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SUMMARY 

The methanolic extracts of Rhynchosia pseudo-cajan Cambess (Papilionaceae) and 

Colebrookia oppositifolia Smith. (Lamiaceae) were dissolved in distilled water separately 

and partitioned with n-hexane, chloroform, ethyl acetate and n-butanol sequentially. 

Phytochemical investigations were done on chloroform and ethyl acetate fractions of 

these plants, chemical constituents were isolated and characterized. The structure 

elucidation of isolated compounds was done by modern spectroscopic techniques. 

Antioxidant, antibacterial, antifungal and hemolytic activities were performed on crude 

fractions of these plants. Antioxidant activities of pure isolated compounds were also 

checked.  

The phytochemical investigation on the chloroform and ethyl acetate soluble fractions of 

Rhynchosia pseudo-cajan Cambess led to the isolation of compounds, namely; 

octadecane (1), triacontyl palmitate (2), heptatriacontyl benzoate (3), 1-hentriacontanol 

(4), 1-heptatriacontanol (5), 14,20-dimethyl-1-heptacosanol (6), icosyl-p-hydroxy 

benzoate (7), β-sitosterol (8), stigmasterol (9), β-Amyrin (10), mupinensisone (11), 

alpinetin (12), pinostrobin (13), 3-oxoleane-9(11), 12 diene-30-oic acid (14), 4′,5,6-

trihydroxy-7-methoxy flavone (15), 2′,4′,5,7-tetrahydroxy isoflavone (16), β-sitosterol 

glucoside (17) and naringin (18). Their structures were established by using UV, IR, mass 

(EIMS, HREIMS, FABMS, HRFABMS), 1D NMR (
1
H, 

13
C) and 2D NMR (HMQC, 

HMBC, COSY) and by comparison with the published data of the related compounds. 

All these compounds have been isolated for the first time from this plant. However 

among these compounds (1-18), 2, 8, 9, 10 and 17 are known from this genus. All the 

isolates (1-18) were studied for their antioxidant potential by the methods of 1,1-

Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity, total antioxidant 

activity and ferric reducing antioxidant power (FRAP) assay. Icosyl-p-hydroxy benzoate 

(7), alpinetin (12), pinostrobin (13), 4′,5,6-trihydroxy-7-methoxy flavone (15) and 

2′,4′,5,7-tetrahydroxy isoflavone (16) showed good antioxidant potential when compared 

with the BHT (butylated hydroxyl toluene, reference standard antioxidant)/blank. These 

compounds comprise phenolic groups which have ability to donate hydrogen so act as 

antioxidants. 
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The phytochemical investigation on the chloroform and ethyl acetate soluble fractions of 

Colebrookia oppositifolia Smith. led to the isolation of four new-source compounds 

namely 1-pentacosanol (19), stigmast-7-ene-3β-ol (20), p-hydroxybenzoic acid (21), 

ursolic acid (22) and seven known compounds namely triacontane (23), triacontanol (24), 

betulonic acid (25), negletein (26), 5,2′,6′-trihydroxy-7-methoxy flavone (27), quercetin 

(28) and 5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29). All the isolates (19-29) 

were studied for their antioxidant potential as summarized above. Among these p-

hydroxybenzoic acid (21), negletein (26), 5,2′,6′-trihydroxy-7-methoxy flavone (27), 

quercetin (28) and 5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29) showed good 

antioxidant potential when compared with the BHT because these contain phenolic 

groups. 

Niringin (18), isolated from ethyl acetate soluble fraction of Rhynchosia pseudo-cajan, 

was obtained in greater amount (1.6g). So, twelve new 4ʹ-O-substituted derivatives of 

naringin were synthesized. The synthetic derivatives 31a-l, were characterized by 
1
H-

NMR spectra and all these were screened against four enzymes namely, 

acetylcholinesterase, butyrylcholinesterase lipoxygenase and chymotrypsin. Their 

antioxidant potential was also evaluated by “DPPH radical scavenging activity” and only 

4′-O-ethyl naringin (31a) showed antioxidant potential (IC50 36.21±0.32 µM/ml). 4′-O-

Ethyl naringin (31a), 4′-O-(2′′′′-phenylethyl) naringin (31f), 4′-O-(3′′′′-phenylpropyl) 

naringin (31g) and 4′-O-(p-fluorobenzyl) naringin (31i) were found to be moderate 

inhibitors of butyrylcholinesterase while naringin (18) itself, 4′-O-n-butyl naringin (31b), 

4′-O-iso-propyl naringin (31d) and 4′-O-(N-3′′′′′, 5′′′′′-dimethylphenyl-C-acetamido) 

naringin (31l) were identified as moderate inhibitors of lipoxygenase. Against 

chymotrypsin only 4′-O-(p-bromobenzyl) naringin (31h) was found to be a moderate 

inhibitor. 

In a search for potential bioactive substances from plants origin, the antioxidant, 

antibacterial, antifungal and hemolytic activities of some more medicinal plants 

indigenous to Pakistan viz. Dodonaea viscosa Jacq. (Sapindaceae), Cotinus coggyria 

Scop. (Anacardiaceae), Fumaria indica Linn. (Fumariaceae), Dicliptera bupleuroides 
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Nees. (Acanthaceae), Curcuma zedoaria Rosc. (Zingiberaceae), Syzygium aromaticum L. 

(Myrtaceae) and Illicium verum Hook. (Illiaceae) were studied in detail after their 

phytochemical screening. Each of the shade-dried ground whole plants was exhaustively 

extracted with methanol on the soxhlet apparatus and partitioned with n-hexane, 

chloroform, ethyl acetate and n-butanol sequentially. All these fractions as well as 

remaining aqueous fractions of all studied plants were examined for their above 

mentioned bioactivities. Antioxidant potentials were checked by four methods: DPPH 

free radical scavenging activity, total antioxidant activity, ferric reducing antioxidant 

power (FRAP) assay and ferric thiocyanate assay along with determination of their total 

phenolics. BHT and ascorbic acid, the standard antioxidants were used as positive control 

and blank as negative control. Antibacterial activities were checked against two gram-

positive bacteria i.e. Staphylococcus aureus and Bacillus subtilis and two gram-negitive 

bacteria i.e. Pasturella multocida and Escherichia coli by the disc diffusion method using 

streptomycin sulphate, a standard antibiotic, as positive control. Antifungal activities 

were studied against four fungi i.e. Aspergillus niger, Aspergillus flavus, Ganoderma 

lucidum and Alternaria alternata using fluconazole, a standard antifungal drug, as 

positive control. Zones of inhibitions were measured in mm. The polar fractions of these 

plants showed very good antioxidant activities in all the assays. Polar fractions also 

showed good antibacterial and antifungal activities. 

The fractions which showed good bioactivities contain phenolics and flavonoids. These 

fractions and pure isolated compounds which showed good bioactivities can be used in 

pharmacological preparations as non-toxic, potent and safe drugs. 

Hemolytic activites were performed on all the fractions of plants. Triton was used as 

positive control (100% toxicity) while phosphate buffer saline was used as negative 

control (0% toxicity). All the fractions showed very low toxicity except all polar fractions 

of D. viscosa and n-hexane fractions of C. coggyria and D. bupleuroides which showed 

high toxicities. 
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1.0 Introduction 

Plants provide many essential materials which are required for the day-to-day living such 

as oxygen, food, clothing, timber for housing. At the same time they provide many 

compounds such as rubbers, gums, oils, dyes, resins, pesticides and drugs which have an 

importance in improving the quality of life of human being. In recent years, there is an 

increasing trend of assessing drug potential in the compounds derived from the plants. 

Therefore, advancement in the synthetic chemistry has provided us with many of the 

recent drugs. Pharmaceutical industry has widespread believe today that next generation 

drugs will be synthesized by the computational chemistry. This raises a question that 

whether plant-derived compounds have any role still in the drug discovery programmes 

[1].   

Plants are natural chemical factories which have been evolving bio-synthetic programmes 

since million of the years. During the process of evolution plants have synthesized a 

number of complex compounds which are in many diverse structural forms which can 

never be imagined even by the most imaginative and thoughtful organic chemist. Plants 

provide chemical pathways which help to produce such compounds which are capable 

and beneficial in curing many diseases. Despite such beneficial uses of plants, we are 

involved in their careless destruction. In many parts of the world, plants have a threat 

from the global warming, pollution and de-forestation problems and these factors already 

have resulted in diminishing the diversity of global flora. The plant-based drug discovery 

progammes help us to understand and highlight the importance of plants and to conserve 

our flora and not to involve directly into destruction and uncontrolled exploitation of 

these [1]. 

There is a wealth of medicinal plants in Indo-Pak. For generations these have been 

traditionally used as medicines by tribal healers and have also been used in Ayurveda, 

Sidhha and Unani system of medicines. Ancient Indian literature also signifies the 

importance of these plants and describes the usefulness of each plant on this earth. These 

plants are evenly useful for human beings and animals and also for other plants. Major 

constituents of the most of the indigenous plants have already been extracted from these. 
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Western medical preparations also contain plant origin ingredients in a large number of 

medicines. Medicines used in ancient times, or which had been used even in recent past, 

were in raw form as these were not refined, modified, improved and sophisticated. Now a 

days research, development and new techniques contribute towards improvement in 

quality, presentation, form and isolation of active principles to be used as medicinal 

preparations. In context of the increase in human knowledge, new developments and 

discoveries and improvement in scientific methods and technology, scientists are able to 

isolate different constituents with medicinal properties from plants. On the basis of 

different biological and pharmacological tests performed a rational development of novel 

drugs could be carried out. In modern system of medicines, there are more than 25 

percent of the drugs in use which are either plant based or has been extracted and derived 

from the plants [2]. Many higher plants are the major sources of the natural products, 

which are used as agrochemicals, pharmaceuticals, fragrance and flavor ingredients, 

pesticides and food additives [3]. Search for the new plant derived chemicals, thus, 

should be a priority in the current and future efforts toward the rational utilization and 

sustainable conservation of biodiversity [4]. 

 

1.1 Major Classes of Plant Chemicals (Secondry Metabolites) 

A vast range of organic compounds is synthesized by plants which are classified 

traditionally as primary and secondry metabolites. Primary metabolites play essential role 

in respiration, photosynthesis, growth and development. These include carbohydrates, 

amino acids, nucleotides, organic acids, acyl lipids and phytosterols. Other 

phytochemicals are reffered as secondry metabolites which are structurally diverse and 

are usefull in chemotaxonomic studies. There function in plants was ignored for long 

time but now they are attracting attention as some of them are found to have key role in 

protecting the plants from microbial infections and herbivores, as allelopathic agents, as 

attractants for the pollinators and seed dispersing animals, and as UV protectants. They 

are also used as drugs, perfumes, flavouring agents, waxes, oils, glues, fibres and dyes. 
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They are found as potential sources of the new natural drugs, insecticides, antibiotics and 

herbicides [5, 6]. 

In recent years, role of the secondry metabolites as protective dietery constituents has 

become increasingly important area of the human nutrition research. Plants’ secondry 

metabolites, based on their biosynthetic origin, can be divided into three major groups i.e. 

phenolics (flavonoids, coumarins, phenolic acids, tannins, lignins and stilbenes), 

terpenoids (plant volatiles, carotenoids, sterols and cardiac glycosides) and nitrogen 

containing metabolites (alkaloids and glucosinolates) [7]. In the following section, three 

major biogenetic classes of plant chemicals have been discussed.  

 

1.1.1 Terpenoids 

Biosynthetic origin of terpenoids and isoterpenoids is from dimethylallyl and isopentenyl 

pyrophosphates. They occur in bud exudates, leaf glandular trichomes, and bark resins. 

They are cyclic unsaturated hydrocarbons or aromatic structures having oxygenation 

(ketonic, alcoholic etc.) in the substituents, which are attached to the basic carbon 

skeleton. These are subdivided on the basis of number of five-carbon (C5) units present, 

from the monoterpeniods (C10) to the tetraterpenoids (C40). Terpeniods are arranged in 

order of increasing molecular weight (table 1.1). The monoterpenoids having lactone 

substitution are known as irridoids (monoterpene lactones) while sesquiterpenes having 

lactone ring are known as sesquiterpene lactones. The sesquiterpene lactones are 

particularly numerous, having with nearly 3000 structures [8-10]. Triterpenoids are the 

largest class of terpenoids, with many known saponins. There are several subclasses of 

triterpenoids, described as nortriterpenoids, to indicate some degradation occurred in 

latter stages of biosynthesis, in which loss of 4 to 11 carbon atoms takes place 

progressively e.g. C23 cardenolides [1].  
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_______________________________________________________________________

Table 1.1 Subclassification of the terpenoids 

Terpenoid class Description 

Monoterpenoids Essential oil constituents, volatile 

Iridoids Lactones Having bitter taste, generally in glycocidic 

 form 

Sesquiterpenoids Constituents of essential oil of high boiling 

 point 

Sesquiterpene lactones Characteristic of Asteraceae family 

Diterpenoids Gibberellins and resin acids  

Steroid and triterpenoid saponins Haemolytic glycosides 

Buffadienolides and cardenolides Toxins and heart poisons  

Phytosterols Constituents of memberanes 

Cucurbitacins Bitter, especially of the Cucurbitacae 

Nortriterpenoids Qassinoids and limonoids  

Other triterpenoids Hapanes, upanes and ursanes etc.  

