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Abstract 

 

In this study, phenolic compounds were extracted from roots 

of Balanites aegyptiaca, seeds of Hagenia abyssinica and 

roots of Cisuss petiolata using 95% ethanol. The crude 

ethanolic extracts of the studied species were subjected to 

paper chromatography. In this way compound I was isolated 

from the roots of Balanites aegyptiaca. The structure of this 

isolate was elucidated by a combination of spectral 

techniques (UV, IR, NMR and MS) and the following 

tentative structure was proposed: 

 

The seeds of Hagenia abyssinica gave compounds II and III. 

The following tentative structures were proposed for these 

isolates: 
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Compound IV was isolated from roots of Cisuss petiolata and 

The   following tentative structure was suggested: 
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 سه الدرا ملخص

يكادة  شاً ًبذًر ,جهيجياني جذًر ين انفينٌنيو انًزكباث اسخخهصج انذراسو ىذه فَ

 حى انٌرق كزًيٌحٌغزافيا طزيك ًعن .إثانٌل % 95 بٌاسطت انحجز عزق ًجذًر

 فٌق الاشعو طيف( انًطيافيو انطزق باسخخذاو انخزكيب ححذيذ حى I. انًزكب فصم

 )انكخهو ًطيف انًغنطيسَ اننًٌٍ انزنين ,انحًزاء ححج الاشعو طيف ,انبنفسجيو

 : انخانَ انًبذئ انخزكيب ًالخزح

 

 

 انًبذئيين انخزكيبين نيًا ًالخزح يكاده شاً نباث ين  II ًIII انًزكبين فصم ثى

 :انخانيين

 

 IIيزكب 
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 بناء انخانَ انخزكيب نو ًالخزح انحجز عزق نباث جذًر ين فصم فمذ IV انًزكب ايا

 : انطيفيو انبياناث عهَ
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1-Introduction 

 

1.1- Balanites aegyptiaca Del. 

Balanites aegyptiaca Del., also known as 'Desert date' in 

English, a member of the family Zygophyllaceae, is one of the 

most common but neglected wild plant species of the dry land 

areas of Africa and South Asia. This tree is native to much of 

Africa and parts of the Middle East. This is one of the most 

common trees in Sudan. It can be found in many kinds of 

habitat, tolerating a wide variety of soil types, from sand to 

heavy clay, and climatic moisture levels
1
. 

 

 

 

 

 

 

 

 

Balanites aegyptiaca 
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Balanites aegyptiaca 

 

Balanites aegyptiaca  fruits 

 

Synonyms: Ximenia aegyptiaca L. (excl. Balanites roxburghii 

Planch), Agialida senegalensis van Tiegh., Agialida barteri van 

Tiegh., Agialida tombuctensis van Tiegh., Balanites ziziphoides 

Milbr. Et Schlechter, Balanites latifolia (van Tiegh.) Chiov. 
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Balanites aegyptiaca is a multibranched, spiny shrub or tree up 

to l0 m tall. Crown spherical, in one or several distinct masses. 

Trunk short and often branching from near the base. Bark dark 

brown to grey, deeply fissured. Branches armed with stout 

yellow or green thorns up to 8 cm long. Leaves with two 

separate leaflets; leaflets obovate, asymmetric, 2.5 to 6 cm long, 

bright green, leathery, with fine hairs when young. Flowers in 

fascicles in the leaf axils, and are fragrant, yellowish-green.                                                  

Fruit is a rather long, narrow drupe, 2.5 to 7 cm long, 1.5 to 4 

cm in diameter. Young fruits are green and tormentose, turning 

yellow and glabrous when mature. Pulp is bitter-sweet and 

edible. Seed is the pyrene (stone), 1.5 to 3 cm long, light brown, 

fibrous, and extremely hard. It makes up 50 to 60% of the fruit
1
.                                                                                                          

 Flowers are small, inconspicuous, hermaphroditic, and 

pollinated by insects. Seeds are dispersed by ingestion by birds 

and animals. The tree begins to flower and fruit at 5 to 7 years of 

age and maximum seed production is when the trees are 15 to 25 

years old. 

Natural distribution is obscured by cultivation and 

naturalization. It is believed indigenous to all dry lands south of 

the Sahara, extending southward to Malawi in the Rift Valley, 

and to the Arabian Peninsula, introduced into cultivation in 

Latin America and India. It has wide ecological distribution, but 

is mainly found on level alluvial sites with deep sandy loam and 

free access to water. After the seedling stage, it is intolerant to 
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shade and prefers open woodland or savannah for natural 

regeneration. It is a lowland species, growing up to 1000 m 

altitude in areas with mean annual temperature of 20 to 30
o
 C 

and mean annual rainfall of 250 to 400 mm
1
. 

Extensive literature survey revealed that 'desert date' has a long 

history of traditional uses for wide ranges of disease. It has been 

experimentally proved that B. aegyptiaca Del possess 

antioxidant, antimicrobial, anticancer, diuretic, 

hypocholesterolemic, wound-healing, antiviral, antidiabetic, 

hepatoprotective, mosquito larvicidal, anti-inflammatory and 

analgesic, antivenin, anthelmintic, cardioprotective cum 

antioxidant activity, and antinociceptive properties. Bark, fruits, 

seeds, seed oil, and leaves of this plant are widely used in folk 

medicine. In recent years, emphasis of research has been on 

utilizing traditional medicines that have long and proven history 

of treating various ailments. So, further studies need to be 

carried out to explore B. aegyptiaca Del for its potential in 

curing and treating disease
1
. 

Aqueous extract of fruits showed spermicidal activity without 

local vaginal irritation in human being, up to 4% sperms 

becoming sluggish on contact with the plant extract and then 

immobile within 30 s; the effect was concentration-related. 

Protracted administration of the fruit pulp extract produced 

hyperglycemia-induced testicular dysfunction in dogs. Seed is 

used as expectorant, antibacterial, and antifungal. Fruit is used 
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in whooping cough, also in leucoderma and other skin diseases. 

Bark is used as spasmolytic
2
.  

The seed is used as a febrifuge
3
. Root extracts have proved 

'slightly effective' against experimental malaria
4,5

. In Kenya, a 

root infusion is used as an emetic
1
. In asthma, about 10 gm of 

seed powder is taken with glass of water in the morning for 10 

days
1
. Tablets are prepared from roots mixed with 'Hing' powder 

(Ferula asafoetida); by adding Piper betle leaf, juices are taken 

once with water for 9 days, soon after the menstruation to avoid 

unwanted pregnancy
6
. In Egyptian folk medicine, the fruits are 

used as an oral hypoglycemic
1
 and an antidiabetic; an aqueous 

extract of the fruit mesocarp is used in Sudanese folk medicine 

in the treatment of jaundice
1
. Used in food preparations and 

herbal medicine, especially in Africa and some developing 

Countries
1
. The fresh leaf of the plant Acalypha is pounded with 

small amount of root of B. aegyptiaca and Cissus 

quadrangularis, and then soaked in water for an hour or two. It 

is decanted and administered intranasally and orally for nasal 

infections. Latex of the plant is used in epilepsy, administered 

through intranasal route
7
. Twigs are used as tooth brush. Fruits 

are used to treat dysentery and constipation. They are also used 

in treatment of hemorrhoid, stomach aches, jaundice, yellow 

fever, syphilis, and epilepsy
8
. A fruit is used to treat liver 

disease and as a purgative, and sucked by school children as a 

confectionary in some countries
1
. The seed oil is used to treat 
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tumors and wounds
1
.Seeds are also used as anthelmintic and 

purgative. Ground seeds are given to camels to cure impaction 

and colic. The bark is used in the treatment of syphilis, round 

worm infections, and as a fish poison. The aqueous leaf extract 

and saponins isolated from its kernel cakes have antibacterial 

activity
9,10

.  

The root, bark, kernel, and fruit have been shown to be lethal to 

mollusks
1
. In Sudanese folk medicine, it is used to treat 

jaundice. Its antimalarial and molluscidal activity is well 

studied
11-14

. In vitro antiplasmodial test of the dichloromethane 

and methanol extract of stem bark of the plant showed 

antimalarial activity. 

In Chad, fresh twigs are put on the fire in order to keep insects 

away. For intestinal worm, the fruits are dried and mashed in 

millet porridge and eaten
1
. In Libya and Eritrea, the leaves are 

used for cleaning infected wounds. In Sudan and Chad the of B. 

aegyptiaca is component of soap
1
. The use of the kernel oil for 

treatment of wounds has been reported from Nigeria. In Nigeria, 

a mixture of dried leaves powder of B. aegyptiaca and Ricinus 

communis is suspended in water and taken for constipation. In 

Somalia, the bark of root is crushed and suspended in water and 

taken orally for constipation
15

. Leaves of the plant contain: 

saponin, furanocoumarin, the flavonoids: quercetin 3-glucoside, 

quercetin-3-rutinoside; isorhamnetin- 3-glucoside, isorhamnetin- 

3-rutinoside, isorhamnetin- 3-7-diglucoside and isorhamnetin- 
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3-rhamnogalactoside
1
. 

Mesocarp of fruit contains 1.2 to 1.5% protein and 35 to 37% 

sugars, 15% organic acids beside other constituents like 3-

rutinoside and 3-rhamnogalactoside
1
, diosgenin

1
; However, 

kernel contains   saponins present in mesocars. Balanitoside 

(furostanol glycoside) and 6-methyldiosgenin, balanitin-3-

spirostanol glycoside have been reported from fruits (mesocarp) 

of B. aegyptiaca. Balanitin-6 and -7: Diosgenyl saponins. Some 

glycosides ,namely pregn-5-ene-3β,16β,20(R)-triol 3-O-(2,6-di-

O-α-l-rhamnopyranosyl)-β-d-glucopyranoside (balagyptin), and 

pregn-5-ene-3β,16β,20(R)-triol 3-O-β-d-glucopyranoside, were 

also reported from this species
16

. The kernels contained 45.0 to 

46.1% oil and protein (32.4%), oil contains mainly palmitic, 

stearic, oleic, and linoleic acids which were the main fatty 

acids
1
.The oil exhibited anticancer activity against lung, liver, 

and brain human carcinoma cell lines. It also had antimutagenic 

activity against Fasciola gigantica-induced mutagenicity 

besides anthelmintic activity against hepatic worms 

(Schistosoma mansoni and Fasciola gigantica). Preliminary 

screening showed that the oil had antiviral activity against 

Herpes simplex. It also had antimicrobial activity against 

selected strains of Gram-positive bacteria, Gram-negative 

bacteria, and Candida
17

. Nine saponins have been reported from 

kernel cake of B. aegyptiaca, from the nine components, six 

saponins with molecular masses of 1196, 1064, 1210, 1224, 
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1078, and 1046 Da were identified, with the compound of mass 

1210 Da being the main saponin (ca. 36%)
1
. The leaves and fruit 

kernels of B. aegyptiaca L. were found to contain six diosgenin 

glucosides including di-, tri-, and tetraglucosides.  

Root It is reported to contain steroidal, saponins and the major 

sapogenin is yamogenin
1
 beside some glycosides Balanitins 1 to 

7 have also been reported from root and bark of this species
1
. 

Two alkaloids, namely: N-trans-feruloyltyramine and N-cis-

feruloyltyramine, and three common metabolites, vanillic acid, 

syringic acid; and 3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-

1-propanone, long-chain aliphatic compound, 10-methyl-n-

heptacosane, and a sugar: diglucosyldirhamnoside, have also 

been reported from the stem-barks
1
. It also contains beta-

sitosterol, bergapten, marmesin, and beta-sitosterol glucoside, 

balanitin-1,-2, and -3; balanitin-1 for example possesses a 

yamogenin aglycone with a branched glucose and rhamnose 

side-chain.   

The plant acts as antioxidant against adriamycin-induced 

cardiotoxicity in experimental mice. Adriamycin when 

administered intraperitoneally, causes elevation of serum lactate 

dehydrogenase, creatine phosphokinase, glutamate oxaloacetate 

transaminase, glutamate pyruvate transaminase, lipid peroxide, 

total nitric oxide, erythrocyte lysate superoxide dismutase 

(SOD), glutathione peroxidase (GPx), and plasma catalase 

(CAT) in mice heart tissue. Pretreatment with B. aegyptiaca 



9 
 

extract significantly (P<0.05) prevented these alterations and 

restored the enzyme activities to near normal levels
18

.  

The crude aqueous extract of root bark of B. aegyptiaca  showed 

a dose-dependent inhibition of spontaneous motility (paralysis) 

in adult earthworms. And also possesses vermicidal activity
19

. It 

is reported that aqueous extract of stem bark  (9 g/kg body 

weight) of Albizia anthelmintica and fruit mesocarp  (9 g/kg 

body weight) of B. aegyptiaca shows significant anthelmintic 

activity compared with albendazole (20 mg/kg body weight) 

against Fasciola gigantica adult worm
20

. A single dose of 200 

mg/kg body weight of B. aegyptiaca fruit mesocarp also showed 

activity against Schistosoma mansoni in infected mice when 

compared with praziquantel
1
. Balanitin-7 is isolated from 

aqueous extract of B. aegyptiaca seed and reported as 

anthelmintic agent when tested by in vitro means of an original 

anthelmintic assay, using Caenorhabditis elegans as a biological 

model
21

.The methanolic extract of B. aegyptiaca fruits is 

reported to have anthelmintic action against different stages of 

Trichinella spiralis in rats compared with anthelmintic drug 

albendazole
22

.The aqueous extract of B. aegyptiaca also has 

molluscicidal activity against Bulinus globosus and Bulinus 

truncatus.   

