 
 

 
 



261  

 
 

 

 

Appendix 126: The DEPT-135 NMR Spectrum of 131 in DMSO-d6. 
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Appendix 127: The IR Spectrum of 131. 
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Appendix 128: The UV Spectrum of 131 in Methanol. 
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Appendix 129: The 1H-NMR Spectrum of 132 in DMSO-d6. 
 
 

 

 

 



264  

 
 

 
 

Appendix 130: The 13C-NMR Spectrum of 132 in DMSO-d6. 
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Appendix 131: The DEPT-135 NMR Spectrum of 132 in DMSO-d6. 
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Appendix 132: The HSQC Spectrum of 132 in DMSO-d6. 
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Appendix 133: The HMBC Spectrum of 132 in DMSO-d6. 
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Appendix 134: The IR Spectrum of 132. 
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Appendix 135: The UV Spectrum of 132 in Methanol. 
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