Carotenoids Red to yellow pigments 

 

1.1.1 Alkaloids 

Alkaloids are the plant’s nitrogen-containing metabolites. They have nitrogen atom as 

part of their structures, so these are organic bases that are usually linked in a cyclic 

system of 5 or 6-carbon atoms. Almost 10,000 structures of alkaloids have been recorded 

[1]. In plants, the alkaloids generally exist as the salts of organic acids such as lactic, 

malic, citic, oxalic, acetic, tannic, tartaric and other acids. Some weak basic alkaloids e.g. 

nicotine occur freely in nature. Few of the alkaloids also occur as glycosides of various 

sugars such as rhamnose, glucose and galactose, for example, alkaloids of the solanum 

group (e.g. solanine), as amides (e.g. piperine), and as esters (e.g. cocaine, atropine) of 

organic acids [1, 11, 12]. 

Alkaloids are only distributed in higher plants. These are found in about 20% of various 

angiosperm species. Alkaloids are rarely found in ferns and gymnosperms and have not 

been observed in liverworts or mosses [1, 13]. Natural occurrence of other nitrogen-

containing metabolites is also limited. Reason of the limited distribution of nitrogen 

based secondary metabolites in plants is that this element has a limited supply to the plant 
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even in the leguminous plants that fix their own nitrogen. All the nitrogen-containing 

secondary metabolites are derived from various protein amino acids so they are in less 

quantity as compared to phenolic compounds [1]. In general alkaloids are derived 

biosynthetically from amino acids and they are classified into different subclasses on the 

bases of the carbon skeleton, e.g. isoquiniline, quinoline, indole etc. [1]. 

________________________________________________________________________ 

Table 1.2 Alkaloids  

Subclass Description 

Amaryllidaceae Restricted to daffodil family having 275 structures 

Betalain Purple or yellow pigments of the Centrospemae 

Indole Many structures; in Laganiaceae, Apocynaceae 

Isoquinoline Widely distributed, largest group of alkaloids 

Lycopodium Limited to club-mosses having 150 structures 

Peptide Especially in the Rhamnaceae, 130 structures 

Piperidine and Pyrrolidine Inhibitors of the sugar-hydrolysing enzymes, 

includes polyhydroxyalkaloids 

Pyrrolizidine Present commonly in Compositae and Boraginaceae 

Quinoline Present commonly in the Rutaceae 

Quinolizidine Characteristicsof Leguminosae 

Steroidal In Buxaceae, Apocynaceae, Solanaceae, Liliaceae 

Tropane Found in Solanaceae e.g. Atropa 

 

 

1.1.3 Phenolic Metabolites 

The phenolic compounds are composed of aromatic structures containing one or more 

than one hydroxyl groups. Mostly they are polyphenols substituted with several hydroxyl 

groups and one or more glycosyl or methyl groups. Biosynthetic origin of phenolics is 

from phenylalanine. Most well known group of polyphenols is flavonoids, comprising 

about 4000 structures. There are total 8000 phenolics nearly, in which all non-flavonoids 

are also included. Majority of phenolics are of plant origin but a few also present in 

animalia kingdom e.g. some flavonoids such as quercetin is found in butterfly wings. 

There is variety of range in molecular weights of various classes of polyphenols. Some 

are very simple such as phenol and salicylic acid. Others are complex having molecular 
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weights of 2000 or more such as anthocyanin pigments, while some of them are 

polymeric condensed tannins having molecular weights about 30,000 [1].  

 

________________________________________________________________________ 

Table 1.3 Classification of the phenolic compounds 

Subclass Description 

Anthochlores Chalcones and aurones, yellow flower

 pigments 

Anthocyanins Blue to red flower pigments 

Benzofuranes  Occur in lichens and in higher plants 

Coumarins Widespread in plants, over 700 structures 

Chromones Therapeutically important, small group 

Minor flavonoids Dihydroflvonols and flavanones 

Isoflavonoids In the free state, characteristic of family 

Leguminosae 

Flavones and flavonols Mostly in glycosodic combination, many 

structures 

Lignans Mostly present in bark and wood 

Phenolic ketones Generally occur in ferns and in hopes 

Phenolic acids and phenols Some of them are universal in the plants 

Phenylpropanoids Widespread, many structures 

Stilbinoids  Dihydrophenanthrenes are also included 

Quinonoids Anthraquinones, naphthoquinones and 

benzoquinones 

Xanthones Mainly in Guttiferae and Gentianaceae 

Tannins Hydrolysable and condensed 

 

1.2 Health Benefits From the Increase Consumption of the 

Phytochemicals 

 

1.2.1 Antioxidants  

Antioxidant is defined as that substance which significantly inhibits or delays the 

oxidation of the substrate, even if present in very low concentration as compared to the 

high concentration of the oxidisable substrate [14]. Free radicals are involved in nearly 

100 diseases, which include atherosclerosis, cancer, cataract, inflammatory bowel 
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diseases, neuro-degenerative deseases, coronary heart diseases and rheumatoid arthritis as 

well as these involve in aging [15]. Excessive production of free radicals takes place in 

many of these diseases during course of illness. Cancer and heart diseases are major 

causes of death and cataracts influences quality of life. Antioxidants decrease the 

concentration of free radicals and thus the risk of such diseases. Epidemiological 

evidence shows that the risk of heart disease and cancer is reduced by a diet having fruits 

and vegetables at increased levels because these contain antioxidants [16, 17].  

 

1.2.2 Classes of Antioxidants in Plant Foods and Plants 

1.2.2.1 Vitamins 

So many fruits and vegetables contain ascorbic acid or vitamin C that is highly water 

soluble. Its best dietary sources are strawberries, blackcurrants, oranges and green pepper 

which contain nearly 60-100 mg vitamin C per 100 g of portion. The avocado, peanuts 

and wheat grams contain high levels of vitamin E (tocopherol). The α form of tocopherol 

is most important in vivo among the several forms of tocopherols in diet [1, 17]. 
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Mechanism of interaction of ascorbic acid with free radicals is as fallows: 
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Thus one ascorbate molecule is potentially able to scavenge the two harmful radical 

species.  

 

1.2.2.2 Carotenoids 

These are highly coloured compounds. Red pepper, spinach, carrots, tomatoes, sweet 

potato, broccoli and kale contain abundant amounts of carotenoids e.g. lutein, lycopene 

and β-carotene [1, 18].  
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HO

OH

Lutein  

 

Interaction of carotenoid with free radicals takes place as fallows: 

R CAR H RH CAR

R CAR R CAR
 

Quenching of singlet molecular oxygen takes place as fallows: 

CAR1O2
3O2

3CAR  

1.2.2.3 Flavonoids 

These are among the very large classes of phenolic compounds. Most commonly 

encountered flavonoids in the diet are flavonol, anthocyanins (present in berry fruits) 

flavanols (present in tea), quercetin (found in apple and onion) flavones and flavanones 

[1, 19, 20]. 
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Interaction of flavonoid with free radicals takes place as fallows: 

FlOH FlO H
 

FlO N3
FlO N3

 

FlO FlOR R
 

R H RH
 

2 FlO FlOH Fl O
 

1.2.2.4 Organic acids 

Hydroxycinnamic acids, which are present in very large amounts in some foods, are also 

dietary antioxidants. Chlorogenic acid is found in many fruits and coffee, it is composed 

of caffeic acid linked with the quinic acid. Ferulic acid is present in wheat bran as major 

component. Phenylindan dimmers, found in the roasted coffee and curcumin, one of the 

hydoxycinnamic acid dimers, found in turmeric are also most potent antioxidants [1, 21].  
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Interaction of organic acids with free radicals takes place as fallows: 
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•
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1.2.3 Protection of Targets from the Free Radical Attack 

1.2.3.1 Inhibition of Carcinogenesis 

The antioxidants act as blockers of carcinogenesis. The reactive oxygen species and the 

free radicals are the cause of changes in the cell which results in modifications of DNA. 

The free radicals are generated from normal cellular metabolism as well as from external 

stimulo for example from UV light, burnt food and tobacco. The antioxidants and plant 

phytochemicals inhibit the production of free radicals, so decrease carcinogenesis [1, 22, 

23]. 

1.2.3.2 Protection of Low Density Lipoproteins 

The antioxidants protect the low density lipoprotein (LDL) from oxidative damage in the 

plasma. Many antioxidants including, vitamin E, prevent the oxidative modification of 

the protein components and lipids. If the oxidative modification of LDL takes place, then 

it cannot bind to correspondant receptor on the surface of the epithelial cells and thus 

binds to different receptor which results in the initiation of foam cell formation leading to 

coronary heart disease and atherogenesis. Antioxidants reduce the risk of coronary heart 

disease by preventing this process to occur [1]. 

1.2.4 Antibacterial and Antifungal Agents 

Many low molecular weight metabolites are present in higher plants which provide them 

protection from the various microbial infections. A number of barriers provide disease 

resistance in the plants including physical appressoria, lignifications and defensive 

proteins. These metabolites inhibit the spore germination of microbes. Some of the 

fungitoxic compounds from the plants are: Luteone (in Lupinus albus), Sakuranetin (in 

Ribus nigrum), and Nobiletin (in Citrus spp.). Parthenolide present in Tanacetum 

parthenium is very effective against the bacterial infections [1]. 
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1.2.5 Enzyme Inhibitors 

Many flavonoids as well as hydoxycinnamic acids are the very effective inhibitors of the 

various enzymes. Some enzymes such as xanthine oxidase, cyclo-oxygenases, 

lipoxygenases and cytochrome P450 isoforms are potentially pro-oxidant so these cause 

the generation of radicals. So it is necessary to inhibit the enzymes to prevent various 

diseases and plants are the rich sources of flavonoids which effectively inhibit the 

enzymes for example quercetin is used for the inhibition of 5-lipoxygenase and the 

xanthine oxidase is inhibited by C-7 hydroxyl group of the flavonoids [1]. 

1.2.6 Anticarcenogens 

Many naturally occurring compounds exhibit anticarcinogenic properties and they act as 

blocking agents or suppressing agents. The blocking agents act by the stimulation of 

carcinogen detoxifying enzymes (quinine reductase, glutathione S-transferase and UDP-

glucuronosyl transferase) and by the inhibition of such enzymes that activate the pre-

carcenogens into carcenogens (cytochrome P450) and hense reduce the risk of these 

substances. Suppressing agents inhibit the tumour appearance. Allyl and benzyl-

isotihocyanates are very effective suppressing agents. For example the breakdown of 

sinigrin results in the formation of allyl-isothiocyanate which kills some tumour cells 

selectively [1]. 

1.3 FAMILY PAPILIONACEAE 

This family includes 375 genera and is the largest within three families of the order 

Leguminales. In Pakistan, there are many important genera of Papilionaceae found in 

plains and hills. Herbs of this family appear in Indian plain in winters. Mostly they are 

shrubs or hurbs and not trees
 
[24]. 

1.3.1 Economic Importance  

Many plants of this family exhibit economical importance for instance Vicia Faba 

(Bakla) and Pisum sativum (Matter) which are used as vegetables. Trigonela Foenum 

(Methi) and Medicago sativa (Alfa Alfa) are medicinal. Arachis hypogea (Mong Phalli) 
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and Glycine max (Soyabean) yield oil. Erythrina suberosa (Panga) and Mucronata (San) 

yield fibers. Vigna sinesis (Lobia) and Phaseolus aureus (Mong) yield edible pulses. 

Lathyrus odoratus (Phool matter) used as ornamental plant. Medicago denticulate (Mana) 

and Cyamopsis tetragonolaba (Guwar) are used as food. Furnitures are made from 

Dalbergia sisso (Shisham). Derris is commonly used as fertilizer [25, 26]. 

 

1.3.2 Medicinal Importance 

The seeds of Methi are used as carminative, aphrodisiac, tonic, as cooling drink, in small 

pox and for dysentery. Mellilotus officinalis is emollient, carminative, and styptic. It is 

used internally to cure flatulence and externally as a fomentation for pain. Mellilotus 

indicus is used as plaster, on swellings. Its seeds are used in infantile diarrhoea and bowel 

complaints. Seeds of Trigonella occulta are used in dysentery [25]. Fresh leaves of 

Desmodium triflorum, are used for wound healing. To control bed bugs, a branch of 

Desmodium pulchellum, is kept under the bed or at some other place. Roots of Uraria 

prunellaefolia, mixed with unboiled milk are given to the patients of black water fever. 

To cure skin diseases, seed oil of Pongamia glabra is used [26]  

 

1.3.3 Genus Rhynchosia 

Rhynchosia is an important genus of family Papilionaceae, one important specie of which 

is Rhynchosia pseudo-cajan (Camb.), having importance in medicines. 
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1.3.4 Rhynchosia pseudo-cajan 

It is evergreen, erect shrub up to 3m in size with grey and striate tomentose branches. 

Flowers are yellow and fruit is 2.5 cm long, with one or two seeds. 

    

Fig. 1.1 Rhynchosia pseudo-cajan 

Its flowering period is from May to June, but is also seen in other seasons. It is known as 

Lahrr in Pakistan and distributed in Azad Jammu and Kashmir, Pakistan
 
[27, 28]. 

1.3.5 Medicinal Importance of Rhynchosia pseudo-cajan 

Leaves are used as tonic for stomach disorders. Powder of leaves and bark is useful for 

digestive problems such as peptic ulcer
 
[27]. Fermented liquour is made by crude drugs 

of Rhynchosia genus that have anti-tumor, anti-oxidative, arthritis treating and preventive 

and skin whitening effects [29]. 