The aqueous and organic leaves extracts of B. aegyptiaca and 

Moringa oleifera were reported to have antibacterial effect 

against Salmonella typhi isolated from blood clot culture using 
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the disc diffusion method. The extracts of B. aegyptiaca plants 

demonstrated the higher activity than Moringa oleifera. The 

ethanolic extracts of both plants demonstrated the highest 

activity whereas the aqueous extracts of both plants showed the 

least activity at 100 mg/ml as compared with ethanolic extracts. 

The activities of these plant extracts were comparable with those 

of antibiotics, ciprofloxacin, cotrimoxazole, and 

chloramphenicol, commonly used for treating typhoid fever. The 

antibacterial activity appears to increase when extracts of the 

two plants were used in combination at 100 mg/ml each. 

Preliminary phytochemical screening showed that plant extracts 

contain saponins, tannins, and phenols, and B. aegyptiaca 

possesses anthraquinones. The antibacterial activities of the 

extracts on S. typhi were reasonably stable when treated at 4, 30, 

60, and 100
o
 C for 1 hour. However, it reduces significantly 

when the pH was altered toward alkalinity
23

.   

The aqueous and ethanolic extracts of leaves of six plants viz., 

B. aegyptiaca (L.) Del, Hyptis suaveolens Poit, Lawsonia 

inermis L., Leucas aspera L., Lobelia nicotianifolia Roth, and 

Phyllanthus maderaspatana L. were reported as antibacterial 

when tested individually and in combinations against five 

different diarrheagenic bacteria: Bacillus cereus, Staphylococcus 

aureus, Escherichia coli, Salmonella enteritidis, and Listeria 

monocytogenes. Ciprofloxacin (20 ΅g) was used as antimicrobial 

standard. The highest antimicrobial activity was in both crude 
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aqueous leaf extract and crude ethanolic leaf extract of Lobelia 

nicotianifolia, when all extracts were tested individually. 

However, in combination, the highest activity was observed in 

crude ethanolic leaf extract Lobelia nicotianifolia + B. 

aegyptiaca against S. aureus
24,25

. 

The acetone and methanolic extracts of stem bark of plant 

showed an anti-venin activity against saw-scaled (Echis 

carinatus) viper venom concentration at lethal dose (0.194 

mg/ml), when administered intramuscularly to Wistar albino 

rats. Both extracts were found to be effective at 75 and 100 

mg/ml
26

.  

A mixture of steroidal saponins: balanitin-6 (28%) and 

balanitin-7 (72%), isolated from B. aegyptiaca kernels, 

demonstrated appreciable anticancer effects in human cancer 

cell lines in vitro against A549 non-small-cell lung cancer 

(IC50, 0.3 μM) and U373 glioblastoma (IC50, 0.5 μM) cell 

lines. Balantin 6/7 mixture displayed higher antiproliferative 

activity than etoposide and oxaliplatin,but markedly less active 

than taxol. This indicates that balanitin 6/7 mixture is more a 

cytotoxic compound than a cytostatic one. In vitro anticancer 

activities are due to partly depletion of [ATP]i, leading in turn to 

major disorganization of action and it does not induce an 

increase in intracellular reactive oxygen species. In vivo, 

balantin6/7 mixture increased the survival time of mice bearing 

murine L1210 leukemia grafts to the same extent reported for 
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vincristine
27,28

. 
 
 

The ethanol and petroleum ether extracts of aerial parts of B. 

aegyptiaca have been reported to have significant anti-

inflammatory action on carrageenan-induced hind paw eodema 

in rats. The paw volume was measured plethysmometrically at 0 

and 3 hours after injection and analgesic activity by using 

Eddy's hot plate method and tail-flick method in albino rats. The 

ethanol and petroleum ether extracts showed a greater anti-

inflammatory and analgesic effects in comparative with the 

standard drugs, indomethacin and diclofenac sodium, It was also 

indicated that the ethanolic extract of B. aegyptiaca exhibited 

more significant activity than petroleum ether in the treatment of 

pain and inflammation
29

. 

The galls and leaf extracts  of B. aegyptiaca showed  significant 

xanthine oxidase, and acetylcholinesterase inhibitory activities. 

The total phenolics and flavonoids were measured using Folin-

Ciocalteu and AlCl3 reagents, respectively. Two methods, that 

is, FRAP (Iron (III) to Iron (II) reduction activity) and ABTS 

(2,2-azinobis-3-ethylbnzothiazoline-6-sulphonate) assay were 

used to estimate the total antioxidant capacity of the plant 

materials. Dichloromethane fraction of the gall and ethyl acetate 

fraction of the leaves were reported to have highest antioxidant 

activity. The antioxidant activities were correlated significantly 

with the total phenolic and flavonoid contents. The study also 

showed that B. aegyptiaca galls and leaves fractions exhibited a 
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moderate xanthine oxidase inhibitory activity compared with the 

acetylcholinesterase which was weakly inhibited by the tested 

extracts and fractions
30

. 

Two saponins isolated from B. aegyptiaca showed significant 

anti- inflammatory, antinociceptive activity in the carrageenin-

induced eodema in the rat, and acetic acid-induced writhing  in 

mice and antioxidant action by using in vitro, using a method 

based on the Briggs-Rauscher oscillating reaction. The saponins 

were intragastrically administered to animals
31

.  

A saponin extract and water extract from fruit kernel of B. 

aegyptiaca was investigated as a mosquito larvicide. Both 

extracts were tested against second and fourth instar larvae of 

the three mosquito species namely Anopheles arabiensis, Culex 

quinquefasciatus, and A. aegypti, and LC 50 and LC 90 values 

were determined. Second instar larvae were more susceptible 

than fourth instar larvae in all cases. The larvae of Anopheles 

arabiensis were more susceptible than Culex quinquefasciatus 

and A. aegypti. The saponin was more active than the water 

extract
32

.  

Various mesocarp extracts, viz. chloroform, methanol, butanol 

and ethyl acetate showed larvicidal activity against A. aegypti 

mosquito larvae. The highest larval mortality was found in 

methanolic extract. The amount of saponin is correlated with 

larval mortality
33

.  
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Administration of the aqueous bark extract to biliary duct-

ligated rats showed a dose-dependent significant decrease in 

serum bilirubin level. For three days, the animals were given 

different concentration of the extract intraperitoneally. The 

bilirubin concentration was reduced by 22.2% in the animal that 

received 1.2 g bark extract each day, by 31.6% in those given 

2.4 g, and by 45.9% in those given 4.8 g
34,35

. 

The pure saponin, extracted from the fruit mesocarp, and water 

extracts have been reported as hypoglycemic agent when tested 

on albino rats in different concentrations using Daonil as a 

standard medication. The aqueous extract of the mesocarp of 

fruits was reported to have antidiabetic effect in streptozotocin-

induced diabetic mice. It also inhibited Escherichia coli
36

  

Bark aqueous extract of B. aegyptiaca were used in treatment of 

both AIDS and Leukemia. An oral administration of the aqueous 

extract (30% w/v given at 100 ml every 8 hours for 30 days) for 

the treatment of HIV patients have shown excellent results. The 

same was given to patients with leukemia and a good increase in 

platelets and a normal blood differential reading after one month 

was noted
37

. 

It seems that B. aegyptiaca has potent wound-healing activity, as 

evident from the wound contraction. The plant also possesses 

potent antioxidant activity by inhibiting lipid peroxidation, 

bleaching DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical, and 

protecting against oxidant injury to fibroblast cells
38

.  
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It is reported that whole and extracted pulp of B. aegyptiaca 

fruits possess a hypocholesterolemic effect when tested on adult 

Albino rats
39

. 

The ethanol and methanolic extract of leaves of B. aegyptiaca 

dxerted diuretic effect when tested on Wistar albino rats with 

(150 and 300 mg/kg) oral doses. Frusemide was used as 

standard. Ethanol and methanol extracts showed  significant 

(P<0.05) increase in the urine volume and electrolyte excretion 

(P<0.001) when compared with control
40

.  

1.2- Hagenia abyssinica 

  

       Hagenia abyssinica 

Hagenia abyssinica is a slender tree up to 20 m tall, with a short 

trunk and thick branches; branchlets covered in silky brown 

hairs and ringed with leaf scars. Bark thick, brown or reddish-

brown and readily peeling. No thorns or buttresses. Leaves 

compound, 40 cm long, in terminal tufts; leaflets pale or bright 
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green above, with silvery hairs below, reddish and sticky when 

young, 3-6 pairs plus a terminal leaflet, each about 10 cm long; 

margin finely toothed and fringed with long hairs; leaf stalks 12 

cm long, with expanded wings formed from the stipules, densely 

hairy on the underside. Flowers in handsome multibranched, 

terminal, drooping panicles up to 60 cm long and 30 cm wide, 

polygamo-dioecious, female heads pinkish-red, clearly veined, 

bulkier than the more feathery orange-buff to whitemale heads
41

. 

Fruit small, dry, winged, asymmetric, single seeded, brown 

syncarp with a single more or less ovoid carpel and fragile 

pericarp.Hagenia is a monospecific genus and is most closely 

related to the monospecific genus Leucosidea. The specific 

name means ‘from Ethiopia
41

. 

Trees have either male or female flowers. Flowering and 

seeding can be observed throughout the year with a break in the 

months with the coldest temperatures
41

. 

 In Kenya, the species can be found on the slopes of Mt. Kenya, 

Mt. Elgon, the Aberdares, Cherangani Hills and the slopes of 

other high hills or mountains. It occurs in undifferentiated afro-

montane forest (mixed Podocarpus forest, Juniperus-Podocarpus 

forest) and dry single dominant afro-montane forest (Juniperus 

forest or forest dominated by Hagenia), especially along the 

upper limit; often associated with Schefflera abyssinica, S. 

volkensii, Galiniera saxifraga, Rapanea melanophloës and with 

the mountain bamboo, Arundinaria alpina; at lower altitudes 
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often at forest margins. This is a very clear example of an afro-

montaneende
41

. 

The plant contains a volatile oil, a bitter acrid resin, tannic acid, 

and a bitter principle called A Kosin and B Kosin. The principle 

constituent is Koso-toxin, a yellow amorphous body, possibly 

closely allied to filicia acid, and Rottlerin; other inactive 

colourless bodies are crystalline Protokosin and Kosidin
41

. 

H. abyssinica is a good source of firewood and charcoal. Wood 

is dark red, medium soft but not durable; it is used for furniture, 

poles, flooring, carving and cabine making
41

. 

The roots are cooked with meat and the soup drunk for general 

illness and malaria, while the dried and pounded female 

inflorescence is used as an anthelmintic (especially for 

tapeworm). Bark may be pounded, added to cold water and the 

liquid drunk as a remedy for diarrhoea and stomach-ache. 

Generally, this is a strong medicine that must not be taken in 

large quantities; it is sometimes taken as an abortifacient
41

. 

The species is employed in soil-conservation activities. Hagenia 

constantly sheds leaves, providing mulch and green manure. 

This attractive tree is suitable for planting in amenity areas
41

. 

 

 

 

1.3- Cisuss species 
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The generic name: Cissus is derived from a Greek word 

meaning "Ivy". Cissus is a genus of approximately 350 species 

of woody vines in the grape family (Vitaceae). They have 

cosmopolition distribution, though the majority  are to be found 

in the tropics
42

. 

Cissus quadrangularis has been evaluated for potential medical 

uses. As source of carotenoids, triterpenoids and ascorbic acid, 

the extracts of the plant may have potential of medical effects 

including gastroprotective, activity and benefits in terms of lipid 

metabolism and oxidative stress. Cissus quadrangularis is used 

by the Masaya of Kenia to reieve some symptons of malaria. 

Cisuss antactica, Cisuss alata and Cisuss incisa are cultivated as 

garden plants
42

 

Cisuss verticillata is best known for its hyperglycaemic and 

anti-lipemic action. In Brazilian ethnopharmacology it is called 

"plant insulin" and the species is used mostly against diabetes as 

well as abscesses, haemorrhage and epilepsy
43

. 

The traditional healers of South Cameron use Cisuss petiolata in 

the treatment of fibromyoma, a disease shich causes 

infertility
44

.The antmicrobial activity of the methanolic extract 

of  Cisuss petiolata was studied
45

. At a dose of 250μg/ml the 

extract was active against M.tuberculosis. Images of some 

Cisuss species are shown below: 
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 Cisuss nodosa  

 

 

Cisuss verticillata 
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Cisuss javana 

 

1.4-The flavonoids           

Flavonoids consist of a large group of polyphenolic compounds 

having a benzo-𝛾-pyrone structure and are ubiquitously present 

in plants. They are synthesized by phenylpropanoid pathway. 

The secondary metabolites of phenolic nature including 

flavonoids are responsible for the variety of pharmacological 

activities
46,47

. Flavonoids are hydroxylated phenolic substances 

and are known to be synthesized by plants in response to 

microbial infection
48

. Their activities are structure dependent. 

The chemical nature of flavonoids depends on their structural 

class, degree of hydroxylation, other substituents, conjugation 

and degree of polymerization
49

. Functional hydroxyl groups in 

flavonoids mediate their antioxidant effects by scavenging free 

radicals and/or by chelating metal ions
50,51

. The chelation of 

metals could be crucial in the prevention of radical generation 



21 
 

which damage target biomolecules
52,53

. As a dietary component, 

flavonoids are thought to have health-promoting properties due 

to their high antioxidant capacity both in vivo and in vitro 

systems
54,55

. 

Over 8,000 varieties of flavonoids have been identified
56

, which 

are widely distributed in the leaves, seeds, bark and flowers of 

plants. In the human diet, these compounds are most 

concentrated in fruit, vegetables, tea and coca. In plants, these 

compounds afford protection against ultraviolet radiation, 

pathogens, and herbivores
57

. 

Flavonoids play important biochemical and physiological roles 

in the various cell types or organs. Different classes of 

flavonoids and their conjugates have numerous functions. Due 

to the interaction of plant with environment, both biotic and 

abiotic stress conditions are expected
58

. 

1.4.1- Chemistry of flavonoids 

Chemically flavonoids are based upon a fifteen-carbon skeleton 

consisting of two benzene rings (A and B) linked via a 

heterocyclic pyrane ring (C) (1). 

 

 

O

1

2

3

45
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7

8 1/
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Flavonoids occur as aglycones, glycosides, and methylated 

derivatives. The basic flavonoid structure is an aglycone.; a six- 

membered ring is condensed with a benzene ring which is either 

an 𝛼-pyrone (flavonols and flavanones) or its dihydro derivative 

(flavonols and flavanones). The position of the benzenoid 

substituent divides the flavonoids into: flavonoids (2-position) 

and isoflavonoids (3-position). Flavonols differ from flavanones 

by hydroxyl group at the 3- position and a C2–C3 double bond
59

. 

Flavonoids are often hydroxylated in positions 3, 5, 7, 2, 3
/
, 4

/
, 

and 5
/
. Methyl ethers and acetyl esters of the alcohol group are 

known to occur in nature. When glycosides are formed, the 

glycosidic linkage is normally located in positions 3 or 7 and the 

carbohydrate can be L-rhamnose, D-glucose, glucorhamnose, 

galactose, or arabinose
60

.                                                  

The classification of flavonoids is based initially on a study of 

solubility properties and colour reaction
61

. The various classes 

of flavonoids differ in the level of oxidation and pattern of 

substitution of the C ring, while individual compounds within a 

class differ in the pattern of substitution of the A and B 

rings
62,63

. Both the oxidation state of the heterocyclic ring and 

the position of ring B are important in classification. 

Flavonoids can be classified according to the modification of the 

flavonoids nucleus into nine groups: chalcones, aurons, 

flavanones, dihydroflavonoids, flavones, isoflavones, 

anthocyanins, flavonols, flavanols. Compounds belonging to the 
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same group differ between them by the degree and the position 

of hydroxylation, the presence of substituents on the nucleus and 

the state of their polymerization
64

.  

However, flavonoids can be classified according to their 

biosynthetic origin. Some flavonoid classes are intermediates in 

biosynthesis as well as end-products, which can acculmulate in 

plant tissues. The latter include: chalcones, flavonones, flavan-

3-ols and flavan-3, 4-diols. Other classes, for instance the pro-

anthocyanins, flavones and flavanonols only exist as 

biosynthetical end-products
65

.  

Anthocyanins belong to a wider class of phenolic compounds 

and are glycosides of polyhydroxy and polymethoxy derivatives 

of 2-phenylbenzopyrylium or flavylium salts
63,66

. The most 

common sugar components of anthocyanins are glucose, 

glalactose and arabinose, which are usually conjugated to the 

anthocyanidin molecule via C-ring C-3 hydroxyl group
65

. The 

differences between individual anthocyanins relate to the 

number of hydroxyl groups, the nature and number sugars 

attached to the molecule, the position of this attachment and the 

nature and number of aliphatic or aromatic acids attached to the 

sugars in the molecule
65,67

. Some anthocyanins comprise 

multiple sugar moieties involving hydroxyl functionalities of the 

aglycone molecule other than C-3
54

. Most of anthocyanidins are 

partly responsible for colour variation in fruits and flower.     
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The most common anthocyanidins are: pelargonidin (2) cyanidin 

(3), and delphindin (4)
  
and peonidin(5)

65
.  

 

 

 

                         (2)                                           (3) 

 

 

 

 

                         (4)                                          (5) 

 

                     

Flavonols are mainly colourless co-pigments in both cyanic an 

acyanic flower. They are widespread in leaves. There is a 

considerable number of known flavonols but only three are at all 

common: kaemferol (6), quercetin (7) and myricetin (8) 
61

. 
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O

OH

R1

OH

R2

OH

O

HO

(6), R1 = R2 =H
(7), R1=OH, R2 =H

(8), R1= R2 = OH  

 

The name flavone was suggested for 2-phenylbenzopyrone. 

While thename flavonol has been given to 3-hydroxyflavone. 

There are only two common flavones, namely, apigenin (9) and 

luteolin (10)
61

.  

 

O

OH

OH

O

HO

R

(9), R =H
(10), R =OH  

 

Flavone only differ from flavonols in lacking a 3-hydroxyl 

substitution; this affects their UV absorption, chromatographic 

mobitity and colour reaction and simple flavones can be 

distinguished from flavonols on these basis
61

.  
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Flavanone (11) is colourless substance and hydroxylated 

flavanones occur either in the free form or in combination as 

glycosides in flowers, fruits, leaves, bark and roots and appear to 

be of fairly general distribution, especially in higher plant
68

. 

Chemically flavanones differ from flavones in being saturated 

between carbon 2 and 3 thus lacking the conjugation of a double 

bond between the carbonyl group, conjugated with the (A-ring), 

and the 2-phenyl group (B-ring). 

O

A

B

O

(11)  

 

Flavanones are isomeric with chalcones and the two classes are 

inter-convertible in vitro. Chalcones are frequently found in 

nature together with flavanone analogues, but the converse is 

not always true
69

. The most common flavanones are naringenin 

(12), eridictyol and hespertin (13)
65

. 

O

O

R

OH

OH

HO

(12), R = H
(13), R = OH  
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Isoflavones are isomeric with flavones but are much rarer in 

their occurrence
61

.  In isoflavones the B-ring is substituted at C-

3 instead of C-2 for the other flavonoids. Isoflavones can be 

divided into categories on their physiological properties. 

Compounds such as 7, 4
/
-dihydroxyisoflavones-daidzein (14) 

and 5, 7, 4
/
-trihydroxyisoflavone-genistien (15) are weak natural 

estrogens, present in clover
61

. 

 

 

Chalcones are the open-chain flavonoids in which two aromatic 

rings (A and B) are linked  by an aliphatic three-carbon chain 

which does not participate in forming a hetero ring as is usually 

found in other types of flavonoid compounds
68

. Naturally 

occurring chalcones are all hydroxylated to a greater or lesser 

extent. The A-ring substitution pattern is usually based upon the 

phloroglucinol system (2
/
, 4

/
, 6

/
- trihydroxybenzene). The B-ring 

oxiginates from a phenylpropanoid precursor and thus most 

commonly exhibits a 4-mono, 3, 4-di-, or 3,4, 5-trihydroxylation 

pattern. Structures, which vary from the common types, 

however, are found. It should be noted that the numbering of the 

position of substitution in the chalcone nucleus is reversed from 

O

OR

HO

OH

(14), R = H
(15), R =OH
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that in most other flavonoids, i.e the A-ring is numbered 2
/
-6

/
 

and the B-ring 2-6 (16). 

A

B

32

4

56

6/

5/

4/

3/

2/

O

(16)  

 

Besides their biosynthetic importance as the first isolable C15 

precursors in flavonoid biosynthesis, the chalcones play an 

ecological role in nature, in relation to plant colour
69

. Atypical 

chalcone is butein (17) occur naturally as glycosides
61

. 

CO

CH

CH OH
HO

(17)

OH

 

The aurones are not restricted to floral tissue but have been 

obtained from bark, wood and leaves as well. Chemically, 

aurones are based on the 2-benzylidene-coumaranone or 2-

benzylidene-3(2H)-benzofuranone system (18)
70

.  

A

(18)
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Aurones are most easily discussed by grouping them according 

to the number of hydroxyl groups present in the B-ring. A 

common aurone is aureusidin (19) occur naturally as 

glycosides
61

. 

C

O

C

OOH

HO

(19)

CH

OH

OH

 

 

The neoflavonoids are structurally and biogenetically closely 

related to the flavonoids and isoflavonoids and comprise the 4-

arylcoumarins (4-aryl-2H-1-benzopyran-2-ones) (20), 3, 4-

dihydro-4-arylcoumarins (21), and neoflavenes (22)
71

. 

O O

(20)  

O O

*

(21)  
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O

(22)  

 

Natural products such as chalcones and aurones also contain a 

C6-C3-C6 backbone and are considered to be minor flavonoids.  

 

OH

O

AB

2/

(23)  

 

These groups of compounds include the 2
/
-hydroxychalcones 

(23), 2
/
-OH-dihydrochalcones (24), 2

/
-OH-retrochalcones (25), 

aurones (2-benzylidenecoumarauone) (26), and auronols
   
(27)

 71
. 
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OH

O

2/

(25)  

 

O

B

A

O

(26)  

O
OH

O

*

(27)  

 

Dihydroflavonol or 3-hydroxyflavanones has wide distribution 

in the plant kingdom. The most common members of this group 

are: dihydroquercetin (28), dihydrokaempferol (29), 

dihydromyricetin (30)
72

.  

Dihydroflavonol have two asymmetric carbons at C-2 and C-3. 

Most dihydroflavonols are polyhydroxylated and some are 

partially O-methylated. Dihydroflavonols have a very wide 

natural occurrence. Dihydroquercetin, for example, has been 

found in 50 angisoperm families. The most significant biological 

property is their antimicrobial activity
73

.  
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1.4.2- Optical activity of flavonoids 

The flavonoids are a class of natural product that gains interest 

due its great variety and the number of its members. The 

flavonoids are often hydroxylated in positions 3, 5, 7, 3
/
, 4

/
, and 

5
/
. Such hydroxyls are frequently methylated, acetylated, or 

sulphated. The actual number of flavonoids that have been 

found so far and for which the structure has been completely 

O
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OH

OH

OH
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elucidated is large, but probably does not exceed 1% of the 

theoretical number of possible variants. This abundance of 

variants is further augmented by the chirality of the subunits and 

their connections. Since many stereoisomers do not differ 

significantly in their electronic or fluorescence spectra so the 

optical activity of the species is often a useful antalytical 

parameter
74

.                                                                                                         

1.4.3- Functions of flavonoids in plants  

Anthocyanin pigment present in flowers provide colour which 

contributes to pollination
75-77

. Flavonoids present in leaves 

promote physiological survival of plant by protecting it from 

fungal infections and UV radiations. In addition, flavonoids are 

involved in photosensitisation, energy transfer, respiration and 

photosynthesis control, morphogenesis, sex-determination, 

energy transfer
76

. 

1.4.4- Distribution of flavonoids 

Flavonoids are widely distributed among the plant 

kingdom
76

.Flavonoids are found in vegetables, fruits, nuts, 

seeds, stem, flowers, tea, wine etc. These are an integral part of 

our daily diet
54,78,79

. The dietary intake of flavonoids is estimated 

to be 1-2 g/day
80

. The average intake of flavonols and flavones 

was found to be 23 mg/day, among which, flavonol quercetin 

contributed 16 mg/day
75

. 
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1.4.5- Biosynthesis of flavonoids 

The flavonoid pathway is part of the larger phenylpropanoid 

pathway, which produces a range of other secondary 

metabolites, such as phenolic acids, ligins, lingnans, and 

stilbenes. 

The key flavonoid precursors are phenylalanines, obtained via 

the shikimate pathway, and malonly-CoA derived from citrate 

produced by the TCA cycle. 

Most flavonoid biosynthetic enzymes characterized to date are 

thought to operate in enzyme complexes located in the cytosol. 

Flavonoid end products are transported to various subcellular or 

extracellular locations, with those flavonoids involved in 

pigmentation generally being transported into the vacule
81

. 

The first flavonoids, the chalcones, are formed from HCA-CoA 

esters, usually 4-coumaroyl-CoA, in three sequential reactions 

involving the "extender" molecule malonyl-CoA. In a few 

species, caffeoyl-CoA and feruloyl-CoA may also be used as 

substrates for chalcone formation
81

. 

4-Coumaroyl-CoA is produced from the amino acid 

phenylalanine by what has been termed the general 

phenylpropanoid pathway, through three enzymatic conversions 

catalyzed by phenylalanine ammonia-lyase (PAL), cinnamate 4-

hydroxylase (C4H), and 4-coumarate: CoA ligase (4CL)
81

. 

Malonyl-CoA is formed from acetyl-CoA by acetyl-CoA 

carboxylase (ACC). Acetyl-CoA may be produced in 
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mitochondria, plastids, peroxisomes, and the cytosol by a variety 

of routes. It is the cytosolic acetyl-CoA that is used for 

flavonoid biosynthesis, and it is produced by the multiple 

subunit enzyme ATP- citratelyase that converts citrate, ATP, 

and Co-A to acetyl-CoA, oxaloacetate, ADP, and inorganic 

phosphate
82

. 

Many other compounds are involved in flavonoid biosynthesis 

in some species, for example, as donors for methylation or 

aromatic or aliphatic acylation. For intact plants, these are 

generally accepted to be available in the cell for the reaction to 

proceed if the appropriate modification activity is present
81

. 

The most important enzyme-catalzed reaction leading to the 

production of chalcones and 6
/
-deoxchalcones(34) is gives in 

scheme I. Central to this scheme is the biosynthesis of 2
/
,4

/
,6

/
,4-

tetrahydroxychalcone, which is also known by the trivial names 

of chalconaringenin or naringenin chalcone (35). 

This compound is formed by sequential condensation of three 

molecules of malonyl co enzyme A (malonyl-CoA) (31) with 

one of P-coumarolyl –CoA (32), a reaction catalyzed by 

chalcone synthase
83

. The final step is believed to be the 

cyclizaton of tetraketide precursor (33) (scheme I). 