1.4 FAMILY LAMIACEAE 

This family belongs to order Lamiales. This family comprises of about 200 genera and 

3200 species that are distributed all over the tropical and temperate regions, most 

abundant in the Mediterranean region. These plants are mostly annual or perennial herbs, 

shrubs but trees are very rare. Parts of plants are generally covered with glandular hair
 

[24]. 
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1.4.1 ECONOMIC IMPORTANCE 

Many plants of this family are economically very important e.g Coleus aromaticus 

(Borage), Salvia coccinia (Sage) and Oreganum vulgare (Marjoram) are used, as 

ornamental plants while some others are used in medicines e.g. Ocimum canum (Kali 

tulsi), Ocimum sanctum (Holy basil), Ocimum basilicum (Sweet basil), Mentha piperita 

(Peppermint plant), Mentha arvensis (Mint), Thymus (Thyme), Lavandula vera 

(Lavender plant), Rosmarinus officinalis (Rosemary) [24]. Oil of lavende is made by 

flowers of Lavandula vera, and also used in Eude cologne and perfumes. Rosmarinus 

officinalis is popular in perfumes. Leaves of Coleus amboinicus have been used in food 

products as flavoring agent [26]. 

 

1.4.2 Medicinal Importance 

Leaves of Ocimum sanctum and Ocimum basilicum are used for treatment of ringworms 

and bronchitis. For culinary purposes, leaves of Mentha arvensis and Mentha viridus are 

used [26]. Mint leaves are used in indigestion and rheumatic pains. Peppermint is used in 

ointments, for stomach disorders (vomiting, flatulence, nausea and diarrhea), for relieving 

pains (rheumatic, headache etc), in cough drops, mouthwashes as well as in inhalations. 

Its oil is also antiseptic. Leaves and seeds of Tulsi are also medicinal. Oil obtained from 

its leaves have the property of destroying insects and bacteria. Juice and infusion of the 

leaves, is useful in digestive problems, bronchitis and skin diseases. Seeds are used in 

problems of urinary system [30]. 

 

1.4.3 Genus Colebrookia 

One important genus of family Lamiaceae is Colebrookia, an important species of this 

genus is Colebrookea oppositifolia Smith. which is medicinally important. 
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1.4.4 Colebrookia oppositifolia 

Colebrookia oppositifolia Smith. is known locally in Pakistan as Pansra, Pathan, Bansa 

Sufaid, Binda, Chella, or Kala behakar, and is distributed in Burma, Indo-China, and in 

Kashmir, Pakistan. Flowering period is from July to September. Mostly found in hilly 

and semi-hilly areas of Pakistan and India up to an altitude, of 49,000 m, and is very 

common in lower zones of Himalya i-e up to 1200 meters. It is shrub with height upto 2.5 

m [31, 32].  

 

    

Fig. 1.2 Colebrookia Oppositifolia 

 

1.4.5 Medicinal Importance of Colebrookia oppositifolia  

There are many ethno medicinal uses of the Colebrookia oppositifolia. Its leaves are 

applied to ulcers, wounds and bruises as an antiseptic to prevent infections. Its roots’ 

extract contains flavones and is used in the treatment of epilepsy. The stem of F. 

bengalensis, fruits of Annona squamata, roots of Asparagus racemosus and shoots, stem 

and leaves of Colebrookia oppositifolia are crushed and this mixture is taken on an empty 

stomach for the cure of urinary problems [33]. 

 

It is used for inhibiting sugar-induced weight gain resulting from fructose and glucose 

driven lipogenesis [34], for preventing and treating memory and cognitive impairment 

resulting from oxidative stress, inflammation and the process of aging, as well as, 
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neurodegenerative conditions [35], in the prevention and treatment of diseases and 

conditions associated with mouth, gums and teeth
 
[36] and for the treatment of bone 

diseases
 
[37]. 

1.5 Cotinus coggyria 

Cotinus coggygria Scop. belongs to family Anacardiaceae. Anacardiaceae have 70 genera 

and 650 species of evergreen or deciduous plants. C. coggyria is shrubby tree which is 

commonly known as Smoke tree or Wig tree. It is used as ornamental plant in many 

gardens throughout the United States [38]. It grows at height of 762-1524 in the North 

West Himalaya.  

  

Fig. 1.3 Cotinus coggygria 

Its flowering period is from April to May. It is shrub, mostly upto 2 meter tall. It grows 

mainly in Central Europe and South Europe, Caucasia, South Russia, Crimea, Latakia 

and Turkey [39]. Its leaves are very medicinal and used internally as infusion in the folk 

medicine for its antiinflammatory, antiseptic, antihaemorragic, antimicrobial, 

woundhealing properties and also against diarrhoea. The young branches and leaves from 

naturally growing trees of Cotinus coggyria are utilized in the production of an essential 

oil having terpenic odour and used in perfumery. Its roots are used commonly in the 

dying of cloths and leather into a yellowish colour [40]. 



Introduction    
 

 18 

1.6 Dodonaea viscosa 

Dodonaea viscosa Jacq. is an evergreen shrub, upto 5 m tall. It belongs to family 

Sapindaceae. Sapindaceae contains 140-150 genera and 1400-2000 spicies of plants. D. 

viscosa is commonly known as Sanatha and is distributed in Pakistan, India, China, 

Ceylon, North America, South Africa and Australia. Its flowering period is from January 

to March. It grows in low hilly areas. It is an excellent hedge plant because it grows very 

quickly [41]. It is commonly utilized in the traditional folklores medicine in Pakistan 

mostly for the treatment of many fungal skin diseases such as Tinea manum, Tinea 

capitis, Tinea corporis and Tinea pedis, etc. The powdered leaves of Dodonaea viscosa 

are applied over the wounds in burns and scalds. These possess febrifuge properties and 

are useful for various skin diseases. It is commonly used in Ethopia for the cure of skin 

diseases. It is a very popular medicinal plant. Its leaves are mostly used as anti-

inflammatory, antibacterial, anti-ulcer and antifungal agents and also in the treatment of 

rheumatism and bone fractures. Medicinal oil is prepared from its roots, which is used for 

treatment of rheumatism [42]. 

 

  

Fig. 1.4 Dodonaea viscosa 
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1.7 Fumaria indica 

Fumaria indica Pugsley also known as Fumaria parviflora belongs to family 

Fumariaceae. Fumariaceae consists of 20 genera and 575 species. F. indica is locally 

known as Shahtrah or Pitpapra. It is annual herb which grows wild in lower hills and 

plains. It is distributed in Pakistan, India, Afghanistan and Central Asia. Its flowering 

period is from March to June [43]. 

The plant is used as antidyspeptic, blood purifier, anthelmintic, cholagogue, diaphoretic, 

diuretic, stomachic, sedative, laxative and tonic. It is used for treatment of jaundice, 

abdominal cramps, diarrhoea, fever, leprosy, syphilis and constipation. It possess 

anthelmintic, hepatoprotective, antipyretic and hypoglycemic properties [44]. It is 

antipyretic and also a smooth muscles relaxant as well as it stimulates bile excretion [45]. 

 

        

Fig. 1.5 Fumaria indica 

1.8 Dicliptera bupleuroides 

Dicliptera bupleuroides Nees. commonly known as Kalu ghu, Kuthi, Pateev, Kirch and 

Somni belongs to family Acanthaceae. Acanthaceae comprises 250 genera and 2500 

species. D. bupleuroides is an erect, much branched herb with hairy twigs. It is about 90 

cm long. It is distributed in Pakistan, Afghanistan, Nepal, Bangla Desh, Bhutan, India to 

Indo-China and West China. Its flowering period is from June to October. It is found at 

altitude of 1200-1800 m [46]. 
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It is medicinal plant commonly used for tonic debility. It is also used for the treatment of eye 

diseases. Its fresh crushed leaves are used to apply gently on effected portion of body three 

times in a day for a week in eczema [47-49]. 

     

Fig. 1.6 Dicliptera bupleuroides 

 

1.9 Curcuma zedoaria 

Curcuma zedoaria Roscoe, commonly known as Zedoary, Kachoor or White turmeric, is 

an important medicinal bearing plant. It belongs to family Zingiberaceae which consists 

of many medicinal tuber plants whose rhizomes are commercially exploited. 

Zingiberaceae consists of 52 genera and 1300 species. Curcuma zedoaria Rosc. is close 

relative of Haldi (Curcuma longa). Its various parts are commonly used in Ayurveda and 

also in other tribal and folk system of medicines. Its rhizome is used in the cure of 

stomach diseases, toothache, blood stagnation, tuberculosis, enlargement of spleen and 

leucoderma in the traditional medicine in Asia. It also exhibits anti-inflammatory, 

antifungal, antimicrobial, hepatoprotective, antiulcer and antiamoebic effects. Its rhizome 

is extensively used for treatment of various cervical and ovarian cancers. Curdione 

isolated from zedoary inhibits cyclooxygenase-2 and prostaglandin E2 production and 

expression, these both are implicated in carcinogenic process and inflammation [50]. 

It is stomachical and has been recently studied as its anti tumor, hepatoprotective, 

analgesic and anti inflammatory. It is aso used as condiment and dye [51]. It is one of the 

important ingredients of Unani formulations which are used for treatment of 
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gastrointestinal disorders. It has inhibitory effect on the gastric secretion. It possesses 

antifungal, cytotoxic and antibacterial activity [52]. It is analgesic, anti-allergic, anti-

inflammtory, antipyretic and anti metastasic [53]. Its rhizome is used to aid digestion, for 

purification of blood, for treating colds and infections and for providing relief for colic. 

Rhizome is also chewed to alter the sticky taste of mouth. Decoction of its roots is used 

for the treatment of weakness results from childbirth [54]. 

 

       

Fig. 1.7 Curcuma zedoaria 

 

1.10 Syzygium aromaticum 

Syzygium aromaticum (L.) Merr. and Perry, (synonym Eugenia aromaticum and Eugenia 

caryophyllata) belongs to the family Myrtaceae, commonly known as Cloves. Myrtaceae 

comprises 150 genera and 5650 species. Cloves are the dried unopened flower buds of 

this plant. Cloves are native to India and Indonesia and used as spice all over the world. 

These are very medicinal, used as odontalgic, diuretic, tonicardiac, stomachic, aromatic 

condiment, carminative and stimulant. These are commonly used for treatment of 

dyspepsia and gastric irritation [55, 56]. 

 

Its essential oils are commonly used as painkiller for dental pains. These are used for 

digestive problems as well as to improve peristalsis. These are natural antihelmintic and 

http://en.wikipedia.org/wiki/Myrtaceae
http://en.wikipedia.org/wiki/Myrtaceae
http://en.wikipedia.org/wiki/Flower
http://en.wikipedia.org/wiki/Bud
http://en.wikipedia.org/wiki/Indonesia
http://en.wikipedia.org/wiki/Spice
http://en.wikipedia.org/wiki/Peristalsis
http://en.wikipedia.org/wiki/Antihelmintic
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also used to treat hiccough, morning sickness, diarrhea and vomiting. Clove oil is used 

for curing various skin disorders such as acne, pimples, skin irritations, in severe burns, 

as well as to reduce sensitiveness of the skin [57, 58]. 

 

 

Fig. 1.8 Syzygium aromaticum 

1.11 Illicium verum 

Illicium verum Hook. commonly known as Star anise or Badiane is native to India, 

southeast China, Vietnam and Japan is an evergreen shrub belongs to family Illiaceae 

[59]. Its essential oil is mainly used in the pharmaceutical and food industry because it 

exhibits good insecticidal activity, antioxidant activity and antimicrobial potential [60]. It 

is used also as remedy for rheumatism. Its seeds are commonly chewed after the meal to 

aid digestion [60]. Illicium verum is also well known because of its use as the aromatic 

spice. It is also used in the phytotherapy for treatment of the dyspeptic complaints as well 

as catarrhs of respiratory tract [61]. Shikimic acid is isolated from Illicium verum which 

is used as a starting material in the synthesis of Oseltamivir [62].  

     

Fig. 1.9 Illicium verum 

 

http://en.wikipedia.org/wiki/Hiccough
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LITERATURE REVIEW 

Rangaswamy et al., 1975 [63] isolated proanthocyanidines from the seeds of Rhynchosia 

minima which is a leguminous weed.  

Krishnamurty et al., 1976 [64] discovered hydroquinone diacetate from the seeds of 

Rhynchosia minima. The ether soluble fraction obtained from the methanolic extract of 

the seed pericarp of the plant yielded hydroquinone diacetate, protochetichuic acid, gallic 

acid and sitosterol. Hydroquinone was first time discovered in this plant and it constituted 

1% of the seed pericarp dry weight in this plant. 

Elizabeth et al., 1977 [65]
 
isolated C-glycosylflavones from the leaves of Rhynchosia 

minima which were characterized and identified as 6-C-glycosyl 8-C-xyloxylapigenin, 

6,8-di-C-glucosylapigenin, 6-C-hexosyl-8-pentosylapigenin, C-pentosyl-C-

hexocylapigenin, di-C-hexosylapigenin, 6-C-glycosyl 8-C-arabinosylapigenin, 6-C-

glycosylapigenin, 

Dama et al., 1980 [66]
 
isolated tirumalin (a prenylated dihydroflavanol) from the leaves 

of Rhynchosia cyanosperma. Its structure was determined by means of spectral analysis. 

Dama et al., 1980 [67]
 
isolated 3′,4′-di-O-methyllutioline-7-O-β-D-glucopyranoside from 

methanolic extract of the leaves of Rhynchosia beddomei. The structure determination 

was done by chemical and spectral means. Rutin, naringenin and D-Inositol were also 

isolated from its leaves’ methanolic extract. Orientin, isoorientin, lucenin, vicenin, 

vitexin and isovitexin were isolated from acetone extract of its leaves. 

Dama et al., 1980 [68] isolated rhynchosin, from leaves of Rhynchosia beddomei. Its 

structure determination was done by chemical and spectral means. 

Singh et al., 1982 [69]
 
studied 7 wild and cultivated species of genus Rhynchosia for 

their chymotrypsin and trypsin inhibiting activities as well as their ability for in vitro 

digestion of seed proteins. Rhynchosia rothii showed highest chymotrypsin and trypsin 

inhibiting activity. 
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Adinarayana et al., 1985 [70]
 

isolated methylated flavonols from the leaves of 

Rhynchosia rufescences. Its leaves contained quercetin 3-methyl ether, kaempferol 3-

methyl ether and kaemferol. 

Adinarayana et al., 1985 [71]
 
found that the some C-Glycosyl phenolic compounds were 

yielded from the leaves of Rhynchosia suaveolens e.g. isovitexin, vitexin, isoorientin, 

orientin, lutiolin, mangniferin and isomangniferin. 

Adinarayana et al., 1985 [72] reported the isolation and characterization of cyclitols, 

phenolic acids and flavonoids, from R. suaveolens, R. rufescenes and R. cyanosperma. 

Adinarayana et al., 1985 [73]
 

established the presence of 4-O-glycosides, 8-C-

glycosides, maringenin and epigenin in the leaves of seven Rhynchosia species studied.  

Mulkay et al., 1985 [74] found amylolytic activity of root extract of R. insignis which 

contains β-amylase and α-amylase. R. insignis extract mixed with Eminia holubii is used 

for the liquefaction and saccharification of the gelatinized starch. 

Adinarayana et al., 1986 [75] isolated vicenin-2, isovitexin, vitexin, isoorientin and 

orientin from the leaves of R. cana. 

Bernard et al., 1988 [76]
 
isolated two novel α-glutamyl peptides from the seeds of 

Rhynchosia albiflora. 

Rao et al., 1989 [77]
 
discovered isotirumalin, a novel prenylated dihydroxy flavanol (6-

C-prenyltaxifolin-7,4′-dimethyl ester). It was isolated from the leaves’ extract of R. 

cyanosperma. 

Rao et al., 1989 [78]
 
isolated leucenin-2, vicenin-2, isovitexin, vitexin, isoorientin and 

orientin from leaves of R. rothii. 

Scetharamamma et al., 1990 [79] isolated vicenin-1, vicenin-2, isovitexin, vitexin, 

isoorientin and orientin from the leaves of R. jacobii.  

Wasim et al., 1993 [80]
 
done phytochemical studies on the ethyl acetate fraction of the 

extract of R. minima. As a result a new sterol glycoside (3-O-β-D-galactopyranosyl-
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stigmasta-5, 22-diene) was isolated alongwith lupiol, stigmasterol and ergosterol 

peroxide. 

Nea et al., 1993 [81] isolated leucenin-2, vicenin-2, isovitexin, vitexin, isoorientin and 

orientin from the leaves’ extract of R. sublobata and R. bractiata. 

Rao et al., 1998 [82] isolated a novel compound from the leaves’ extract of R. denciflora. 

Its characterization was done as (+)-(2R,3R)-6-C-prenyltaxifolin 7,3′-dimethyl ether. 

Rao et al., 1999 [83]
 
done phytochemical investigation on leaves of R. denciflora. 

Leucenin-2, vicenin-2, isovitexin, vitexin, isoorientin and orientin were isolated from 

them. 

Kinjo et al., 2001 [84] found that antiproliferative activity was shown by R. volubilis 

seeds’ methanolic extract against the murine melanoma cells, human uterus carcinoma 

and human gastric adenocarcenoma. 

Arinathan et al., 2003 [85] investigated the raw seeds of R. filipes along with other tribal 

pulses for their composition such as certain antinutritional substances, vitamins (ascorbic 

acid and niacin) and minerals. It was found that the seeds were very rich source of 

minerals such as potassium, as compared to the recommended dietary allowance values. 

Lee et al., 2007 [29] presented a preparation method of a fermented liquor using pine 

needles alongwith some crude herb drugs including Rhynchosia volubilis. This fermented 

liquor was found to have skin whitening, anti-tumor, anti-oxidative and arthritis 

preventing as well as treating effects  

Rho et al., 2007 [86] studied the hypocholesterolaemic and dietetic action of Rhynchosia 

volubilis (black soybean) in the dietary obese rats. It was found that Rhynchosia volubilis 

peptides have good anti-obesity and hypolipidemic benefits, so these are potent 

nutraceutical components. 

Ahmad et al., 1975 [87] isolated the two rare flavones from the leaves’ extract of the 

Colebrookia oppositifolia i.e. 5,6,7- trimethoxyflavone and 5,6,7,4′-tetramethoxyflavone. 
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Patwardhan et al., 1981 [88] isolated to novel flavones i.e. 5-hydroxy-4′,6,7-trimethoxy 

flavone and 5-hydroxy-4′,6,7,8,-tetramethoxy flavone for the 1
st
 time from Colebrookia 

oppositifolia. The isolation was done from the acetone extracts of the whole grond aerial 

parts of the plant. 

Ansari et al., 1982 [89] carried out pharmacological screening and chemical 

investigation on the ethanolic extract of roots of Colebrookia oppositifolia. It was found 

to contain betulonic acid, β-sitosterol, triacontane and triacontanol as well as β-glucoside, 

4′,5,6,7-tetramethoxy flavones and an unidentified novel flavonoid glycoside. 

Tyagi et al., 1995 [90] established sugars and vitamins in 4 medicinal plants viz. 

Ageratum conzoides, Colebrookia oppositifolia, Fumaria parviflora and Pogostemon 

plectranthoides. More free sugars are present in Colebrookia oppositifolia. 

Tyagi et al., 1995 [91] established vitamins and sugars in four various medicinal plants 

i.e. Colebrookia oppositifolia, Pogostemon plectranthoides, Fumaria parviflora and 

Ageratum conzoides. 

Tyagi et al., 1995 [92]
 
established amino acids and proteins in four various medicinal 

plants i.e. Colebrookia oppositifolia, Pogostemon plectranthoides, Fumaria parviflora 

and Ageratum conzoides.  

Yang et al., 1996 [93] isolated two novel flavonoid glycosides (5,7,2′-trihydroxy flavone 

2′-O-β-D-glucopyranoside and negletein 6-O-β-D-glucopyranoside) from the bark’s 

extract of the Colebrookia oppositifolia along with three other known flavonoid 

aglycones.  

Mukherjee et al., 2003 [94] estimated the content of 3,3′,4′,5,7-pentahydroxy flavone 

(quercetin) in the leaves’ extract of Colebrookia oppositifolia with the help of HPLC. 

Leaf extract of Colebrookia oppositifolia contained 4.96% quercetin. 

Burnett et al., 2004 [34] made an invention using flavans and flavonoids, which provides 

a novel method for the inhibition of sugar-induced weight gain that results from the 

lipogenesis, driven from fructose and glucose. These compounds were isolated from the 

Colebrookia oppositifolia. 
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Qazi et al., 2004 [95] disclosed a process for the isolation of pure acteoside having high 

hepatoprotection from the Colebrookia oppositifolia. The acteoside was isolated and 

purified by means of column chromatography. It was found very effective 

hepatoprotective agent. 

Jia et al., 2005 [35] made an invention which provides a novel method, for the 

prevention and treatment of memory and cognitive impairment which results from the 

inflammation, oxidative stress, neurodegenerative conditions as well as the process of 

aging. Flavans and flavonoids isolated from the Colebrookea oppositifolia were used in 

this mixture. 

Jia et al., 2006 [36]
 
made a mixture composed of free-β-ring flavans and flavonoids. 

These were isolated from the Colebrookia oppositifolia. It was used in the treatment of 

various diseases associated with teeth, gums and mouth. This mixture also inhibited 

lipoxygenase and cycloxygenase enzymic activity. 

Gaffar and Maria, 2008 [37] presented an invention which relates to the method used 

for the treatment of various bone diseases. A mixture composed of free-β-ring flavans 

and flavonoids was used for treatment. These were isolated from the Colebrookia 

oppositifolia. 

Demirci et al., 2003 [38] analysed the oil obtained from the leaves of Cotinus coggyria 

by hydrodistillation. Forty-two components were detected and characterized from the oil. 

The major components were identified as limonene, (Z )-ocimene and (E)-ocimene. 

Valianou et al., 2009 [96] carried out phytochemical investigation of methanolic extract 

of Cotinus coggyria and isolated many flavonoids. 

Pirzada et al., 2010 [42] determined the antimicrobial activity of the solvent extracts of 

shoot and leaves of Dodonea viscosa against fungi, Aspergillus flavus, Aspergillus niger, 

Paecilomyces varioti, Trichophyton rubrum and Microsporum gypseum causing skin 

diseases. All the crude extracts were found very effective against all these fungi. 



Literature Review     
 

 
28 

Pandey et al., 2007 [97] isolated an alkaloid from Fumaria indica which showed 

inhibitive effect against the spore germination of the some pathogenic fungi. Germination 

of most of the fungi was inhibited significantly at 100-750 ppm. 

Rao et al., 2007 [45] investigated the 50% methanolic extract of the Fumaria indica for 

its antinociceptive and anti-inflamatory potential in various animals. It was found to 

exhibit signifant anti-inflamatory potential with histamine and carrageenean. 400 mg of 

extract exhibited the maximum anti-inflamatory effects. 
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3.0 EXPERIMENTAL WORK 

3.1 General 

3.1.1 Spectroscopic Techniques The 
1
H-NMR spectra were performed in 

deuterated methanol or chloroform run on BRUCKER (AVANCE AV-600, AV-500, 

AV-400 or AV-300) nuclear magnetic resonance spectrophotometers operating at 600, 

500, 400 and 300 MHz. TMS (tetramethylsilane) was used as internal reference. The 
13

C-

NMR spectra were measured at 150, 125, 100 and 75 MHz on the same instrument. The 

chemical shifts have been given in  in ppm and the coupling constants in Hz. Mass 

spectra were performed on JEOL MSRoute spectrometer. The Infrared spectra were 

recorded on the (Bio-Rad, QS 408A) Infrared spectrophotometer. 

 

3.1.2 Chromatographic Techniques 

Column chromatography was done on the silica gel (0.063-0.200mm, 70-230 mesh 

ASTM, MERCK). TLC (thin layer chromatography) was performed on the pre-coated 

silica gel (GF254, 0.5mm thick, 20×20 cm, MERCK) plates. Purity of the isolated 

compounds was checked on the TLC plates with various solvent systems using n-hexane, 

methanol, acetone and chloroform giving single spot. 

 

3.1.3 Detection of Compounds 

Detection of the compounds isolated by chromatography was carried out by viewing the 

TLC plates under the ultraviolet light having wavelength 366 nm and 254 nm for the 

fluorescent quenching spots and by spraying the TLC plates with the ceric sulphate 

reagent. This reagent was prepared by dissolving 0.1 gram of ceric sulphate in 10% 

sulphuric acid. For the detection of spots iodine, was also used. 
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3.2 Phytochemical Investigations on Rhynchosia pseudo-cajan 

3.2.1 Plant Material 

The plant Rhynchosia pseudo-cajan Cambess was collected from the hills of Kotli, which 

is a district of Azad Kashmir (Pakistan), in 2009, in the month of June. Mr. Muhammad 

Ajaib identified the plant who is taxonomist of botany department of the GC University, 

Lahore. Voucher number of the specimen, GC. Herb. Bot. 623 has been submitted in the 

herbarium of GC University. 

3.2.2 Extraction, Fractionation and Isolation 

The whole plant material (15 kg) was dried under the shade and then ground to fine 

powder. The dried powder was soaked in methanol at room temperature and its 

methanolic extract was obtained (20L × 4). Evaporation of the methanolic extract was 

done under vacuum on rotavapour (Laborta 4000-efficent Heidolph) to yield the residue 

(950 g). This residue was then dissolved in the distilled water (2 L), which was subjected 

to solvent extraction and partitioned first of all with n-hexane (1.5 L × 4), then with the 

chloroform (1.5 L × 4), after this with the ethyl acetate (1.5 L × 4) and at the end with n-

butanol (1.5 L × 4). These four organic fractions, as well as the remaining aqueous 

fraction were subjected to rotavapour and concentrated separately under vacuum. The 

yields of n-hexane, chloroform, ethyl acetate, n-butanol and remaining aqueous fractions 

were 203g, 226g 198g, 185g and 138g, respectively. 