The production of chlacones as natural product represents the 

convergence of two biosynthetic pathways, the acetate (leading 

to the A-ring) and the shikimate (leading to the B-ring) 

respectively. 
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An enzyme involved in aurones biosynthes has been identified 

for the firt time
84

. The aglycones of aurone glycosides such as 

the 6-O-glucoside of aureusidin (4,6,3
/
,4

/
-tertrahydroxyaurone) 

(38) and bracteatin (4,6,3
/
,4

/
,5

/
-pentahydroxyaurones) (39) are 

now known to be formed through the action of aureusidin 

synthase on the chalcone precursors, chalconaringenin 

(2
/
,4

/
,6

/
,4-tetrahydroxychalcone) (36) and 2

/
,4

/
,6

/
,3,4-

pentahyroxychalcone(37) (scheme II)
85-87

. 

Two important features of the mechanism involving aureusidin 

synthase (scheme II) are the ortho-hydroxylation of the chalcone 

4-pentahydroxy chalcone, presumably by the initial 

transformation of the o-dihydroxy B-ring of the latter to an o-

diquinone. The biosynthetic origin of aurones with only one or 

no hydroxyl groups in the B-ring is unknown at present. 

Flavanone are formed from chalcones (40) by isomerization. 

There is evidence for the in vitro and in vivo existence of 

equilibrium between flavanones and the corresponding 

chalcones
88

. 

The inter conversion between chlcones and flavanone is 

catalyzed in vivo by enzyme as chalcone isomerase. The 

important feature of this enzymatic reaction is the stereo 

specificity, apparent in (S) chirality of   C-2 in flavanone 

derivative. Therefore, it is not accidental that all the flavanones 

found in nature have the (S) configuration at C-2 and are 

levorotatory. With chalcones having at least two free hydroxyl 
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groups at C-2 and C-6, the equilibrium in aqueous solution is 

completely and rapidly shifted to the flavanone (41) (scheme 

III). 
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The stabilization energy of the strong hydrogen bond between 

carbonyl group and the ortho-phenolic hydroxyl group greatly 

influence the position of equilibrium and the inter conversion 

rate. When only one hydroxyl is available, either for the 

cyclization or for hydrogen bonding, the system ends to remain 

in the open form (chalcone form). 

The key step in isoflavone formation is the 2, 3-migration of the 

aryl side chain of a flavonane - chalcone intermediate. An 

enzyme activity catalyzing this transformation was found in 

microsomal preparation from elicitor-challenged soybean cell 

suspension cultures. It transforms (2S)-narigenin (flavanone) 

(41) into genisten
89 

(43) (scheme IV). 

It was found that two enzymatic steps are involved in this 

transformation. The first step comprises oxidation and 

rearrangement of naringenin to 2-hydroxy-2,3-dihydrogenistein 

(42). This step is strictly dependant on NADPH and molecular 

oxygen. The second enzyme which catalyses the elimination of 

water from the 2-hydroxyisoflavanone is in the soluble fraction 

and not yet been characterized
90

. For the following reasons, 

(2S)-flavanones and not the chalcones are very probably the 

actual substrates: 
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 A stereospecific incorporation of (2S)-naringenin into 

biochanin A (5,7-dihydroxy-4
/
-methoxyisoflavone )

91
. 

 Only the (2S) but not the (2R) enantiomer acts as 

asubstrate in vitro
91

. 

 The equilibrium of 4,2
/
,4

/
,6

/
-tetrahydroxychalcones is at 

least 1000:1 in favour of the flavanones
92

. 

The hypothetical path way from (2S)-flavanone to isoflavone 

(scheme IV) is consistent with the participation of NADPH and 

molecular oxygen. The sequence of events may be initiated by 

an epoxidation step, protonation and subsequent cleavage of the 

epoxide would render appositive charge to the B-ring. Keto-enol 

tautomerism, as indicated by proton exchange at C-3 in 

flavanones
93

 which allows homoallyic interaction between C-3 

and C-1
/
, and rearrangement of the structure then take place. 
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Addition of hydroxyl in to C-2 leads to the 2-hydroxy              

isoflavanone intermediate, which is transformed to the 

isoflavone by elimination of water molecule. 
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The in vitro conversion of flavanones to flavones was first 

observed in parsley plants
94

. The reaction has been studied in 

more detail in parsley cell suspension cultures
95 

and in 

antirrhinum flower
96

. The parsley enzyme requires 2-

oxoglutarate, Fe
+2 

and possibly ascorbate as Co-factors. This 

Co-factor requirement would classify it as belonging to the 2-

oxoglutarate dependant dioxygenases
97

. Ascorbate stimulates 

this and other 2-oxoglutarates-dependant dioxygenases involved 

in the flavonoid pathway and, in addition, exhibits a remarkable 

stabilizing effect on the enzyme activity
98

. In antirrhinum
96

 and 
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in other plants including Verbena
99

, Dahlia, Streptocarpus and 

Zinnia
100

, oxidation of flavanone to flavone is catalyzed by a 

microsomal enzyme requiring NADPH as Co-factor. 

Both the parsly and the flower enzyme catalyzed the reaction 

from (2S)-naringen (flavanone) to apigenin (flavone) (scheme 

V). The mechanism of double bond formation is still unclear. It 

has been suggested that 2-hydroxyflavanone is formed in the 

first step, and water is then eliminated via a dehydrates
95,96

. 

However, no such 2-hydroxy intermediated has yet been 

observed even with a nearly homogenous enzyme protein
98

. On 

the other hand, 2-hydroxyflavones certainly exist as plant 

metabolites and indeed are the substrates in C-glycosyl flavones 

formation
101

. 

OHO

O

OH

(41)

OHO

O

OH

HO

OH

(O)

- H2O-H2

OHO

O

OH

OH

Scheme V Biosynthesis of f lavones
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Enzymatic conversion of dihydroflavonols to flavonols was first 

observed with enzyme preparations from parsley cell suspension 

cultrures
95

. Synthesis of flavonols was found to be catalyzed by 

a soluble 2-oxoglutarate-dependant oxygenase. 

Flavonol synthesis, most probably, proceeds via a 2-hydrroxy 

intermediate such as hydroxyl-dihydrokaempferol (45) with 

subsequent dehydration, giving rise to the respective flavonols 

(46)
102

 (scheme VI). 

Flavonol synthase has also been demonstrated in flower extracts 

from Mattiola
103 

and Petunia
104

. As in parsley, flavonol 

formation in these flowers is catalyzed by a soluble 2-

oxoglutarate-dependant dioxygenase. 
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1.4.6- Biological activities of flavonoids 

Flavonoids have been reported to exert wide range of biological 

activities. These includes: anti-inflammatory, antibacterial, 

antiviral, antiallergic
54,58,105 

, cytotoxic antitumour, treatment of 

neurodegenerative diseases, vasodilatory action
105-108

. In 

addition flavonoids are known to inhibit lipid-peroxidation, 

platelet aggregation, capillary permeability and fragility, cyclo-

oxygenase and lipoxygenase enzyme activities. They exert these 

effects as antioxidants, free radical scavengers, chelators of 

divalent cation
54,108,109

. These are also reported to inhibit variety 

of enzymes like hydrolases, hyalouronidase, alkaline 

phosphatise, arylsulphatase, CAMP phosphodiesterase, lipase, 

α-glucosidase, kinase
110

. 

Flavonoids are powerful antioxidants against free radicals and 

are described as free-radical scavengers
111

. This activity is 

attributed to their hydrogen-donating ability. Indeed, the 

phenolic groups of flavonoids serve as a source of a readily 

available ‘‘H” atoms such that the subsequent radicals produced 

can be delocalized over the flavonoid structure
65

.  

Free radical scavenging capacity is primarily attributed to high 

reactivities of hydroxyl substituents that participate in the 

reaction
65

 as shown : 

 
. .
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Flavonoids inhibit lipid peroxidation in vitro at an early stage by 

acting as scavengers of superoxide anion and hydroxyl radicals. 

They terminate chain radical reaction by donating hydrogen 

atom to a peroxy radical, thus, forming flavonoids radical, 

which, further reacts with free radicals thus terminating 

propagating chain
54112

. Naturally, the organism has developed a 

defence against toxic substances such as peroxynitrite and 

nitrous acid. An important mechanism is catalyzed by the 

enzyme superoxide dismutase (SOD), which converts two 

superoxide anions to H2O2 and O2
74

.                                                                                     

Flavonoids are known to be synthesized by plants in response to 

microbial infection; thus it should not be surprising that they 

have been found in vitro to be effective antimicrobial substances 

against a wide array of microorganisms. Flavonoid rich plant 

extracts from different species have been reported to possess 

antibacterial activity
113-116

 Several flavonoids including 

apigenin, galangin, flavone and flavonol glycosides, isoflavones, 

flavanones, and chalcones have been shown to possess potent 

antibacterial activity
117

. 

Antibacterial flavonoids might be having multiple cellular 

targets, rather than one specific site of action. One of their 

molecular actions is to form complex with proteins through 

nonspecific forces such as hydrogen bonding and hydrophobic 

effects, as well as by covalent bond formation. Thus, their mode 

of antimicrobial action may be related to their ability to 
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inactivate microbial adhesins, enzymes, cell envelope transport 

proteins, and so forth. Lipophilic flavonoids may also disrupt 

microbial membranes
118.119

. 

Catechins, the most reduced form of the C-3 unit in flavonoid 

compounds, have been extensively researched due to their 

antimicrobial activity. These compounds are reported for their in 

vitro antibacterial activity against Vibrio cholerae, 

Streptococcus mutans, Shigella, and other bacteria
120-121

. The 

catechins have been shown to inactivate cholera toxin in Vibrio 

cholera and inhibit isolated bacterial glucosyltransferases in S. 

mutans, probably due to complexing activities
120,122

. Robinetin, 

myricetin, and (−)-epigallocatechin are known to inhibit DNA 

synthesis in Proteus vulgaris. The B ring of the flavonoids may 

interchelate or form hydrogen bond with the stacking of nucleic 

acid bases and further lead to inhibition of DNA and RNA 

synthesis in bacteria
123

. Another study demonstrated inhibitory 

activity of quercetin, apigenin, and 3,6,7,3
/
,4

/
-pentahydroxy- 

flavone against Escherichia coli DNA gyrase
124

. 

Naringenin and sophoraflavanone G have intensive antibacterial 

activity against methicilline resistant Staphylococcus aureus 

(MRSA) and Streptococci. An alteration of membrane fluidity in 

hydrophilic and hydrophobic regions may be attributed to this 

effect which suggests that these flavonoids might reduce the 

fluidity of outer and inner layers of membranes
125

. The 

correlation between antibacterial activity and membrane 
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interference supports the theory that flavonoids may 

demonstrate antibacterial activity by reducing membrane 

fluidity of bacterial cells. The 5,7-dihydroxylation of the A ring 

and 2
/
,4

/
-or 2

/
,6

/
- dihydroxylation of the B ring in the flavanone 

structure is important for anti-MRSA activity
126

. A hydroxyl 

group at position 5 in flavanones and flavones is important for 

their activity against MRSA. Substitution with C-8 and C-10 

chains may also enhance the antistaphylococcal activity of 

flavonoids belonging to the flavan-3-ol class
127

. 

Osawa et al.
128

 have shown that 5-hydroxyflavanones and 5-

hydroxyisoflavanones with one, two, or three additional 

hydroxyl groups at the 7, 2
/
 and 4

/
 positions inhibited the growth 

of S. mutans and Streptococcus sobrinus
123

. Haraguchi and 

colleagues
126

 studied antibacterial activity of two flavonoids, 

licochalcones A and C, isolated from the roots of Glycyrrhiza 

inflata against S. aureus and Micrococcus luteus. They observed 

that licochalcone A inhibited incorporation of radioactive 

precursors into macromolecules (DNA, RNA, and protein). This 

activity was similar to the mode of action of antibiotics 

inhibiting respiratory chain, since energy is required for active 

uptake of various metabolites as well as for biosynthesis of 

macromolecules. After further studies it was suggested that the 

inhibition site of these flavonoids was between CoQ and 

cytochrome 𝑐 in the bacterial respiratory electron transport 

chain
126

. There are many examples that lend support to the 
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process of phytoconstituents derived from edible and medicinal 

plants as potent antibacterial   agents
129-131

. 

Flavonoids have been ascribed a wide range of beneficial 

properties related to human health, including cancer
132-137

 ; 

cardiovascular diseases
138

 ; including coronary heart 

disease
133,135,139

 and atherosderosis
139

 ;  inflammation
135,141

 ; and 

other diseases in which an increase in oxidative stress has been 

implicated
142-145

.Their ability to act as classical electron-

(hydrogen-) donating antioxidants in vitro has been intensively 

reported
146-148

 and used to explain their protective effects against 

oxidative stress. Structurally important features that define this 

antioxidant activity are the hydroxylation pattern, in particular a 

3
/
, 4

/
-dihydroxycatechol structure in the B-ring and the presence 

of 2,3 unsaturation in conjugation with a 4-oxo-function in the 

C-ring
148

. 

The antioxidant efficacy of flavonoids has been described for 

protection against oxidative damage to avariety of cellular 

biomolecules. For example, flavonoids inhibit the oxidation of 

low-density lipoprotein
149-153

. 

And deoxyribon nucleic acid (DNA)
154-157 

in vitro. In addition, 

flavonoids are effective scavengers of reactive nitrogen species 

in the form of peroxynitrite
158-161 

and limit dopamine oxidation 

mediated by peroxynitrite in structure-dependent way involving 

oxidation or nitration of the flavonoid ring system
162

. 

Furthermore, their antioxidant properties have also been 
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attributed to their abilities to chelate transition metal ions
163-166

 

and their potential to quench singlet oxygen
167,168

.  

A number of studies have investigated the ability of flavonoids 

to protect against neuronal death induced by oxidative    

stress
169-173

. For example, flavonoid such as epicatechin and 

quercetin have been shown to reduce the neurotoxicity induced 

by oxidized low-density lipoprotein
173-176

. 

There has been an equivalent amount of interest in the ability of 

flavonoids to protect against oxidative injury, particularly that 

induced by hydrogen peroxide, in a variety of cell systems. For 

example, the flavanol  epicatechin has been show to evoke 

strong protection against cell damage, caspase-3activation, and 

binding of annexin v-cy3.18 (an early marker of opoptosis) 

induced by hydrogen peroxide in dermal fibroblasts
177,178

 and 

primary cortical neurous
178

. Ouercetin and another flavonol, 

kaempferol, as well as catechin and flavone taxifolin, have been 

observed to suppressthe cytotoxicity of O2 and H2O2 to chinese 

hamster V79 cells, as assessed by the ability of the flavonoids to 

prevent the decrease in the number of cell coloies induced by the 

oxidants
179

. 

Inflammation is a normal biological process in response to tissue 

injury, microbial pathogen infection, and chemical irritation. 

Inflammation is initiated by migration of immune cells from 

blood vessels and release of mediators at the site of damage. 

This process is followed by recruitment of inflammatory cells, 
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release of ROS, RNS, and proinflammatory cytokines to 

eliminate foreign pathogens, and repairing injured tissues. In 

general, normal inflammation is rapid and self-limiting, but 

aberrant resolution and prolonged inflammation cause various 

chronic disorders
180

. 

The immune system can be modified by diet, pharmacologic 

agents, environmental pollutants, and naturally occurring food 

chemicals. Certain members of flavonoids significantly affect 

the function of the immune system and inflammatory cells
181

. A 

number of flavonoids such as hesperidin, apigenin, luteolin, and 

quercetin are reported to possess anti-inflammatory and 

analgesic effects. Flavonoids may affect specifically the 

function of enzyme systems critically involved in the generation 

of inflammatory processes, especially tyrosine and serine-

threonine protein kinases
182,183

. The inhibition of kinases is due 

to the competitive binding of flavonoids with ATP at catalytic 

sites on the enzymes. These enzymes are involved in signal 

transduction and cell activation processes involving cells of the 

immune system. It has been reported that flavonoids are able to 

inhibit expression of isoforms of inducible nitric oxide synthase, 

cyclooxygenase, and lipooxygenase, which are responsible for 

the production of a great amount of nitric oxide, prostanoids, 

leukotrienes, and other mediators of the inflammatory process 

such as cytokines, chemokines, or adhesion molecules 

significantly affect the function of the immune system and 
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inflammatory cells
181

. A number of flavonoids such as 

hesperidin, apigenin, luteolin, and quercetin are reported to 

possess anti-inflammatory and analgesic effects. Flavonoids 

may affect specifically the function of enzyme systems critically 

involved in the generation of inflammatory processes, especially 

tyrosine and serine-threonine protein kinases
182,183

. The 

inhibition of kinases is due to the competitive binding of 

flavonoids with ATP at catalytic sites on the enzymes. These 

enzymes are involved in signal transduction and cell activation 

processes involving cells of the immune system. It has been 

reported that flavonoids are able to inhibit expression of 

isoforms of inducible nitric oxide synthase, cyclooxygenase, and 

lipooxygenase, which are responsible for the production of a 

great amount of nitric oxide, prostanoids, leukotrienes, and other 

mediators of the inflammatory process such as cytokines, 

chemokines, or adhesion molecules
184

. Flavonoids also inhibit 

phosphodiesterases involved in cell activation. Much of the anti-

inflammatory effect of flavonoid is on the biosynthesis of 

protein cytokines that mediate adhesion of circulating 

leukocytes to sites of injury. Certain flavonoids are potent 

inhibitors of the production of prostaglandins, a group of 

powerful proinflammatory signaling molecules
185

. 

Reversal of the carrageenan induced inflammatory changes has 

been observed with silymarin treatment. It has been found that 

quercetin inhibit mitogen stimulated immunoglobulin secretion 
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of IgG, IgM, and IgA isotypes in vitro
186

. Several flavonoids are 

reported to inhibit platelet adhesion, aggregation, and secretion 

significantly at 1–10mM concentration
187

The effect of flavonoid 

on platelets has been related to the inhibition of arachidonic 

acidmetabolism by carbon monoxide
188

. 

Alternatively, certain flavonoids are potent inhibitors of cyclic 

AMP phosphodiesterase, and this may in part explain their 

ability to inhibit platelet function. 

The liver is subject to acute and potentially lethal injury by 

several substances includingphalloidin (the toxic constituent of 

the mushroom, Amanita phalloides), CCl4, galactosamine, 

ethanol, and other compounds. Flavonoids have also been found 

to possess hepatoprotective activity. In a study carried out to 

investigate the flavonoid derivatives silymarin, apigenin, 

quercetin, and naringenin, as putative therapeutic agents against 

microcrystin LR-induced hepatotoxicity, silymarin  was found 

to be the most effective one
189

.The flavonoid, rutin and 

venoruton, showed regenerative and  hepatoprotective effects in 

experimental cirrhosis
190

. 

Ulcer is a commonly occurring disease in developed countries 

and its occurrence is emerging with increase in modernisation of 

living standards. The stress hormones like epinephrine, 

norepinephrine, and ACTH, causes a vasoconstriction in the 

integument and the periphery, whereas, they dilate the vessels of 

muscles, heart, and brain. But, if the duration of this state gets 
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prolonged, then blood supply to major organs, e.g., stomach, 

intestine, liver, kidneys, and skin get reduced and thus failing to 

satisfy demand for oxygen, antibodies and other agents that are 

required to maintain a healthy condition. As a result, the stress 

hormones increases the glandular secretion which denatures 

proteins in plasma membranes and catalyses the hydrolysis of 

polysaccharide moieties of proteoglycans in the protective 

mucous coat covering the luminal surface of the stomach and 

the upper intestine to a perilous extent during prolonged stress. 

When the walls of the blood vessels supplying oxygen, 

nutrients, and protective substances to this area gets sufficiently 

weakened, then slight mechanical insults easily cause ruptures, 

resulting in leakage of blood into the tissue. Such events start 

inflammation and repair processes in which eicosanoids, e.g., 

PGs, participate
74

. Flavonoids are favourable, effective, and 

usually innocuous substitutes for the classical therapeutic 

agents. It has also been reported that flavonoids protect against 

gastric cancer. Similar to aspirin, acylated flavonoids may 

transfer their acyl group to the side chain hydroxyl group of 

serine in the active site of COX
74

. Flavonoids glycosides of 

Ocimum basilicum decreased ulcer index and thus inhibit gastric 

acids in aspirin-induced ulcers. Quercetin, Kaempferol, rutin 

when administered intraperitoneally (25-100 mg/kg) inhibited 

dose-dependent gastric damage produced by ethanol in rats
191

. 
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Deregulated proliferation appears to be a hallmark of increased 

susceptibility to neoplasia. Cancer prevention generally is 

associated with inhibition, reversion, or delay of cellular 

hyperproliferation. Most flavonoids have been demonstrated to 

inhibit proliferation in many types of cultured human cancer cell 

lines, whereas they have little or no toxicity to normal human 

cells. For example, Kandaswami and coworkers reported 

antiproliferative effects of four citrus flavonoids (quercetin, 

taxifolin, nobiletin, and tangeretin, at 2-8 μg/ml for 3–7 days) on 

squamous cell carcinoma HTB43 
191

. Kuo showed 

antiproliferative potency of five flavonoids and two 

isoflavonoids (0–100 μM) on colon carcinoma HY29 and Caco-

2 cell lines, with the induction of apoptosis
192

. 
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1.5- Aim of this study           

This study was aimed to: 

 Screening the roots of Balanites aegyptiaca, Psidium 

guajava and seed of Hegeina abyssinica for different 

phytochemicals. 

 Extraction of flavonoids from plants species. 

 Isolation of flavonoids via different chromatographic tools. 

 Elucidation of structure via sensitive analytical tools.  

 Evaluation of antimicrobial activity of different extracts.  
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   2-Materials and Methods 

 

2.1- Materials  

2.1.1- Plant material  

The roots of Balanites aegyptiaca were collected from Singa, 

Gadaref State in October 2013. The roots of Cisuss petiolata 

were collected from Kordofan- west Sudan- during November 

2013.The seeds of Hagenia abyssinica were collected from 

Niala- west Sudan .The plants were kindly authenticated by the 

Department of Phytochemistry and Taxonomy, National 

Research Center, Khartoum.  

2.1.2- Instruments  

UV spectra were run on a Shimadzu UV – 2401PC UV- Visible 

Spectrophotometer. NMR spectra were measured on a Joel ECA 

500 NMR Spectrophotometer. Mass spectra were run on a Joel 

Mass Spectrometer (JMS- AX500).  

2.2- Methods  

2.2.1- Preparation of reagents for phytochemical screening.  

2.2.1.1-Flavonoid test reagents  

- Aluminium chloride solution  

(1 g) of aluminum chloride was dissolved in (100 ml) methanol.  
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- Potassium hydroxide solution  

(1 g) of potassium hydroxide was dissolved in (100 ml) distilled 

water.  

-Ferric chloride solution  

(1 g) of ferric chloride was dissolved in (100 ml) methanol.  

2.2.1.2- Alkaloid test reagents  

Maeyer reagent  

- Mercuric chloride solution: (1.36 g) in (60 ml) distilled 

water.  

- Potassium iodide solution: (5 g) in (10 ml) distilled water  

The two solutions were combined and then diluted with distilled 

water up to (100 ml).  

Wagner reagent  

 (1.27 g) iodine and (2 g) of potassium iodide in (100 ml) 

distilled water.  

2.2.2- Preparation of plant extract for phytochemical 

screening  

 (100 g) Of powdered air- dried plant material were extracted 

with 80% aqueous methanol (soxhelt) until exhaustion.This 

prepared extract (PE) was used for phytochemical screening. 

2.2.3- Phytochemical screening   

The prepared extract of each plant was screened for major 

secondary constituents. 
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2.2.3.1- Test for unsaturated sterols and for triterpenes  

(10 ml) of the (PE) of each plant were separately evaporated to 

dryness on a water bath, and the cooled residue was stirred with 

petroleum ether to remove most of the coloring materials. The 

residue was then extracted with (10 ml) chloroform. The 

chloroform solution was dehydrated over anhydrous sodium 

sulphite. (5 ml) portion of the solution was mixed with (0.5 ml) 

of acetic anhydride, followed by two drops of concentrated 

sulphuric acid.  

2.2.3.2- Test for flavonoids  

(20 ml) of the (PE) of each plant were separately evaporated to 

dryness on water bath. The cooled residue was defatted with 

petroleum ether and then dissolved in (30 ml) of 30% aqueous 

methanol and filtered. The filtrate was used for the following 

tests:  

- To (3 ml) of filtrate a fragment of magnesium ribbon was 

added, shaken and then few drops of concentrated hydrochloric 

acid were added.  

- To (3 ml) of the filtrate few drops of aluminium chloride 

solution were added.  

- To (3 ml) of the filtrate few drops of potassium hydroxide 

solution were added.  
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2.2.3.3- Test for alkaloids  

(10 ml) of the (PE) of each plant were separately evaporated to 

dryness on water bath and (5 ml) of 2 N hydrochloric acid were 

added and the solution was heated with stirring for 10 minutes, 

then cooled and filtrated.  

Filtrate was divided into two portions:  

To one portion a few drops of Maeyer reagent were added to the 

other portion few drops of Wagner reagent were added.  

2.2.3.4- Test for tannins  

(10 ml) of (PE) of each plant were separately evaporated to 

dryness and the residue was extracted with n-hexane and then 

filtrated. The insoluble residue was stirred with n-hexane and 

(10 ml) of hot saline (0.9% w/v) of sodium chloride and freshly 

prepared distilled water) were added. The mixture was cooled, 

filtrated and the volume adjusted to (10 ml) with more saline 

solution. (5 ml) of this solution were treated with few drops of 

ferric chloride solution.  

2.2.3.5- Test for Saponins  

(1 g) of dried powdered plant material was placed in a clean test 

tube. (10 ml) of distilled water were added and the tube was 

stoppered and vigorously shaken for about 30 seconds, and 

allowed to stand.   
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2.2.4- Extraction of flavonoids 

(1 kg) of powdered shade-dried plant material was macerated 

with 95% ethanol (5 L) for 48hr. at room temperature with 

occasional shaking and then filtered off . The extraction process 

was repeated two more times with the same solvent. Combined 

filtrates were concentrated under reduced pressure using rotatory 

evaporator at 40 
º
C until all ethanol was removed yielding a 

crude product.  

2.2.5-Isolation of flavonoids  

The ethanolic extract of Balanites aegyptiaca was dissolved in 

(100 ml) water and partitioned successively with chloroform, 

ethyl acetate and n-butanol.  

Preparative paper chromatography was carried out for ethyl 

acetate fraction using BAW (Butanol: Acetic acid: Water 4:1:5 

upper layer) as solvent system. The developed chromatograms 

were dried, observed in UV light (λ= 366, 254 nm) and then 

determined with smooth lines using a pencil.  

The equivalent bands from each paper was then cut out into 

small strips and slurred with methanol. After several hours of 

contact with occasional shaking, the liquid was filtrated and 

evaporated to dryness. In this way compounds I (Rf 0.87) was 

isolated.   
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Using the same procedure, the n-butanol fraction of Hagenia 

abyssinica gave compound II (Rf 0.66). The ethyl acetate 

fraction of this species yielded compound III (Rf 0.72).In the 

same way compound IV (Rf 0.68) was isolated from the 

ethanolic extract of Cissus peiolata.  