The chloroform soluble fraction (226 g) was subjected to the column chromatography 

(CC) over the silica gel column (70-230 mesh) using solvent system of n-hexane with the 

gradient of CHCl3 (from n-hexane:CHCl3, 98:2, 95:5, 90:10, 80:20, 70:30, 60:40, 50:50, 

40:60, 30: 70, 20:80, 10:90, 0:100) (5500 ml for each gradient) and followed by acetone 

up to 100 %. Eleven fractions (fraction 1-11) were collected, having the elution volumes 

as 3600 ml, 4450 ml, 3400 ml, 3700 ml, 3600 ml, 4150 ml, 2780 ml, 3450 ml, 3270 ml, 

4250 ml and 4260 ml respectively. Fraction 2 (4450 ml) was subjected to CC and eluted 

with n-hexane:CHCl3 (80:20) (1000ml) to get purified 1 (10.6 mg). Fraction 3 (3400 ml) 

was subjected to CC and eluted with n-hexane:CHCl3 (70:30) (1100ml) to isolate 2 (25 
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mg). Fraction 4 (3700 ml) was loaded on silica gel and eluted with n-hexane:CHCl3 

(50:50) with elution volume 900 ml to afford 3 (15.7 mg). The fraction 5 (3600 ml) 

showed two major spots. It was loaded on CC and eluted with n-hexane:CHCl3 (45:55) 

(4250 ml), as a result two sub-fractions were obtained. Sub-fraction 5.1 (1600 ml) was 

subjected to CC and eluted with n-hexane:CHCl3 (65:35) (950 ml)  to isolate purified 4 

(15 mg)while Sub-fraction 5.2 (1700 ml) was subjected to CC and eluted with n-

hexane:CHCl3 (55:45) (900 ml) to afford purified 5 (14.5 mg). Fraction 6 (4150 ml) was 

loaded on CC and eluted with n-hexane:CHCl3 (40:60) with elution volume 3100 and as a 

result purified 6 (12.8 mg) was obtained. Compound 7 (13 mg) was afforded from the 

fraction 7 (2780 ml) when it was subjected to CC and eluted with n-hexane:CHCl3 

(35:65) having elution volume 1000 ml. Fraction 8 (3450 ml) was allowed to evaporate at 

room temperature and then subjected to preparative CC with solvent system n-

hexane:CHCl3 (30:70) to get purified 8 (28 mg) and 9 (20.6 mg). The fraction 9 (3270 

ml) showed a two spots on TLC (thin layer chromatography) further purified through CC 

(n-hexane:CHCl3; 20:80) to purify 10 (22 mg) from the head and 11 (26 mg) from the tail 

fractions. Fraction 10 (4250 ml) showed two major spots, subjected to the preparative 

TLC with solvent system n-hexane:CHCl3 (10:90) to afford 12 (25 mg) and 13 (26.5 mg). 

The ethyl acetate soluble fraction (198 g) was loaded on column chromatography over 

silica gel (70-230 mesh) using n-hexane with gradient of CHCl3 (from 50:50, 30: 70, 

20:80, 10:90, 0:100) (5000 ml for each gradient) and followed by acetone and then 

methanol up to 100 %. Twelve fractions (fraction 1-12) were collected, having elution 

volumes as 3100 ml, 4650 ml, 3350 ml, 3200 ml, 3650 ml, 4400 ml, 2500 ml, 2600 ml, 

3200 ml, 4300 ml, 3500 ml, and 4200 ml respectively. Fraction 3 from the first column 

(3350 ml) isolated 14 (26.5 mg) when it was subjected to CC and eluted with 

CHCl3:acetone (80:20) (1100 ml). Fraction 5 (3650 ml) was loaded on the silica gel and 

eluted withCHCl3:acetone (70:30) (950 ml) to obtain purified 15 (21.5 mg). Fraction 7 

(2500 ml) was subjected to CC and eluted with acetone:CHCl3 (40:60) having the elution 

volume 850 ml and as a result purified 16 (19.5 mg) was obtained. Compound 17 (22.9 

mg) was isolated from the fraction 9 (3200 ml) when it was loaded on CC and eluted with 

CHCl3:acetone:MeOH (60:38:2) having elution volume 950 ml. The fraction 11 (3500 
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ml) showed one major spot, it was subjected to the CC and eluted with 

CHCl3:acetone:MeOH (80:10:10) having elution volume 1050 ml to isolate compound 18 

(1.6 g). 

 

(Scheme 3.1) Extraction and Isolation Scheme of Rhynchosia pseudo-

cajan 

Methanolic extract of Rhynchosia pseudo-cajan

(950 g)

  CHCl3
   226 g

n-Hexane
   203 g

  EtOAc
   198 g

  n-BuOH
   185 g

     CC, Hex.

CHCl3. Acet.
     CC, Hex.

CHCl3. Meth.

Octadecane (1)
Triacontyl palmitate (2)
Heptatriacontyl benzoate (3)
1-Hentriacontanol (4)
1-Heptatriacontanol (5)
14,20-Dimethyl-1-heptacosanol (6)
Icosyl-p-hydroxy benzoate (7)
-Sitosterol (8)
Stigmasterol (9)
-Amyrin (10)
Mupinensisone (11)
Alpinetin (12
Pinostrobin (13)

3-Oxoleane-9(11)-diene-30-oic acid (14)
4',5,6-Trihydroxy-7-methoxy flavone (15)
2',4',5,7-Tetrahydroxy isoflavone (16)
-Sitosterol glucoside (17)
Naringin (18)
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(Scheme 3.2) ISOLATION SCHEME OF CHLOROFORM 

FRACTION OF RHYNCHOSIA PSEUDO-CAJAN. 

 

CC n-Hexane:Acetone (100:0-0:100)

Fr.3Fr.1 Fr.2 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9 Fr.10 Fr.11

Octadecane

Triacontyl
palmitate

Frsb 5.1

CHCl3:Hex

   (35:65)

Frsb 5.2

CHCl3:Hex

   (45:55)

Stigmasterol
        (9)

1-Hentriacontanol 1-Heptatriacontanol

 CHCl3:Hex 

    (50:50)

Heptatriacontyl 
benzoate (3)

CC CC

CC

14,20-Dimethyl-
1-heptacosanol (6)

Icosyl-p-hydroxy 
benzoate

CHCl3:Hex

    (30:70)

CHCl3:Hex

    (65:35)

CC

CC

Chloroform Fraction

CC CHCl3:Hex (55:45)

CHCl3:Hex

    (20:80)

CC

(1)
CHCl3:Hex

    (60:40)

(2)

(4) (5)

(7)

   Frsb 9.1

CHCl3:Hex

   (75:25)

   Frsb 9.2

CHCl3:Hex

   (85:15)

-Amyrin Mupinensisone

CC CC

CC CHCl3:Hex (80:20)

(10) (11)

-Sitisterol
      (8)

CC

CC

CC

PTLC

Pinostobin
        (13)

Alpinetin
     (12)

CC

CC = Column chromatography 

PTLC = Preparative thin layer chromatography 
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(Scheme 3.3) ISOLATION SCHEME OF ETHYL ACETATE 

FRACTION OF RHYNCHOSIA PSEUDO-CAJAN. 

CC CHCl3:CH3OH(100:0-0:100)

Fr.2

Ethyl Acetate Fraction

4',5,6 Trihydroxy, 
7-methoxy flavone

CHCl3:Acetone(80:20)

CHCl3:Acetone(70:30)
CHCl3:Acetone:MeOH

            (60:38:2)

2',4',5,7-Tetrahydroxyisoflavone

CHCl3:Acetone:MeOH

          (80:10:10)

Naringin

CC

CC CC CC

CC

Fr.1 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9 Fr.10 Fr.11

(18)

(17)

(15)

3-Oxoleane-9(11)-
diene-30-oic acid(14)

-Sitisterol glucoside

CHCl3:Acetone(60:40)

(16)

Fr.12

CC = Column chromatography 
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3.2.3 CHARACTERIZATION OF THE CHEMICAL 

CONSTITUENTS OF RHYNCHOSIA PSEUDO-CAJAN 

 

3.2.3.1 OCTADECANE (1)

 

Physical data:  

State: White amorphous solid (10.6 mg) 

M.F.: C18H38 

M.W.: 254.494 

1 2 4

7

911

13

15 17
18

IR max cm
-1

 (KBr):  

2861 (C-H str.), 1432 (CH3), 816 (C-C str.). 

1
H-NMR (300MHz) (CDCl3) ( ppm): 

 1.19 (32H, s, H-2 − H-17), 0.81 (6H, br.s, CH3-1 and CH3-18). 

 13
C-NMR (75MHz) (CDCl3) ( ppm): 

 29 (C-3 − C-16), 21.13 (C-2 and C17), 13.55 (C-1 and C-18).  

HR-EI-MS: m/z:254.2980 (calculated for C18H38, 254.2973) 

3.2.3.2 TRIACONTYL PALMITATE (2) 

 

Physical data:  

State: White amorphous  

powder (25 mg) 

M.F.: C46H92O2 

M.W.: 677 

O O

1

2

3

579

11

13

16

2'4'6'8'

10'

12'

15'

17'

1'

19' 21' 23' 25'
27'

29'

30'
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IR max cm
-1

 (KBr):  

2909, 2815 (C-H), 1741 (C=O, ester), 1189 (C-O, str.), 758, 731, 719, 672.  

UV (MeOH) max (log ε) nm: 204 (3.77), 196 (3.25), 195 (2.97) 

1
H-NMR (400MHz) (CDCl3) ( ppm):  

 4.03 (2H, t, J= 6.9 Hz, H-1′), 2.25 (2H, t, J= 7.3 Hz, H-2), 1.59 (2H, br.s, H-2′), 1.23 

(80 H, H-3 − H-15, H-3′− H-29′), 0.85 (6H, t, J= 7.2 Hz, CH3-16, CH3-30′)  

13
C-NMR (100MHz) (CDCl3) ( ppm):  

 169.05 (C-1), 68.17 (C-1′), 38.77 (C-2), 30.39 (C-14 and 28′), 29 merged (C-4 − C-13, 

C-4′ − C-27′), 25.16 (C-3′), 25.94 (C-2′), 23.78 (C-3), 22.98 (C-15, C-29′), 14.01 (C-16, 

C-30′) 

HR-EI-MS: m/z:676.7105 (calculated for C46H92O2, 676.7099) 

 

3.2.3.3 HEPTATRIACONTYL BENZOATE (3) 

 

Physical data:  

State: Colourless powder(15.7 mg) 

M.F.: C44H80O2 

M.W.: 641.105 

O O (CH2)32

1

2

3

4

5

6

7 1' 3' 36'
37'

IR max cm
-1

 (KBr): 

2923 (C-H), 1724 (C=O, ester), 1619, 1479 (C=C, Ar), 1176, 1081, (C-O) 819, 706, 627. 

1
H-NMR (600MHz) (CDCl3) ( ppm): 

8.11 (2H, m, H-2 and H-6), 7.63 (2H, m, H-4), 7.47 (2H, m, H-3 and H-5), 4.15 (2H, t. 

J=6.1 Hz, H-1′), 1.62 (2H, m, H-2′), 1.36 (2H, m, H-3′), 1.22 (66H, br s, H-4′ − H-36′), 

0.86 (3H, br s, CH3-37′) 
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13
C-NMR (150MHz) (CDCl3) ( ppm): 

(C-7), (C-4),(C-1), (C-2 and C-6), (C-3 and C-5), 

(C-1′), merged(C-2′ − C-35′),  (C-36′), 14.15 (C-37′) 

HR-EI-MS: m/z:640.6165 (calculated for C44H80O2, 640.6158) 

 

3.2.3.4 1-HENTRIACONTANOL (4) 

 

Physical data:  

State: Amorphous powder (15 mg) 

M.F.: C31H64O 

M.W.: 452.839 

HO

12

4

6

10
14

16

20

24

28

31

 

IR max cm
-1

 (KBr):  

3571 (OH), 2852 (C-H str.), 1061 (C-O primary alcohol), 819 (C-C str.). 

 

1
H-NMR (600MHz) (CDCl3) ( ppm): 

 3.89 (2H, br.s, H-1), 1.55 (2H, br.s, H-2), 1.23 merged (54H, H-3 – H-30), 0.85 (3H, t, 

J=7.2 Hz,CH3-31). 

 13
C-NMR (150MHz) (CDCl3) ( ppm): 

 66.39 (C-1), 32.81 (C-2), 29 merged (C-3 – C-29), 21.52 (C-30), 13.96 (C-31). 

HR-EI-MS: m/z:452.4965 (calculated for C31H64O, 452.4957). 
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3.2.3.5 1-HEPTATRIACONTANOL (5) 

Physical data:  

State: Amorphous plates (14.5 mg) 

M.F.: C37H76O 

M.W.: 536 

HO

1

2

6

10

14

18
22

26

30

34
37

 
IR max cm

-1
 (KBr):  

3350 (OH), 2901 (C-H str.), 1062 (C-O primary alcohol), 822 (C-C str.). 

1
H-NMR (600MHz) (CDCl3) ( ppm): 

 3.58 (2H, br.s, H-1), 1.41 (2H, br.s, H-2), 1.21 merged (66H, H-3 – H-35), 1.19 (2H, 

br.s, H-36), 0.82 (3H, t, J=6.9 Hz, CH3-37). 

13
C-NMR (150MHz) (CDCl3) ( ppm): 

 63.21 (C-1), 32.82 (C-2), 25.75 (C-3), 29 merged (C-4 – C-34), 25.19 (C-35), 21.45 (C-

36), 14.08 (C-37). 

HR-EI-MS: m/z:536.5904 (calculated for C37H76O, 536.5896). 

 

3.2.3.6 14,20-DIMETHYL-1-HEPTACOSANOL (6) 

Physical data:  

State: Amorphous powder (12.8 mg) 

M.F.: C29H60O 

M.W.: 424.786 

OH 6

911

14

1618

20

23 25

27

3

1
1'

2'

IR max cm
-1

 (KBr):  

3563 (OH), 2859 (C-H str.), 1064 (C-O primary alcohol), 813 (C-C str.). 

UV (MeOH) max (log ε) nm: 205 (4.51), 200.5 (3.97) 
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1
H-NMR (400MHz) (CDCl3) ( ppm): 

 3.61 (2H, t, J=6.4 Hz, H-1), 1.60 (2H, br.s, H-2), 1.23 merged (48H, H-3 – H-26), 0.86 

(9H, t, J=6.2 Hz, CH3-27, CH3-1′ and CH3-2′). 

13
C-NMR (100MHz) (CDCl3) ( ppm): 

 63.12 (C-1), 32.85 (C-2), 29 merged (C-3 – C-25), 22.69 (C-26), 14.09 (C-27, C-1′ and 

C-2′). 

HR-EI-MS: m/z: 424.4650 (calculated for C29H60O, 424.4644). 

3.2.3.7 ICOSYL-p-HYDROXY BENZOATE (7) 

 

Physical data:  

State: White amorphous solid (13 mg) 

M.F.: C27H46O3 

M.W.: 418.6 OH

O O

4

6

7 1' 3'

6'

8'

10'
12'

15'

17'

20'

1

IR max cm
-1

 (KBr):  

3565 (OH), 1743 (C=O), 1241 (C-O). 

1
H-NMR (500MHz) (CD3OD) ( ppm): 

 7.69 (2H, d, J = 6.9 Hz, H-2 and H-6), 7.50 (2H, d, J = 6.9 Hz, H-3 and H-5), 4.21 (2H, 

t, J = 6.0 Hz, H-1′), 1.61 (2H, br.s, H-2′), 1.40 (2H, m, H-3′), 1.23 (32H, s, H-4′ − H-19′), 

0.85 (3H, t, J = 7.5 Hz, CH3-20′). 

13
C-NMR (125MHz) (CD3OD) ( ppm): 

 166.82 (C-7), 162.77 (C-4), 132.15 (C-2 and C-6), 121.19 (C-1), 115.85 (C-3 and C-5), 

65.11 (C-1′), 29-30 merged (C-2′ − C-18′), 21.41 (C-19′), 14.01 (C-20′). 

HR-EI-MS: m/z:418.3455 (calculated for C27H46O3, 418.3446). 
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3.2.3.8 β-SITOSTEROL (8) 

Physical Data  

State: Colorless needles (28 mg) 

M.F.: C29H50O 

M.W.: 414  

HO

H

H H

1

3
5

6

10

11

13

15

17

18

19

20

21

24
26

27

28
29

8

 

IR max cm
-1

 (KBr): 

3557 (OH), 3049, 1645, 810 (C=C) 

 

1
H-NMR (300MHz) (CDCl3) ( ppm):  

 5.27 (1H, m, H-6), 3.39 (1H, m, H-3), 1.42 (1H, m, H-8), 1.18 (1H, br.s, H-17), 1.01 (3H, s, 

CH3-19), 0.89 (1H, m, H-14), 0.86  (3H, d, J = 6.3 Hz, CH3-21), 0.84 (3H, d, J=6.4 Hz, CH3-

26), 0.82 (3H, d, J = 6.4 Hz, CH3-27), 0.80 (1H, d, J = 6.3 Hz, H-9), 0.75 (3H, t, J = 6.6 Hz, 

CH3-29), 0.62 (3H, s, CH3-18). 

 

13
C-NMR (75MHz) (CDCl3) ( ppm):  

 140.72 (C-5), 121.55 (C-6), 56.76 (C-14), 71.40 (C-3), 55.94 (C-17), 51.14 (C-9), 50.04 

(C-24), 42.21 (C-13), 41.92 (C-4), 40.40 (C-12), 37.14 (C-1), 36.41 (C-10), 36.04 (C-20), 

33.83 (C-22), 31.79 (C-7), 31.25 (C-8), 29.58 (C-2), 29.03 (C-23), 28.14 (C-16), 25.95 

(C-25), 24.25 (C-15), 22.95 (C-28), 21.08 (C-11), 19.68 (C-27) 19.45 (C-19), 19.26 (C-

21), 18.65 (C-26), 11.92 (C-29), 11.73 (C-18). 

HR-EI-MS: m/z: 414.3870 (calculated for C29H50O, 414.3861). 
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3.2.3.9 STIGMASTEROL (9) 

Physical data:  

State: Colourless crystalline  

solid (20.6 mg) 

M.F.: C29H48O 

M.W.: 412  

 

HO

H

H H

1

3
5

6

10

11

12

14
16

17

18

19

20

21
22

23

24
26

27

28
29

8

9

IR max cm
-1

 (KBr):  

3583 (OH), 1653 (C=C)  

UV (MeOH) max (log ε) nm: 244 (4.03) 

1
H-NMR (300MHz) (CDCl3) ( ppm):  

 5.33 (1H, d, J=4.0 Hz, H-6), 5.13 (1H, dd, J=16.0, 8.8Hz, H-22), 4.99 (1H, dd, J=16.0, 

8.8Hz, H-23), 3.50 (1H, quint, J=4.0 Hz, H-3), 0.91 (3H, d, J= 6.4Hz, CH3-21), 0.99 (3H, 

s, CH3-19), 0.89 (3H, d, J= 6.4Hz, CH3-26), 0.80 (3H, t, J= 7.6Hz, CH3-29), 0.76 (3H, d, 

J= 6.8Hz, CH3-27), 0.66 (3H, s, CH3-18).  

 

13
C-NMR (75MHz) (CDCl3) ( ppm):  

 140.80 (C-5), 138.30 (C-22), 129.34 (C-23), 121.71 (C-6), 71.15 (C-3), 56.91 (C-14), 

56.02 (C-17), 51.26 (C-24), 50.20 (C-9), 45.91 (C-13), 42.36 (C-4), 40.46 (C-20), 39.72 

(C-12), 37.29 (C-1), 36.54 (C-10), 36.16 (C-8), 34.00 (C-25), 31.94 (C-7), 31.72 (C-2), 

28.90 (C-16), 25.40 (C-28), 24.35 (C-15), 21.22 (C-27), 21.11 (C-21), 19.81 (C-11), 

19.40 (C-19), 19.06 (C-26), 12.22 (C-18), 12.06 (C-29).  

 

HR-EI-MS: m/z:412.3712 (calculated for C29H48O, 412.3705). 
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3.2.3.10 12-OLEANENE-3-OL (β- Amyrin) (10)

 

Physical Data  

State: White flakes (22 mg) 

M.F.: C30H50O  

M.W.: 426  

 

HO

H

H3C CH3

CH3

H

H CH3

H3C

CH3 H CH3

CH3

H

1

3 5

8

9

10

12

14 16

18

20

22

23

25 26

27

28

29
30

7

24

IR max cm
-1

 (KBr):  

3553 (OH), 3039, 1625 and 815 (C=C). 

 

 

1
H-NMR (400MHz) (CDCl3) ( ppm):  

 5.16 (1H, t, J = 4.0 Hz, H-12), 3.20 (1H, dd, J = 12.0, 4.0 Hz, H-3), 1.97 (1H, m, H-18), 

1.52 (1H, br.s, H-9), 1.23 (3H, s, CH3-24), 1.11 (3H, s, CH3-27), 0.97 (3H, s, CH3-26), 

0.95 (3H, s, CH3-23), 0.92 (3H, s, CH3-25), 0.85 (6H, s, CH3-29 and CH3-30), 0.77 (3H, 

s, CH3-28).  

 

13
C-NMR (100MHz) (CDCl3) ( ppm):  

 145.21 (C-13), 121.77 (C-12), 79.06 (C-3), 55.24 (C-5), 47.69 (C-9), 47.29 (C-18), 

46.88 (C-19), 41.77 (C-14), 39.85 (C-22), 40.94 (C-8), 38.80 (C-4), 37.18 (C-1), 36.99 

(C-10), 34.78 (C-17), 33.33 (C-29), 32.71 (C-7), 32.52 (C-21), 31.09 (C-20), 28.41 (C-

23), 28.12 (C-28), 27.29 (C-2), 26.99 (C-16), 26.20 (C-15), 26.00 (C-27), 23.71 (C-11), 

23.56 (C-30), 18.41 (C-6), 16.84 (C-26), 15.58 (C-25), 15.50 (C-24). 

HR-EI-MS: m/z:426.3870 (calculated for C30H50O, 426.3861). 
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3.2.3.11 MUPINENSISONE (11) 

 

Physical Data  

State: White amorphous solid (26 mg) 

M.F.: C30H48O2 

M.W.: 440 
1

3
4

5 7

8

9

10

25

23 24

11

13
26

14 16

17
18

20

22

28

29 30

27

CH3

H3C CH3

CH3 CH3 CH3

H

H

CH3

H

HO

O

IR max cm
-1

 (KBr):  

3374 (OH),1708 (C=O), 1630 (C=C) 

 

 

1
H-NMR (400MHz) (CD3OD+CDCl3) ( ppm):  

5.20 (1H, t, J = 4.0 Hz, H-12), 3.54 (2H, br.s, H-29), 2.50 (1H, dt, J = 7.3, 15.2 Hz, Ha-

2), 2.31 (1H, dt, J = 7.5, 15.2 Hz, Hb-2), 1.08 (3H, s, CH3-27), 1.03 (3H, s, CH3-24), 1.01 

(3H, s, CH3-25), 0.99 (3H, s, CH3-23), 0.96 (3H, s, CH3-26), 0.81 (3H, s, CH3-28), 0.78 

(3H, s, CH3-30). 

 

13
C-NMR (100MHz) (CD3OD+CDCl3) ( ppm): 

215.5 (C-3), 145.2 (C-13), 124.4 (C-12), 62.8 (C-29), 55.2 (C-5), 47.4 (C-4), 47.3 (C-

18), 46.8 (C-9), 46.7 (C-19), 41.8 (C-14), 39.7 (C-8), 39.2 (C-1), 37.0 (C-22), 36.6 (C-

10), 34.6 (C-2), 34.1 (C-21), 33.2 (C-30), 32.4 (C-17), 31.8 (C-7), 31.3 (C-20), 28.3 (C-

28),  26.8 (C-16), 26.4 (C-27), 25.7 (C-24), 25.6 (C-15), 23.6 (C-11), 21.4 (C-23), 19.5 

(C-6), 16.3 (C-26), 15.1 (C-25). 

HR-EI-MS: m/z:440.3660 (calculated for C30H48O2, 440.3654). 
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3.2.3.12 7-HYDROXY-5-METHOXYFLAVANONE (ALPINETIN) (12)

 

Physical Data  

State: Colourless needle-shaped  

crystals (25 mg) 

M.F.: C16H14O4 

M.W.: 270 

O

OOCH3

HO

2

345

7 9

1'

3'

5'

1''

 

IR max cm
-1

 (KBr):  

3525 (OH), 1711 (C=O), 1091 (C-O-C). 

 

1
H-NMR (600MHz) (CD3OD) ( ppm): 

 7.35 (5H, m, H-2′, H-3′, H-4′, H-5′, H-6′), 6.08 (1H,d, J = 2.1 Hz, H-8), 6.03 (1H, d, J = 

2.1 Hz, H-6), 5.38 (1H, dd, J = 12.6, 3.0 Hz, H-2), 3.81 (3H, s, CH3-1′′), 2.92 (1H, dd, J 

= 12.6, 17.2 Hz, Ha-3), 2.67 (1H, dd, J = 17.2, 3.0 Hz, Hb-3). 

 

13
C-NMR (150MHz) (CDCl3) ( ppm): 

 191.73 (C-4), 167.02 (C-7), 166.55 (C-5), 164.27 (C-9), 140.59 (C-1′), 129.49 (C-3′), 

129.49 (C-4′), 129.49 (C-5′), 127.24 (C-2′), 127.24 (C-6′), 107.11 (C-10), 97.10 (C-6), 

94.26 (C-8), 80.15 (C-2), 56.19 (C-1′′), 46.45 (C-3). 

HR-EI-MS: m/z:270.1800 (calculated for C16H14O4, 270.0892). 
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3.2.3.13 5-HYDROXY-7-METHOXYFLAVANONE (PINOSTROBIN) 

(13)

Physical Data  

State: Colourless crystals (26.5 mg) 

M.F.: C16H14O4 

M.W.: 270 

O

OOH

O

2

345

7 9

1'

3'

5'1''
H3C

IR max cm
-1

 (KBr):  

3521 (OH), 1709 (C=O), 1097 (C-O-C). 

UV (MeOH) max (log ε) nm: 288 (4.23) 

 

1
H-NMR (300MHz) (CDCl3) ( ppm): 

 7.30 (5H, m, H-2′, H-3′, H-4′, H-5′, H-6′),  5.97 (1H, d, J = 1.8 Hz, H-6), 5.95 (1H, d, J 

= 1.8 Hz, H-8), 5.28 (1H, dd, J = 13.2, 3.0 Hz, H-2), 3.47 (3H, s, CH3-1′′), 2.90 (1H, dd, 

J = 13.2, 16.9 Hz, Ha-3), 2.66 (1H, dd, J = 16.9, 3.0 Hz, Hb-3). 

 

13
C-NMR (75MHz) (CDCl3) ( ppm): 

 192.71 (C-4), 167.62 (C-5), 162.73 (C-7), 164.82 (C-9), 138.69 (C-1′), 128.55 (C-3′), 

128.55 (C-4′), 128.55 (C-5′), 125.94 (C-2′), 125.94 (C-6′), 102.45 (C-10), 96.11 (C-6), 

93.26 (C-8), 78.78 (C-2), 55.60 (C-1′′), 45.29 (C-3). 