2.2.6- The UV spectrum of the isolated flavonoids in 

presence of   UV shift reagents  

2.2.6.1- The UV spectrum of the isolated flavonoids in 

presence of   NaOMe  

Three drops of NaOMe were added to a solution of the 

flavonoid in methanol (2 ml) and the UV spectrum was 

immediately recorded.  

2.2.6.2- The UV spectrum of the isolated flavonoids presence 

of aluminium chloride  

Six drops of the stock solution of aluminium chloride were 

added to a solution the flavonoid in methanol (2 ml) and UV 

spectrum was immediately recorded.  

2.2.6.3- The UV spectrum of the isolated flavonoids in 

presence of AlCl3/HCl  

Three drops of the stock solution of hydrochloric acid were 

added to the solution in (2.2.6.2) and the spectrum was 

immediately recorded.  
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2.2.6.4- The UV spectrum of the isolated flavonoids in 

presence of NaOAc  

Exess coarsely powdered anhydrous NaOAc was added with 

shaking to a cuvette containing (2-3 ml) of the solution of 

flavonoids in methanol and the UV spectrum was recorded after 

2 minutes.  

2.2.6.5- The UV spectrum of the isolated flavonoids in 

presence of NaOAc/H3BO3  

Sufficient powdered anhydrous H3BO3 was added with shaking 

to a cuvette containing the solution (2.2.6.4) to give a saturated 

solution. The UV spectrum was recorded after 2 minutes. 
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  3-Results and Discussion  

 

3.1 Phytochemical screening 

The species Balanites aegyptiaca, Cissus petiolata and Hegeina 

abyssinica were subjected to phytochemical screening and the 

results are depicted in table (1). 

Table (1): phytochemical screening 

Phytochemical 

species 

flavonoids alkaloids saponins steriods tannis 

Balanites 

aegyptiaca 

+ve -ve +ve -ve +ve 

Cissus petiolata +ve +ve +ve -ve -ve 

Hegeina 

abyssinica 

+ve +ve +ve -ve +ve 

 

 

 3-1Characterization of compound I 

 Compound I was isolated as yellow powder from the roots of 

Balanites aegyptiaca. The IR spectrum of compound I (Fig.1) 

showed: v(KBr) 540, 918 (C-H bending), 1047 (C-O) 1417 

(C=C, Ar.), 1622 (C=O) 2925 (C-H, aliphatic), 3386 cm
-1

 (OH). 
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Fig.1: IR spectrum of compound I 

 
 
 
 

 Since a (C=O) stretching was detected in the IR, then 

compound I is evidently neither a catechin nor an anthocyanin. 

 

 

 

 

Anthocyanin                                                                                                    Catechin              
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Compound I is thus one of the following classes: 
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UV is a spectral technique that can differentiate between those 

flavonoids with unsaturation at carbon 2 (flavones, flavonols, 

chalcones and aurones) and other classes which are 

characterized by loss of conjugation between rings A and B        

(flavanones, isoflavones, dihydorchalcones and 

dihydroflavonols).  

Flavonoids with conjugation between A and B rings show two 

absorption bands in the UV spectrum: band I (due to cinnamoyl 

chromophore) and band II (due to benzoyl chromophore). Band 

I occur in the range: 300- 400 nm, while band II occur in the 

range: 220 – 290 nm. 
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Flavonoids like flavanones, isoflavones, dihydrochalcones and 

dihydroflavonols lacking conjugation between rings A and B 

afford only band II.  

The UV spectrum of compound I gave λmax (MeOH) 275, 

335nm (Fig. 2) a pattern which is characteristic of flavones
193

. 

 

The UV shift reagents (sodium methoxide, sodium acetate, 

aluminium chloride and boric acid/sodium acetate) can provide 

characteristic bathochromic shifts diagnostic of specific 

hydroxylation pattern. Sodium methoxide is strong base. It is 

diagnostic of 3-OH and 4` -OH groups. In both cases it induces 

a bathochromic shift, but with decrease intensity in case of 3-

OH function. When the shift is accompanied by an increase in 

intensity, both hydroxyl groups are present. 
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Addition of sodium methoxide to a methanolic solution of 

compound I, induced a 38nm bathochromic shift without 

decrease in intensity indicating a 4`-OH function (Fig.3). 

 

 

The sodium acetate spectrum showed a 5nm bathochromic shift 

diagnostic of a 7-OH function (Fig.4). No detectable 

bathochromic shifts were observed in the aluminium chloride 

(Fig.5) and boric acid (Fig.6) spectra. Such data clearly indicate 

absence of 5- and 3-hydroxyl functions as well as catechol 

systems.  
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Aluminum chloride is a useful diagnostic tool for 3-OH, 5-OH 

groups and catechol moieties where it gives bathochromic shifts, 

when added to a methanolic solution of the flavonoid. Catechols 

afford acid – labile complexes with aluminium chloride, while 

the 3-OH (or 5-OH) form acid – stable complexes with 

participation of the 4-keto function
194,195

. Such complexes acid – 

stable are shown below:  
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Sodium acetate, as a shift reagent, only ionizes the more acidic 

7-OH group and as such it is diagnostic of 7-OH function. On 

the other hand, boric acid is diagnostic of catechol systems. It 

induces bathochromic shifts, where it chelate with ortho – 

dihydroxy systems at all locations on flavonoid nucleus, except 

at C5, 6
193

.  

The 
1
H NMR spectrum (Fig.7) showed δ2.40 (6H) assigned for 

two aromatic acetyl groups. The NMR did not reveal any signals 

for C6-H and C3-vinylic proton, hence the two acetyl functions 

were assigned for these positions. The resonances at δ7.60 (
1
H) 

and 8.01 (
1
H) ppm account for C8 and C5 protons respectively. 

The C5 proton usually resonates at lower field near 8 ppm 

relative to the other A ring protons due to the deshielding 

influence of the 4-keto function. The mass spectrum (Fig.8) 

gave m/z 340 for M
+
 + 2H. Fragments >m/z340 corresponds to 

the glycoside whose sugar was not identified in this study. 
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On the basis of the above argument, the following structure was 

proposed for compound I: 
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Some important fragments revealed by the retro Diels-Alder 

fission (scheme VII), and resulting from intact A and B rings, 

lend evidence for the proposed substitution pattern of these 

rings.          

 

      

OH

CCH3

O

m/z 160                                                         

 Scheme VII: Retro Diels- Alder fission of compound I  



73 
 

                      3.2- Characterization of compound II 

Compound II was isolated from the seeds of Hagenia abyssinica 

by paper chromatography.  

The IR spectrum of compound II (Fig.9) showed: v(KBr) 543, 

609, 943 (C- H, Ar. bending), 1027(C-O), 1380,1411(C=C, Ar.), 

1737(C=O) 2923 (C-H, Aliph.) and 3406cm
-1

 (OH) . 

 

 

Fig.9: IR spectrum of compound II 

 

 

The UV spectrum (Fig.10) gave λmax 256, 293, 320 (sh.) nm 

which is consistentant with the absorption of isoflavones. These 

compounds consistently show a shoulder in the long wave side 

of the spectrum in the range 300-340 nm. 
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The sodium methoxide spectrum (Fig.11) revealed a 64 nm 

bathochromic shift in band I without decrease in intensity 

indicating a 4`-OH function. 
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No bathochromic shift was detected in the sodium acetate 

spectrum (Fig.12) indicating absence of a 7-OH function. 

 

The aluminium chloride spectrum (Fig.13) gave a bathochromic 

shift indicative a 5-OH function (the spectrum was stable in 

HCl) Fig.14. No bathochromic shift was detected in the boric 

acid spectrum (Fig.15). This suggests absence of catechol 

systems.  
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The 
1
H NMR spectrum (Fig.16) showed δ1.23 (6H) due to two 

methyl groups. The signal at δ3.75(s, 3H) was assigned for a 

methoxyl function, while the doublet at δ6.75(1H) ppm is 

consistent with the signals of C6- proton. The multiple at 7.26 -

7.33 ppm account for B ring protons. The mass spectrum 

(Fig.17) gave m/z313 for M
+
 + H (aglycone). Fragments > 
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m/z313 corresponds to the glycoside whose sugar was not 

identified in this study. Thus the following tentative structure 

was proposed for aglycone of compound (II):                                                                                                     

O

O

OH

OH

CH3O CH3

CH3

Compound II 

 

 
 

 
 

The fact that the B ring is substituted by two methyl functions is 

 supported by the retro Diels-Alder fission  (scheme VIII). This 

scheme also lends evidence for the proposed substitution pattern 

of ring A. The ions m/z146 and m/z166 corresponding to intact 

B and A rings respectively were recorded in the electron beam.   
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O

O

OH

OH

CH3O CH3

CH3

OH

CH3

CH3

m/z146

O

OH

CH3O

O

m/z166

Scheme VIII: Retro Diels-Alder f ission of compound II 
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3.3- Characterization of compound III 

Compound III was isolated from Hagenia abyssinica- as yellow 

powder - by paper chromatography. The IR spectrum (Fig. 18) 

showed: ν(KBr) 673, 825 (C-H, Ar., bending), 1452,1514(C=C, 

Ar.),1724 (C=O), 2923(C-H, aliph.) and 3259cm
-1

 (OH). 

 

 

Fig.18: IR spectrum of compound III 

 

In the UV compound III absorbs (Fig.19) at λmax 288, 339(sh.). 

The appearance of such shoulder is a characteristic feature of 

isoflavones. 
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The sodium methoxide spectrum (Fig. 20) gave a bathochromic 

shift without decrease in intensity indicating a 4`-OH function. 

 

The aluminium chloride spectrum did not reveal (Fig. 21) any 

bathochromic shift indicating absence of a 5-OH function. Also 

the sodium acetate spectrum (Fig. 22) did not show any 

bathochromic shift diagnostic of a 7-OH function. Also the boric 

acid spectrum (Fig. 23) did not reveal any bathochromic shift 

diagnostic of catechol systems. 



81 
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The 
1
H NMR spectrum (Fig24) showed: δ1.08 (6H) assigned 

for two methyl groups. On the basis of the retro Diels –Alder 

fission (scheme III) these methyl groups were assigned for the A 

ring. Since the NMR spectrum showed only signals for C6 and 

C8 protons, they were cited at the 5 and 7 positions. The signals 

at δ2.13 (6H) account for two acetyl groups which were 

assigned for the B ring on the basis of the retro Diels-Alder 

cleavage (scheme III). The resonances at δ6.20 (1H), 6.83(1H) 

are due to C6- and C8- protons respectively. The C8 proton 

resonates at lower field relative to C6 –H due to the deshielding 

influence of the neighboring oxygen at C1.The signals at δ7.01 

and δ7.45 accounts for the B ring protons. The high resolution 

mass spectrum (Fig.25) gave m/z350 for M
+
+ 1(aglycone). 

Fragments >m/z350 corresponds to the glycoside whose sugar 

was not identified in this study. On the basis of the above 

cumulative data the following tentative structure was assigned 
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for the aglycone of this isoflavone. The retro Diels-Alder fission 

(scheme IX) cited evidence for the proposed substitution pattern 

where the ions m/z149 and m/z 201corresponding to intact A 

and B rings respectively, were detected in the electron beam.      
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Scheme IX: Retro Diels- Alder fission of compound III 
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3.4- Characterization of compound IV 

Compound IV was isolated from the roots of Cisuss petiolata. 

The IR spectrum (Fig.26) showed: v(KBr) 698, 854(C-H, 

Ar.,bending),1037 (C-O), 1483, 1515 (C=C, Ar.), 1741(C=O),  

2923(C-H, Aliph.) and 3325cm
-1

 (OH). 

 

 

Fig. 26: IR spectrum of compound IV 

 

In the UV compound IV absorbs (Fig. 27) at λmax 285, 337 

nm. This spectrum is characteristic of flavones. 
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The sodium methoxide spectrum (Fig.28) gave no a 

bathochromic shift characteristic of 3- and 4`-OH function. 

 

 

When a methanolic solution of compound IV was treated with 

aluminium chloride, the spectrum did not reveal (Fig.29 ) any 

bathochromic shift diagnostic of 3-,5-OH and catechol systems. 
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Also the sodium acetate spectrum (Fig.30) did not show any 

bathochromic shift diagnostic of a 7-OH function. 

 

 

The 1H NMR spectrum (Fig.31) showed δ1.05 (6H) assigned 

for two methyl groups. The signal at δ3.65 (3H) account for a 

methoxyl function. The resonances at δ6.50 (1H), 6.91(1H) are 

due to C6- and C8- protons respectively. 
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The signals at δ7.67 accounts for the B ring protons. The high 

resolution mass spectrum (Fig.32) gave m/z280 for M
+ 

+ H 

(aglycone). Fragments > m/z280 corresponds to the glycoside 

whose sugar was not identified in this study. Other important 

fragments; m/z150, m/z129 resulting from the retro Diels-Alder 

fission (scheme X) site evidence for the proposed substitution 

pattern of rings A and B. 
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On the basis of the above cumulative data the following 

tentative structure was suggested for the aglycone of this 

flavone:                              

 

 Compound IV 

  

 

 Scheme X: Retro Diels-Alder fission of compound IV 
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Recommendation  

- The structures of the isolated phytochemicals may futher be 

confirmed by a future 
13

C NMR and two dimension NMR (
1
H -

1
H Cosy NMR, HMBC and HSQC).                       

- The crude plant extractives and the isolated flavonoids may be 

screened for their anti-inflammatory, antimalaril, anti-bacterial, 

antifugal, anticacer antioxidant activity. 