 

HR-EI-MS: m/z:270.1800 (calculated for C16H14O4, 270.0892). 
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3.2.3.14 3-OXOLEANE-9(11), 12-DIENE-30-OIC ACID (14) 

Physical data:  

State: Colourless powder (26.5 mg) 

M.F.: C30H44O3 

M.W.:452.669 

O

H

COOH

H
1

3 5 7

9
10

11
13

15

17

19
21

22

23 24

25 26

27

28

29 30

IR max cm
-1 

(KBr): 

3299 (OH), 1705(C=O), 1647 (C=C) cm
-1

 

UV (MeOH) max (log ε) nm: 210 (3.97), 235 (2.84) 

 

1
H-NMR (300MHz) (CD3OD) ( ppm):  

 5.94 (2H, br.s, H-11 and H-12), 2.05 (1H, m, H-18), 1.57 (1H, br.s, H-5), 1.27 (3H, s, 

H3-27), 1.24 (3H, s, H3-29), 1.19 (3H, s, H3-26), 1.18 (3H, s, H3-23), 1.01 (3H, s, H3-24), 

0.95 (3H, s, H3-25), 0.88 (3H, s, H3-28).  

 

13
C-NMR (75MHz) (CD3OD) ( ppm):  

 203.38 (C-3), 176.11 (C-30), 153.15 (C-9), 146.25 (C-13), 121.91 (C-12), 118.96 (C-

11), 52.11 (C-5), 48.15 (C-18), 43.49 (C-14), 41.12 (C-8), 48.15 (C-4), 43.34 (C-20), 

42.31 (C-1), 38.71 (C-22), 37.52 (C-19), 33.25 (C-10), 33.23 (C-21), 33.21 (C-2), 30.93 

(C-17), 30.76 (C-29), 30.63 (C-7), 29.61 (C-28), 27.51 (C-16), 26.81 (C-23), 25.64 (C-

15), 25.20 (C-27), 20.92 (C-24), 20.61 (C-26), 20.10 (C-6), 19.85 (C-25). 

HR-EI-MS: m/z:452.3299 (calculated for C30H44O3, 452.3290). 
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3.2.3.15 4′,5,6-TRIHYDROXY-7-METHOXY FLAVONE (15) 

 

Physical data:  

State: White amorphous solid (21.5 mg) 

M.F.: C16H12O6 

M.W.: 300 

 

O

OOH

OH

2

3
4

5

6

7

8

9

10

1'

2'

3'

4'

5'

6'

1''
H3CO

HO

IR max cm
-1

 (KBr):  

3562 (OH), 1742 (C=O), 1645 (C=C), 1095 (C-O-C). 

UV (MeOH) max (log ε) nm: 335 (3.12), 202 (3.61) 

 

1
H-NMR (400MHz) (CD3OD) ( ppm): 

 7.88 (2H, d, J = 8.2 Hz, H-3′and H-5′), 7.01 (1H, s, H-8), 6.93 (2H, d, J = 8.4 Hz, H-

2′and H-6′), 6.39 (1H, s, H-3), 3.79 (3H, s, H3-1′′). 

 

13
C-NMR (100MHz) (CD3OD) ( ppm): 

 180.42 (C-4), 162.95 (C-2), 160.89 (C-4′), 159.11 (C-9), 131.13 (C-7), 154.99 (C-5), 

158.77  (C-6), 127.95 (C-2′ and C-6′), 120.98 (C-1′), 115.68 (C-3′ and C-5′), 106.15 (C-

10), 103.92 (C-3), 95.88 (C-8), 59.77 (C-1′′). 

 

HR-EI-MS: m/z:300.0642 (calculated for C16H12O6, 300.0633). 
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3.2.3.16 2′,4′,5,7-TETRAHYDROXY ISOFLAVONE (16) 

Physical data:  

State: White crystalline solid (19.5 mg) 

M.F.: C15H10O6 

M.W.: 286.236 

 

O

OOH

HO

2

4

5

6

7

8

9

10

1'

2'
3'

4'

5'

6'

3

OH

OH

IR max cm
-1

 (KBr):  

3556 (OH), 1748 (C=O), 1643 (C=C). 

UV (MeOH) max (log ε) nm: 209 (3.17), 262 (3.61), 288 (3.91) 

 

1
H-NMR (400MHz) (CD3OD) ( ppm): 

 7.88 (1H, s, H-2), 6.93 (1H, d, J = 8.4 Hz, H-6′), 6.37 (1H, d, J = 2.1 Hz, H-3′), 6.36 

(1H, d, J = 2.8 Hz, H-8), 6.32 (1H, d, J = 2.8 Hz, H-6), 6.25 (1H, dd, J = 8.4, 2.1 Hz, H-

5′). 

 

13
C-NMR (100MHz) (CD3OD) ( ppm): 

 178.45 (C-4), 164.74 (C-7), 162.98 (C-5), 160.67 (C-4′), 158.31 (C-9), 156.41 (C-2′), 

154.96 (C-2), 127.53 (C-6′), 121.85 (C-3), 114.36 (C-1′), 107.75 (C-5′), 106.57 (C-10), 

105.28 (C-3′), 99.71 (C-6), 94.32 (C-8). 

 

HR-EI-MS: m/z:286.0487 (calculated for C15H10O6, 286.0477). 
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Crystal data 

 

C15H10O6.H2O Z = 4 

Mr = 304.25 Dx = 1.540 Mg m
-3

 

Monoclinic, P21/a Mo K radiation 

a = 13.3576 (12) Å Cell parameters from 1228 reflections 

b = 7.2087 (7) Å  = 3.0–20.3° 

c = 13.6789 (12) Å  = 0.12 mm
-1

 

 = 95.010 (3)° T = 296 (2) K 

V = 1312.1 (2) Å
3
 Prism, colourless 

 

 

 

Data collection 

 

Bruker APEX-II diffractomer max = 28.6° 

 or  oscillation scans h = -1717 

Absorption correction: none k = -99 

12256 measured reflections l = -1718 

3280 independent reflections  

1382 reflections with I > 2(I)  

Rint = 0.105  

 

 

Refinement 

 

Refinement on F
2
 Mixture of independent and constrained 

H-atom refinement 

R[F
2
 > 2(F

2
)] = 0.055 Calculated weights   w = 1/[

2
(Fo

2
) + 

(0.0483P)
2
]         where P = (Fo

2
 + 

2Fc
2
)/3 

wR(F
2
) = 0.129 (/)max <0.0001 

S = 0.92 max = 0.20 e Å-1 

3280 reflections min = -0.17 e Å
-1

 

221 parameters Extinction correction: none 
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3.2.3.17 β-SITOSTEROL GLUCOPYRANOSIDE (17) 

Physical data:  

State: White amorphous solid (22.9) 

M.F.: C35H60O6 

M.W.: 576.847 

 

H

H H

1

3
5

6

10

11

13

15

17

18

19

20

21

23

24
26

27

28
29

8

O

H

HO

H

HO

H

H

OHH
O

OH

IR max cm
-1

 (KBr):  

3551 (OH), 1652 (C=C), 1085 (C-O-C). 

 

1
H-NMR (400MHz) (CD3OD) ( ppm):  

 5.28 (1H, t, J = 5.2 Hz, H-6), 5.12 (1H, d, J=7.4 Hz, H-1′), 4.35 (1H, m, Ha-6′), 4.22 (1H, 

m, Hb-6′), 3.75 (1H, m, H-5′), 3.48 (1H, m, H-3′), 3.37 (1H, m, H-3), 3.36 (1H, m, H-2′), 

3.19 (1H, m, H-4′), 1.44 (1H, m, H-8), 1.17 (1H, br.s, H-17), 0.93 (3H, s, CH3-19), 0.83 (3H, 

d, J = 6.4 Hz, CH3-21), 0.81 (3H, d, J=6.3 Hz, CH3-26). 0.78 (3H, d, J = 6.3 Hz, CH3-27), 

0.77 (1H, br.s, H-9), 0.74 (3H, br.s, CH3-29), 0.62 (3H, s, CH3-18). 

 

13
C-NMR (100MHz) (CD3OD) ( ppm):  

 140.10 (C-5), 122.03 (C-6), 101.03 (C-1′), 79.09 (C-2′), 77.32 (C-5′), 77.00 (C-3′), 

70.05 (C-4′),70.02 (C-3), 61.84 (C-6′), 56.72 (C-14), 55.93 (C-17), 51.13 (C-9), 50.04 

(C-24), 42.20 (C-13), 42.15 (C-4), 40.38 (C-12), 37.11 (C-1), 36.59 (C-10), 36.02 (C-20), 

33.83 (C-22), 31.75 (C-7), 31.25 (C-8), 29.51 (C-2), 29.51 (C-23), 28.11 (C-16), 25.92 

(C-25), 24.16 (C-15), 22.93 (C-28), 20.92 (C-11), 19.23 (C-27) 19.65 (C-19), 18.86 (C-

21), 18.60 (C-26), 11.71 (C-29), 11.64 (C-18). 

 

HR-FAB-MS [M+H]
 +

, m/z:577.4480 (calculated for C35H61O6, 577.4468). 
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3.2.3.18 4′,5,7-TRIHYDROXYFLAVANONE-7-

RHAMNOGLUCOSIDE. (NARINGIN). (18) 

Physical data:  

State: White amorphous solid (1.6 g) 

 M.F.: C27H32O14 

M.W.: 580.5 

O

OOH

O

OH

HO
O

HO

O

OH

H3C O

HO
OH

OH

2

5

1'

4'

1''

3''

5''
6''

3'''

5'''
6'''

7

10

9

4
1'''

4'''
2'''

 

IR max cm
-1

 (KBr):  

3558 (OH), 1704 (C=O), 1087 (C-O-C). 

UV (MeOH) max (log ε) nm: 282 (2.41) 

1
H-NMR (400MHz) (CD3OD) ( ppm): 

 7.28 (d, J = 8.4 Hz, 2H, H-2′and H-6′), 6.79 (d, J = 8.5 Hz, 2H, H-3′and H-5′), 6.16 (d, 

J = 2.1 Hz, 1H, H-8), 6.14 (d, J = 2.1 Hz, 1H, H-6), 5.33 (dd, J = 2.7, 12.9 Hz, 1H, H-2), 

5.24 (d, J = 1.2 Hz, 1H, H-1′′′), 5.06 (d, J = 7.2 Hz, 1H, H-1′′), 4.29 (m, 1H, Ha-6′′), 4.18 

(m, 1H, Hb-6′′), 3.92 (m, 1H, H-5′′′), 3.80 (m, 1H, H-5′′), 3.43 (m, 1H, H-3′′), 3.34 (m, 

1H, H-3′′′), 3.32 (m, 1H, H-2′′′), 3.30 (m, 1H, H-2′′), 3.27 (m, 1H, H-4′′′), 3.16 (dd, J = 

17.1, 12.9 Hz, 1H, Ha-3), 3.13 (m, 1H, H-4′′), 2.72 (dd, J = 17.1, 2.7 Hz, 1H, Hb-3), 1.27 

(d, J = 6.3, 3H, CH3-6′′′). 

13
C-NMR (100MHz) (CD3OD) ( ppm): 

 198.51 (C-4), 166.58 (C-7), 164.98 (C-5), 164.61 (C-9), 159.07 (C-4′), 130.84 (C-1′), 

129.10 (C-2′ and C-6′), 116.35 (C-3′ and C-5′), 104.90 (C-10), 102.56 (C-1′′), 99.41 (C-

1′′′), 97.85 (C-6), 96.77 (C-8), 80.70 (C-2), 79.04 (C-2′′), 78.95 (C-5′′), 78.11 (C-3′′), 

73.92 (C-4′′′), 72.17 (C-2′′′ and C-3′′′), 71.24 (C-4′′), 69.98 (C-5′′′), 62.27 (C-6′′), 44.14 

(C-3), 18.21 (C-6′′′). 

HR-FAB-MS [M+H]
+
, m/z:581.1885 (calculated for C27H33O14, 581.1870). 
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3.3 PHYTOCHEMICAL INVESTIGATIONS ON COLEBROOKIA 

OPPOSITIFOLIA 

 

3.3.1 Plant Material 

The plant Colebrookia oppositifolia Smith was collected from the hills of Kotli, which is 

a district of Azad Kashmir (Pakistan), in 2009, in the month of June. Mr. Muhammad 

Ajaib identified the plant who is taxonomist of botany department of the GC University, 

Lahore. Voucher number of the specimen, GC. Herb. Bot. 622 has been submitted to the 

herbarium of GC University. 

 

3.3.2 Extraction, Fractionation and Isolation 

The whole plant material (17 kg) was dried under the shade and then ground to fine 

powder. The dried powder was soaked in methanol at room temperature and its 

methanolic extract was obtained (20L × 4). Evaporation of the methanolic extract was 

done under vacuum on rotavapour to yield the residue (1026 g). This residue was then 

dissolved in the distilled water (2 L), and then was subjected to solvent extraction and 

partitioned first of all with n-hexane (1 L × 4), then with the chloroform (1 L × 4), after 

this with the ethyl acetate (1 L × 4) and at the end with n-butanol (1 L × 4). These four 

organic fractions, as well as the remaining aqueous fraction were subjected to rotavapour 

and concentrated separately under vacuum. The yields of n-hexane, chloroform, ethyl 

acetate, n-butanol and remaining aqueous fractions were 201g, 148g 124g, 285g and 

268g respectively. 