- Other phytochemicals (Steroids, alkaloids, saponins and 

tannins) of the studied may be investigated.   

 

 

 

 

 

 

 

 

 

 

 



91 
 

References 

1-Hall, J.B., and Waljer, D.H., "Balanites aegyptiaca Del. 

Amonograph", School of Agricultural and Forest Science.  

University of Wales, Banger (1991).  

2- Khare, C.P., "An illustrated dictionary", Springer medicinal 

plants, Indian 8 (2007). 

3- Creach, P., Revue de Botanique appliqué d′Agriculture 

Tropicale, 20, 93(1940). 

4- Karel, L., and Roach, E.S., "Dictionary of Antibiosis", 

Columbia University Press; New York 48 (1951). 

5- Watt, J.M., and Breyer-Brandwijk, M.G., "The Medicinal and 

Poisonous Plants of South and East Africa", Edinburgh and 

London: E. and S. Livingstone, 5 (1962). 

6- Vijigiri, D., Sharma, P.P., Ethnobotanical Leaflets, 14, 29 

(2010). 

7-Seifu, T., Ethnobotanical and ethnopharmaceutical studies on 

medicinal plants Of Chifra District, Afar Region, North Eastern 

Ethiopia, M. pharm, thesis, School of Graduate Studies of the 

Addis Ababa University. Jan (2004). 

8- Ojo, O.O., Nadro, M.S, and Tella, I.O., Afr J Biotechnol. 5, 

60 (2006). 

9- Zarroug, I.M.A., Nugud, A.D., Bashir, A.K., and Mageed, 

A.A., Int Sci Crude Drug Res.6 (1988). 

10- Bashir, A.K, Ahmed G.H.M., Suliman S.M., and ElKheir 

Y.M., Mollus-Cicidal and other Biological activities 



92 
 

of B.aegyptiaca, The first Arab Conference on Medicinal plants; 

Cairo, Egypt (1984). 

11- Kamel, M.S., Ohtani, K., Kurokawa T., and Assaf M.H., El-

Shanawany M.A., and Ali, A.A., et al., Chem. Pharm Bull 

(Tokyo), 39, 33 (1991).  

12- Ndabaneze P., Engels, D., and Kavamahanga P.C., Kluwer 

Academic Publishers, 60 (1994). 

13- Kwuosa V.N., Molta B.S., and Ebele S., Appl Parasitol, 34, 

94 (1993).  

14- Kela, S.L., Ogunsusi, R.A., Ogbogu, V.C., and Nwude, 

N., Rev Elev Med Vet Pays Trop., 42, 92 (1989). 

15- Oliver-Bever B., " Medicinal plants in tropical West 

Africa", Cambridge University Press; Cambridge  54, 55 (1986). 

16- Kamel, M.S., and Koskinen A., Phytochemistry, 40, 5 

(1995).  

17- Al Ashaal, H.A., Farghaly, A.A., Abd El Aziz, M.M., and 

Ali, M.A., J Ethnopharmacol, 127, 495 (2010). 

18- El Mastry, S.M., Ebeed, M.M., El Sayed I.H., Nasr M.Y., 

and El Halafawy K.A., Egypt J Biochem Mole Biol, 28,1 

(2010).  

19- Dwivedi, A., Joshi, V., Barpete, P.K., Akhtar A.K., Kaur, 

A., and Kumar S., Ethnobotanical Leaflets, 13 ,7 (2009). 

20 – Koko, W.S., Galal M., and Khalid, H.S., J 

Ethnopharmacol, 71, 52 (2000). 



93 
 

21- Gnoula, C., Guissou P, Duez P, Frederich, M, and Dubois, 

J., Int J Pharmacol, 3, 4 (2007). 

22- Shalaby, M.A., Moghazy, F.M., Shalaby, H.A., and Nasr, 

S.M., Parasitol Res, 107,17 (2010).  

23- Doughari, J.H., Pukuma, M.S., and De, N., Afr J Biotechnol, 

6, 5 (2007). 

24- Karuppusamy, S., Rajasekharan, K.M., and Karmegam, 

N., J Ecotoxicol Environ Sci Monitoring, 12, 8 (2002). 

25-.Karmegam, N., Karuppusamy, S., Mani Prakash, M., 

Jayakumar, M., and Rajasekar, K., Int  J Biomed Pharma  Sci, 2, 

88 (2008). 

26- Wufen, B.M., Adamu, H.M., Cham, Y.A., and Kela, 

S.L., Nat Prod Radiance, 6,18 (2007). 

27- Gnoula, C., Mégalizzi, V., De Nève, N., Sauvage, S., 

Ribaucour, F., and Guissou, P., et al. Int J Oncol, 32, 5 (2008).  

28- Pettit, G.R., Doubek, D.L., and Herald, D.L., J Nat Prod, 54, 

502 (1991).  

29- Gaur, K., Nema, R.K., Kori, M.L., Sharma, C.S., and Singh, 

V., Int J Green Pharma, 2, 7 (2008). 

30- Meda, N.T., Lamien-Meda, A., Kiendrebeogo, M., Lamien, 

C.E., Coulibaly, A.Y., and  Millogo-Rasolodimby, J., et al., J 

Biol Sci.,13, 8 (2010).  

31- Speroni, E., Cervellati, R., Innocenti, G., Costa, S., Guerra, 

M.C., and Dall Acqua, S., et al., J Ethnopharmacol, 98, 25 

(2005).  



94 
 

32- Zarroug, I.M., Nugud, A.D., Bashir, A.K., and Mageed, 

A.A., Pharma Biol., 28, 71(1990). 

33- Wiesman, Z., and Chapagain. B.P., Fitoterapia, 77, 4 

(2006). 

34- Kamel, M.S., Ohtani, K., Kurokawa, T., Assaf, M.H., el-

Shanawany, M.A., and Ali, A.A., et al., Chem Pharm Bull 

(Tokyo), 39, 33 (1991). 

35- El-Saadany, S.S., Abdel-Rahim, E.A., and Wasif, 

M.M., Food Chem., 19, 16 (1986). 

36- Mansour, H.A., and Newairy, A.A., J Med Res Inst, 21, 

25 (2000). 

37- Hamid, O.A., Wahab, M.E., Abdu, Z.Z., and Idris, 

S.M., Balanites aegyptiaca extracts for treatment of HIV/AIDS 

and leukemia. [cited in 2001]. Available 

from:http://findarticles.com/p/articles/mi_hb003/is_2_23/ai_n29

364027 . 

38- Annan, K., Dickson, R., J Sci Technol, 28, 33 (2008). 

39- Abdel-Rahim, E.A., El-Saadany, S.S., and Wasif, 

M.M., Food Chem., 20, 69 (1986). 

40- Wani, N.S., Kabade, J.B., Kabade, M.V., Joshi, S.M., and 

Patil, A.D., Int J Pharma Res Dev., 2, 4 (2010). 

41- Orwa, D., Agroforestry Database, 4, 1(2009). 

42- Https: // en. Wikipedia .org/ 

43- Drobink, J., and Borroncas, A., Journal of 

Ethnopharmacology 171, 317 (2005). 

http://findarticles.com/p/articles/mi_hb003/is_2_23/ai_n29364027
http://findarticles.com/p/articles/mi_hb003/is_2_23/ai_n29364027


95 
 

44- Noumi, E., Indian Journal of Traditional Knowledge, 9(4) 

736 (2010). 

45- Cothan, D., and Vaghassiya H., Pharmacognosy Review, 

5(9) 55 (2011).   

46- Mahomoodally, M. F., Gurib-Fakim, A., and  Subratty, A. 

H., Pharmaceutical Biology, 43, 237 (2005). 

47- Pandey, A.K., National Academy Science Letters, 30, 383 

(2007).                                                                                      

48- Dixon, R. A., Dey, P. M., and Lamb, C. J., Advances in 

Enzymology and Related Areas of Molecular Biology, 55, 1 

(1983). 

49- Kelly, E. H., Anthony, R. T., and Dennis, J. B., Journal of 

Nutritional Biochemistry, 13, 572 (2002). 

50- Kumar, S., Mishra, A., and Pandey, A. K., BMC 

Complementary and Alternative Medicine, 13, article 120 

(2013). 

51- Kumar, S., and Pandey, A. K., Vegetos, 26, 301(2013). 

52- Leopoldini, M., Russo, N., Chiodo, S., and Toscano, M., 

Journal of Agricultural and Food Chemistry, 54, 6343 (2006). 

53- Kumar, S., Gupta, A., and Pandey, A. K., ISRN 

Pharmacology, vol. 2013, Article ID 691372, 8 pages, (2013). 

54- Cook, N.C., and Samman, S., Nutritional Biochemistry, 7, 

66 (1996).  



96 
 

55- Rice-Evans, C. A., Miller, N. J., Bolwell, P. G., Broamley, 

P. M., and Pridham, J. B., Free Radical Research, 22, 375 

(1995). 

56- De Groot H., and Raven U., Fundam Clin Pharma, Col 12, 

24 9 (1998).  

57- Harborne, J.B., and Williams, C.A., Phytochemistry, 55, 481 

(2000).                                                                                    

58- Shirly, B. W., Trends plant sci, 1, 377 (1995).        

59- Narayana, K. R., Reddy, M. S., Chaluvadi, M. R., and 

Krishna, D. R., Indian Journal of Pharmacology, 33, 2 (2001). 

60- Middleton, E., Trends in Pharmacological-Sciences, 5, 335 

(1984). 

61- Harborne, J. B., "Phytochemical Methods," Chapman and 

Hall,   London (1973). 

62- Middleton, E. J., Advances in Experimental Medicine and 

Biology, 439, 175 (1998). 

63- Peterson, J., and Dwyer, J., Nutr, Res., 18, 1995 (1998).  

64- Irina, I., and Mohamed G., Advances in Applied 

Biotechnology, (2012).   

65- Tripoli, E., Guardia, M.L., Giammanco, S., Majo, D.D., and 

Gimmanco, M., Citrus Food chemistry, 104, 466 (2007). 

66- Kong, J. M., Chia, L.S., Goh, N.K., Chia, T.F., and 

Brouillard, R., Phytochemistry 64, 923 (2003). 

67- Harborne, J. B., "The flavonoids-advances in Research since 

1980", Chapman and Hall, London (1988).  



97 
 

68- Geissman, T. A.," The chemistry of flavonoid compounds", 

Pergamon press, Oxford (1962).  

69- Power, F.B., and Tutin, F., J. Chem. Soc 887 (1907). 

70- Hasting, J. S., and Heller, H. G., J. chem. Soc. Perkin Trans, 

2128 (1972). 

71- Grotewold, E., "The Science of Flavonoids", Springer 

Science-Business Media Inc., New York (2006). 

72-Harborne, J.B., Baxter, H., "The Handbook of Natural 

Flavonoids", volume 1 Johnwidley &sons, New York, (1999).  

73- Harborne, J. B., "The flavonoids-Advances in Research", 

Chapman and Hall, London (1986).   

74- Havsteen, B.H., Pharmacology and Therapeutics 96, 

67(2002).  

75- Heim, K.E., Tagliaferro, A.R., and Bobliya, D.J., The 

Journal of Nutritional Biochemistry, 13, 572 (2002).  

76- Cushnie, T.P.T., and Lamb, A.J., International Journal of 

Antimicrobial Agents, 26  (2005).  

77- Aderogba, M.A., Ogundaini, A.O., and Eloff, J.N., African 

Journal of Traditional Complementary and Alternative 

Medicines, 3, 59 (2006).  

78- Sahu, S.C., and Gray, G.C., Cancer letters, 104, 193 (1996).  

79- Prey, J.O., Brown, J., Fleming, J., and Harrison, P.R., 

Biochemical Pharmacology, 66, 2075 (2003).    



98 
 

80- Fernandez, S.P., Wasowski, C., Loscalzo, L.M., Granger, 

R.E., Johnston, G.A.R., Paladini, A.C., and Marder, M., 

European Journal of Pharmacology, 539, 168 (2006). 

81- Øyvind, M., Andersen, kenneth, R., Markham, "Flavonoids 

chemistry, biochemistry and application ", taylor  and Francis 

Group, LLC (2006). 

82- Fatland, B. L., Plant Physiol., 130, 740 (2002).  

83- Schroder, J., In "Comprehensive Natural Products 

Chemistry", Vol.1, Barton, D., Nakanishi, K., and Meth-Cohn, 

O., Eds., Elsevier, Amsterdam (1999). 

84-Nakayama, T., Science , 290,1163 (2000).  

85- Sata, T., Plant sci., 160, 229 (2001).  

86-Nakayama, T., FEBS Lett., 499, 107 (2001). 

87- Nakayama, T., J., Bio Sci. Bioeng., 94, 487 (2007). 

88-Manitto, P., "Biosynthesis of natural product",  John  Wiley 

& Sons, New York 349 (1980).  

89- Hagman, G., and Grisebach , H., FEBS. Lett, 175, 199 

(1984). 

90- Kochs, G., and Grisebach, H., Eur. J., Biochem, 155, 

311(1986).  

91- Patschke, L., Barz, W. and Grisebach, H., Z. Naturforch., 

21b, 45 (1966). 

92- Boland, M. J., and Wong, E., Eur, J. Biochem, 50, 383 

(1975). 



99 
 

93- Grisebach, H., and Zilg, H., Z. Naturforch, 23b, 499 (1968). 

94- Sutter, A., Poulton, J. E., and Grisebach, H., Arch. Biochem. 

Biophys, 170, 547 (1975). 

95- Britsch, L., Heller, W., and Grisebach, H., Z. Naturforch, 

36c, 742 (1981). 

96- Stoz, G., and Forkmann, G., Z. Naturforch, 36c, 737 (1981).  

97- Hayaisishi, O., "Molecular Mechanism", Academic Press, 

New York 187 (1984). 

98- Britsh, L., and Grisebach, H., Eur. J. Biochem, 156, 569 

(1986). 

99- Stotz, G., Spribill, R., Forckmann, and G., Arch. Biochem. 

Biophys,170, 547 (1975). 

100- Forckmann, G., and Statz, G., Planta, 161, 261 (1984). 

101- Kerscher, F., and Franz, G. Z., Naturforch, 42c, 519 

(1987). 

102- Hauteville, M., chadenson, M., and chopin, J., Bull.Soc. 

chim. Fr, 11, 125 (1979).  

103- Spribill, R., and Forckmann, G. Z., Naturforch, 39c, 714 

(1984).  



111 
 

104- Forckmann, G., Devlaming , P.,  Spribill, R., wiering , H.,  

and Schram, A. W., Z. Naturforch, 41c, 179 (1986). 

105- Murray, M.T., Quercetin, Nature’s antihistamine, Better 

Nutrition (1998).  

 

106- Williams, R.J., Spencer, J.P.E., and Rice-Evans, C., Free 

Radical Biology and Medicine, 36, 838 (2004).  

107- Tsuchiya, H., Food Chemistry, 120, 1089 (2010). 

108- Chebil, L., Humeau, C., Falcimaigne, A., Engasser, J., and 

Ghoul, M., Process Biochemistry, 41, 2237 (2006). 

109- Middleton, E.J.R., Kandaswami, C., and Theoharides, T.C., 

Pharmacological Reviews, 52, 673 (2000).  

110- Narayana, K.R., Reddy, S.R., Chaluvadi, M.R., and 

Krishna, D.R., Indian Journal of Pharmacology, 33, 2 (2001). 

111- Pal, R.S., Ariharasivakumar, G., Girhepunjhe, K., and 

Upadhay, A., International Journal of Pharmacy and 

Pharmaceutical Sciences,1,136 (2009). 

112- Ferreira, J.F.S., Luthria, D.L., Sasaki, T., and Heyerick, A.,
 

Molecules, 15, 3135 (2010). 

113- Mishra, A., Kumar, S., and Pandey, A. K., The Scientific 

World Journal, vol 2013, Article ID 292934, (2013).  

114- Mishra, A., Sharma, A. K., Kumar, S., Saxena, A. K., and 

Pandey, A. K., Bio Med Research International, vol. 2013, 

Article ID 915436, 10 pages (2013). 

115- Mishra, A., Kumar, S., Bhargava, A., Sharma, B., and 

Pandey, A. K., Cellular and Molecular Biology,  57, 16 (2011). 



111 
 

116- Pandey, A. K. Mishra, A. K. Mishra, A. Kumar, S. and 

Chandra, A., International Journal of Biological and Medical 

Research, 1, 228 (2010). 

117- Cushnie,T. P. T., and Lamb, A. J., International Journal of 

Antimicrobial Agents,  26, 343 (2005). 

118- Cowan, M. M., Clinical Microbiology Reviews, 12, 564 

(1999). 

119-  Mishra, A. K., Mishra, A., Kehri, H. K., Sharma, B., and  

Pandey, A. K.,  Annals of Clinical Microbiology and 

Antimicrobials, 8, article 9 (2009). 

120- Borris, R. P., Journal of Ethnopharmacology, 51, 29 

(1996). 

 121- Moerman, D. E., Journal of Ethnopharmacology, 52, 1 

(1996). 

122- Nakahara, K., Kawabata, S., Ono et al, H., Applied and 

Environmental Microbiology, 59, 968 (1993). 

123- Mori, A., Nishino, C., Enoki, N., and Tawata, S., 

Phytochemistry, 26, 2231 (1987). 

124-  Ohemeng, K. A., Schwender, C. F., Fu, K. P., and Barrett, 

J. F., Bioorganic and Medicinal Chemistry Letters,  3,  225 

(1993). 

125- Tsuchiya H., and Iinuma, M., Phytomedicine, 7, 

161(2000). 

126- Haraguchi, H., Tanimoto, K., Tamura, Y., Mizutani, K., 

and Kinoshita, T., Phytochemistry, 48,  125 (1998). 



112 
 

127- Alcaraz, L. E., Blanco, S. E., Puig, O. N., Tomas, F., and 

Ferretti, F. H., Journal of Theoretical Biology, 205,  231 (2000). 

128- Osawa, K., Yasuda, H., Maruyama, T., Morita, H. Takeya, 

K., and Itokawa, H., Chemical and Pharmaceutical Bulletin, 40, 

2970 (1992). 

129- Maurya, A., Chauhan, P., Mishra, A., and Pandey, A. K., 

Journal of Research Updates in Polymer Science,  1, 43 ( 2012). 

130- Mishra, A. K., Singh, B. K., and Pandey, A. K., Reviews in 

Infection, 1,134 (2010). 

131- Mishra, A. K. Mishra, A. Bhargava, A. and Pandey, A. K. 

National Academy Science Letters,  31, 341 (2008). 

132- Colic, M., Pavelic, K., J Mol Med, 78, 333 (2000).  

133- East wood, M. A., Q J Med, 92, 527 (1999).  

134- Galati, G., Teng, S., Moridani, M., Y., Chan, T.S., O., and 

Brien, P.J., Drug Metabol Drug Interact, 17, 311 (2000). 

135- Middleton, E. J., Kandaswasmi, C., Theoharides, and T. C., 

pharmacol Rev, 52, 673 (2000).  

136- Rice- Evans, C., Proc Soc Exp Biol Med, 220, 262 (1999).  

137- Dragsted, L., O., Strube, M., Leth, T., Eur J cancer Prev, 

6, 522 (1999).  

138- Riemersma, R. A., Rice-Evans, C. A., Tyrell, R.M., 

Clifford, M. N., and Lean, M. E., Q J Med, 94, 272 (2001).  

139- Giugliano, D., Nutr Metab cardiovasc Dis, 10, 38 (2000). 

140- Wed worth, S. M., and Lynch, S., Ann Pharmacother, 29, 

627 (1995). 



113 
 

141- Manthey, J. A., Microcirculation, 7, S29 (2000).  

142- Diplock, A. T., Charleux, J. L., Crozier-Willi, G., Kok, F. 

J., Rice-Evans, C., and Roberfroid, M., Br J Nutr, 80 ( suppI 1), 

S77 (1998).  

143- Harborne, J.B., and Williams, C.A., phytochemistry, 55, 

481 (2000).  

144- Packer, L., R, L., Rimbach, G., and Virgili, F., Free Radic 

Biol Med, 27,704 (1999). 

145- Surh, Y., Mutat Res, 428, 305 (1999). 

146- Sekher, P.A., Chan, T. S., O
,
 Brien, P. J., and Rice-Evans, 

C., A., Biochem Biophys Res Commun, 282, 1161 (2001). 

147- Rice- Evans, C.  Biochem Soc Symp, 61, 103 (1995). 

148- Rice-Evans, C. A., and Miller, N. J., Paganga, G., Free 

Radic Biol Med, 20, 933 (1996). 

149- Green, E.S., Cooper, C. E., Davies, M. J., and Rice-Evans, 

C., Biochem Soc Trans, 21, 362 (1993). 

150- Heller, F. R., Descamps, O., and Hondekijn, J. C., 

Atheroscierosis, 137 (suppI), S25 (1998). 

151- Brown, J. E., and Rice-Evans, C. A., Free Fradic Res, 29, 

247 (1998).  

152- Fuhrman, B., and Aviram, M., Curr Opin Lipidol, 12, 41 

(2001).  

153- Hayekt, T., Fuhrman, B., Vaya, J., Rosenblat, M., Belinky, 

P., and Coleman, R., Arterioscler Thromb Vasc Biol, 17, 2744 

(1999).  



114 
 

154- Duthie, S. J., Collins, A. R., Duthie, G.G., and Dobson, V. 

L., Mutat Res, 393, 223 (1997).  

155- Duthie, S. J., Johnson, W., and Dobson, V. L., Mutat Res 

Genet Toxicol Environ Mutagen, 390, 141 (1997). 

156- Aherne, S. A., O
,
 and Brien, N. M., Nutr Cancer, 34, 160 

(1999).  

157- Zhao, K., Whiteman, M., Spencer, J. P. E., and Halliwell, 

B., Methods enzymol, 335, 296 (2001). 

158- Haenen, G.R., Paquay, J. B., Korthouwer, R. E., and Bast, 

A., Biochem Biophys Res Commun, 236, 591 (1997).  

159- Heijnen, C. G., Haenen, G.R., Van Acker, F. A., Van, D., 

V., and Bast, A., Toxicol. In Vitro, 15, 3 (2001). 

160- Arteel, G. E., Schroeder, P., and Sies, H., J. Nutr, 130, 

2100S (2000). 

161- Arteel, G. E., and  Sies H., FEBS Lett, 462, 167 (1999). 

162- Kerry, N., and Rice-Evans, C., J Neurochem, 73, 247 

(1999). 

163- Morel, I., Lescoat, G., Cillard, P., and Cillard J., Methods 

Enzymol, 234, 437 (1994). 

164- Brown, J. E., Khodr, H., Hider, R. C, and Rice-Evans, 

C.A., Biochem J, 330 (pt3), 1173 (1998).  

165- Sestili, P., Guidarelli, A., Dacha, M., and Cantoni, O., Free 

Radic Biol Med, 25, 196 (1998). 

166- Cheng, I.F., and Breen, K., Biometals, 13, 77 (2000). 



115 
 

167- Tournaire,C., Croux, S., Maurette, M. T., Beck, I., 

Hocquaux, M., and Braun, A. M., J Photochem Photobiol B, 19, 

205 (1993). 

168- Devasagayam, T. P., Subramanian, M., Singh, B.B., 

Ramanathan, R., and Das, N.P., J photochem photobiol B, 30, 

97 (1995). 

169- Kim, H., Kim, Y. S., Kim S. Y., and Suk, K., Neurosci 

Lett, 309, 67 (2001).  

170- Levites, Y., Weinres, O., Maor, G., Youdim, M. B., and 

Mandel, S., J Neurochem, 78, 1073 (2001). 

171- Chen, C., Wei, T., Gao, Z., Zhao, B., Hou, J., and Xu, H., 

Biochem Mol Biol Int, 47,397 (1999).  

172- Yao, Z., Drieu, K., and Papadopoulos, V., Brain Res, 889, 

181 (2001). 

173- Schroeter, H., and Spencer, J.P.E., Rice-Evans, C., 

Williams, R. J., Biochem J, 358, 547 (2001). 

174- Negre-Salvayre, A., and Salvayre, R., Free Radic Biol Med 

12, 101 (1992). 

175- Negre-Salvaryre, A., Alomar, Y., Troly, M., and Salvayre, 

R., Biochim Biophys Acta, 1096, 291 (1991).  

176- Negre-Salvayre, A., Mabile, L., Delchambre, J., and 

Salvayre, R., Biol Trace Elem Res, 47, 81 (1995). 

177-Spencer, J. P. E., Schroeter, H., Kuhnle, G.M Srai, S. K., 

Tyrrell, R. M., and Hahn, U., Rice-Evans, C., Biochem J, 354, 

493 (2001).  



116 
 

178- Spencer, J. P. E., Schroeter, H., Crossthwaithe, A. J., 

Kuhnle, G., and Williams, R. J., Rice-Evans, C., Free Radic 

Biol Med, 31, 1139 (2001). 

179- Nakayama, T., Yamada, M., Osawa, T., and Kawanishi, S., 

Biochem Pharmacol, 45, 265 (1993).   

180- Pan, M. H., Lai, C. S., and Ho, C.T., Food and Function, 1, 

15-31 ( 2010). 

181- Middleton, E., and Kandaswami, C., Biochemical 

Pharmacology, 43, 1167 (1992). 

182- Nishizuka, Y., Nature, 334, 661 (1988). 

183- Hunter, T., Cell, 80, 225 (1995). 

184- Tunon, M. J., Garcia-Mediavilla, M. V., Sanchez-Campos, 

S., and Gonzalez-Gallego, J., Current Drug Metabolism, 10, 256 

(2009). 

185- Manthey, J.A., Microcirculation, 7, S29 (2000). 

186- Cumella, J. C., Faden, H., and Middleton, F., Journal of 

Allergy and Clinical Immunology, 77, article 131(1987). 

187- Beretz, A.,  Cazenave, J. P., Cody, V., Middleton, E., 

Harborne, J.B., and Beretz, A., "Biochemical, Cellular and 

Medicinal Properties", Eds., Alan R. Liss, New York, NY, 

USA, 187 (1988).  

188- Corvazier, E., and Maclouf, J., Biochimica et Biophysica 

Acta, 835, 315 (1985). 

189- Carlo, G.D., and Autore, G., Izzoaa et al. J Pharm 

Pharmcol 45, 1045 (1993). 



117 
 

190- Lorenz, W., Kusche J., Barth., and Mathias C.H., 

Pennsylvania: Hutchinson and Ross, 269 (1994). 

191- Kandaswami, C., Perkins, E., Soloniuk, D. S., Drzewiecki, 

G., and Middleton, E., Jr., Cancer Lett, 56, 147 (1991). 

192- Kuo, S. M., Cancer Lett, 110, 41 (1996). 

193- Marbry, T. J., Markham, K. R., Thomas, M.B., "The 

systametic Identification of Flavonoids," Spring- Verlag, New 

York (1970). 

194- Horhammer, L., Hansel, R., Arch. Pharm.,285, 438 (1952). 

195- Jurd, L., Gessman, T. A., J. Org.Chem.,21,1395 (1956). 

 

   

 

 