The chloroform soluble fraction (148 g) was subjected to a silica gel column (70-230 

mesh) column chromatography (CC) using as solvent system a gradient of n-hexane and 

CHCl3 (n-hexane:CHCl3, 98:2, 95:5, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30: 70, 

20:80, 10:90, 0:100) (5000 ml for each gradient) and followed by acetone up to 100 %. 

Eight fractions (fraction 1-8) were collected, having the elution volumes as 3500 ml, 

4400 ml, 3450 ml, 3650 ml, 3550 ml, 4100 ml, 2700 ml and 3400 ml respectively. 
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Fraction 2 (4400 ml) was subjected to CC and eluted with n-hexane:CHCl3 (75:25) 

(1000ml) to get purified 23 (16 mg). Fraction 4 (3650 ml) was loaded on silica gel and 

eluted with n-hexane:CHCl3 (60:40) with elution volume 950 ml to afford 19 (25 mg). 

Fraction 5 (3550 ml) was loaded on CC and eluted with n-hexane:CHCl3 (50:50) (4000 

ml) isolate purified 24 (23.5 mg). Fraction 6 (4100 ml) was loaded on CC and eluted with 

n-hexane:CHCl3 (40:60) with elution volume of 3000 ml and as a result purified 20 (22.5 

mg) was obtained.  

 

The ethyl acetate soluble fraction (124 g) was loaded on column chromatography over 

silica gel (70-230 mesh) using n-hexane with gradient of CHCl3 (from 50:50, 30: 70, 

20:80, 10:90, 0:100) (5000 ml for each gradient) and followed by acetone and then 

methanol up to 100 %. Twelve fractions (fraction 1-12) were collected, having elution 

volumes as 3200 ml, 4600 ml, 4250 ml, 3900 ml, 4150 ml, 3700 ml, 3500 ml, 3600 ml, 

4000 ml, 4100 ml, 3550 ml, and 4350 ml respectively. CC was performed with fraction 2 

(4600 ml) of first column, eluted at n-hexane:acetone (60:40) to isolate 25 (25.5mg). 

Fraction 3 from the first column (4250 ml) isolated 21 (26 mg) when it was subjected to 

CC and eluted with n-CHCl3:acetone (90:10) (1100 ml). Fraction 5 (4150 ml) was loaded 

on the silica gel and eluted with CHCl3:acetone (80:20) (950 ml) to obtain purified 26 

(20.5 mg).  Fraction 6 (3700 ml) was subjected to CC and eluted with acetone:CHCl3 

(30:70) having the elution volume 900 ml and as a result purified 22 (24.5 mg) was 

obtained. Fraction 8 (3600 ml) was loaded on the silica gel and eluted with 

CHCl3:acetone (60:40) (1000 ml) to isolate 27 (24 mg). Compound 28 (22 mg) was 

isolated in purified form from the fraction 9 (4000 ml) when it was subjected to CC and 

eluted with CHCl3:acetone (40:60) having elution volume 1100 ml. CC was performed 

on fraction 10 (4100 ml), eluted with CHCl3:acetone:MeOH (20:79:1) having 1000 ml 

elution volume to isolate 29 (22 mg). 
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(Scheme 3.4) Extraction and Isolation Scheme of Colebrookia 

oppositifolia 

 

Methanolic extract of Colebrookia oppositifolia

(1026 g)

  CHCl3
   148 g

n-Hexane
   201 g

  EtOAc
   124 g

  n-BuOH
   285 g

     CC, Hex.

CHCl3. Acet.
     CC, Hex.

CHCl3. Meth.

1-Pentacosanol (19)
Stigmast-7-ene-3-ol (20)
Triacontane (23)
1-Triacontanol (24)

p-Hydroxy benzoic acid (21)
Ursolic acid (22)
Betulonic acid (25)
Negletein (26)
5,2',6'-Trihydroxy-7-methoxy 
flavone (27)
Quercetin (28)
5,7,2'-Trihydroxyflavone-2'-O-
glucopyranoside (29)
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(Scheme 3.5) ISOLATION SCHEME OF CHLOROFORM 

FRACTION OF COLEBROOKIA OPPOSITIFOLIA 

 

CC n-Hexane:Acetone (100:0-0:100)

Fr.3Fr.1 Fr.2 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8

Triacontane

Stigmast-7-ene-3-ol (20)

1-Triacontanol

CC

CHCl3:Hex

    (40:60)

CC

Chloroform Fraction

CHCl3:Hex

    (25:75)

CC

 (23)
CHCl3:Hex

    (60:40)

(24)

CC

CHCl3:Hex

    (50:50)

1-Pentacosanol (19)

CC=Column chromatography 
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(Scheme 3.6) ISOLATION SCHEME OF ETHYL ACETATE 

FRACTION OF COLEBROOKIA OPPOSITIFOLIA 

 

CC CHCl3:CH3OH(100:0-0:100)

Fr.2

Ethyl Acetate Fraction

Hex: Acetone
    (60:40)

CHCl3:Acetone

      (80:20)

5,7,2'-Trihydroxyflavone-
2'-O-glucopyranoside (29)

CCCC CC

Fr.1 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9 Fr.10 Fr.11 Fr.12

Negletein (26) 5,2',6'-Trihydroxy-
7-methoxy flavone (27)

Betulonic acid (25)

Quercetin (28)

CC

CHCl3:Acetone

      (90:10)

4-Hydroxy
benzoic acid (21)

CHCl3:Acetone

      (60:40)

CHCl3:Acetone

      (70:30)

Ursolic acid (22)

CC

CHCl3:Acetone

      (40:60)

CHCl3:Acetone:MeOH

          (20:79:1)

CCCC

 
CC=Column chromatography 
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3.3.3 CHARACTERIZATION OF THE CHEMICAL 

CONSTITUENTS OF COLEBROOKIA OPPOSITIFOLIA 

 

3.3.3.1 1-PENTACOSANOL (19) 

 

Physical data:  

State: Colourless powder (25 mg) 

M.F.: C25H52O 

M.W.: 368.680 

OH

13

5

8 10

12

14

16

19

22

25

IR max cm
-1

 (KBr):  

3532 (OH), 2824 (C-H str.), 1041 (C-O primary alcohol), 812 (C-C str.). 

 

1
H-NMR (500MHz) (CDCl3) ( ppm): 

 3.71 (2H, t, J=6.5 Hz, H-1), 1.56 (2H, br.s, H-2), 1.25 merged (H-3 – H-24), 0.84 (3H, t, 

J=6.4 Hz, CH3-25). 

 

13
C-NMR (125MHz) (CDCl3) ( ppm): 

 67.51 (C-1), 30.87 (C-2), 29 merged (C-3 – C-23), 21.69 (C-24), 14.56 (C-25). 

EI-MS: m/z 368 
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3.3.3.2 STIGMAST-7-ENE-3β-OL (20) 

Physical data:  

State: Colourless amorphous  

powder (22.5) 

M.W.: 414.707 

M.F.: C29H50O HO

H H

6

11

13

15

17

18
20

21

24
26

27

28
29

8

H H

19

1

3

4

10

IR max cm
-1

 (KBr):  

3574 (OH), 1641 (C=C)  

 

1
H-NMR (600MHz) (CDCl3) ( ppm):  

 5.35 (1H, br.s, H-7), 3.57 (1H, m, H-3), 0.93 (3H, d, J= 6.6Hz, CH3-21), 0.89 (3H, t, J= 

7.7 Hz, CH3-29), 0.86 (3H, d, J= 7.2Hz, CH3-26), 0.82 (3H, s, CH3-19), 0.71 (3H, d, J= 

6.7Hz, CH3-27) and 0.61 (3H, s, CH3-18).  

 

13
C-NMR (150MHz) (CDCl3) ( ppm): 

 122.75 (C-8), 102.47 (C-7), 71.70 (C-3), 58.16 (C-17), 51.73 (C-14), 49.42 (C-9), 47.29 

(C-24), 43.12 (C-13), 41.13 (C-5), 39.73 (C-12), 37.39 (C-4), 37.39 (C-20), 37.39 (C-1), 

35.11 (C-10), 34.76 (C-22), 30.71 (C-2), 29.31 (C-6), 28.91 (C-25), 28.95 (C-16), 25.29 

(C-23), 24.16 (C-28), 22.16 (C-11), 22.14 (C-15), 20.54 (C-26), 19.83 (C-21), 19.32 (C-

19), 18.34 (C-27), 12.33 (C-18), 12.41 (C-29).  

EI-MS: m/z 414 
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3.3.3.3 p-HYDROXYBENZOIC ACID (21) 

Physical Data: 

State: White crystalline solid (26 mg) 

M.F.: C7H6O3 

M.W.: 138 
OH

O OH

1

7

5 3

4

IR max cm
-1

 (KBr): 3511, 3320-2710, 1705; 

UV (CHCl3). max (log ε) nm: 311 (3.8), 290 (4.06), 218 (3.9). 

1
H-NMR (400MHz) (CDCl3) ( ppm): 

 8.01 (1H, d, J=8.7 Hz, H-2 and 6), 6.88 (1H, d, J =8.7 Hz, H-3 and 5). 

13
C-NMR (100MHz) (CDCl3) ( ppm): 

 180.0 (C-7), 160.3 (C-4), 131.5 (C-2 and 6), 122.4 (C-1), 115.8 (C-3 and 5). 

HR-EI-MS: m/z:138.0306 (calculated for C7H6O3, 138.0309). 

 

3.3.3.4 URSOLIC ACID (22) 

 

Physical Data  

State: Colourless needles (24.5 mg) 

M.F.: C30H48O3 

M.W.: 456 

H3C CH3

CH3 CH3 COOH

H

CH3

H

HO

1

3
4

5 7

8
9

10

25

23 24

11
13

26

14 16

17
18

20

22

28

29

30

27

CH3

H3C

IR (KBr) max cm
-1

: 

3510, 3050, 1697, 1635, 820 
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1
H-NMR (400MHz) (CDCl3) ( ppm): 

 5.11 (1H, m, H-12), 3.19 (1H, dd, J= 10.0, 4.5 Hz, H-3), 1.20 (3H, s, CH3-27), 1.07 

(3H, s, CH3-23), 0.94 (3H, s, CH3-25), 0.91 (3H, d, J = 6.6 Hz, CH3-30), 0.86 (3H, s, 

CH3-26), 0.81 (3H, s, CH3-24), 0.80 (3H, d, J = 6.8 Hz, CH3-29) 

13
C-NMR (100MHz) (CDCl3) ( ppm): 

 176.2 (C-28), 138.7 (C-13), 125.8 (C-12), 79.1 (C-3), 55.2 (C-18), 52.4 (C-5), 47.9 (C-

17), 47.4 (C-9), 42.0 (C-14), 39.6 (C-8), 38.5 (C-1), 37.0 (C-22), 37.1 (C-10), 33.2 (C-7), 

30.5 (C-19), 30.3 (C-20), 29.4 (C-15), 27.5 (C-21), 24.5 (C-27), 27.4 (C-2), 24.0 (C-23, 

C-30), 23.9 (C-11), 23.5 (C-16), 22.4 (C-29), 18.3 (C-6), 17.2 (C-26), 15.9 (C-25), 14.4 

(C-24) 

 

HR-EI-MS: m/z 456.3599 (calculated for C30H48O3, 456.3603). 

3.3.3.5 TRIACONTANE (23) 

Physical data:  

State: White amorphous solid (16 mg) 

M.F.: C30H62 

M.W.: 422 

1 3 5 7 9

11
141618

20

22 24 26 28 30

IR max cm
-1

 (KBr):  

2864 (C-H str.), 1412 (CH3), 811 (C-C str.). 

1
H-NMR (400MHz) (CDCl3) ( ppm): 

 1.22 (56H, s, H-2 − H-29), 0.83 (6H, t, J = 6.9 Hz, CH3-1 and CH3-30). 

 13
C-NMR (100MHz) (CDCl3) ( ppm): 

 29 (C-3 − C-28), 23.04 (C-2 and C-29), 14.11 (C-1 and C-30).  

EI-MS: m/z 422 
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3.3.3.6 TRIACONTANOL (24) 

 

Physical data:  

State: Colourless powder (23.5 mg) 

M.F.: C30H62O 

M.W.: 438.8 

 

HO

1
2

4

6

10
14

16

20

24

28
30

IR max cm
-1

 (KBr):  

3576 (OH), 2848 (C-H str.), 1054 (C-O primary alcohol), 816 (C-C str.). 

1
H-NMR (500MHz) (CDCl3) ( ppm): 

 3.86 (2H, br.s, H-1), 1.52 (2H, br.s, H-2), 1.20 merged (H-3 – H-29), 0.82 (3H, t, J=7.1 

Hz, CH3-30). 

 13
C-NMR (125MHz) (CDCl3) ( ppm): 

 63.36 (C-1), 30.78 (C-2), 28 merged (C-3 – C-28), 20.51 (C-29), 14.29 (C-30). 

EI-MS: m/z 438 

3.3.3.7 BETULONIC ACID (25) 

Physical data:  

State: Colourless powder (25.5 mg) 

M.F.: C30H46O3 

M.W.: 454.684 
O

COOH

1

4

6

810

11 13

17

19

21

15

3

22 23

24 25

26

27

28

29

30

IR max cm
-1

 (KBr):  

1710 (C=O), 2976 (O-H), 1645 (C=C), 813 (C-C str.) cm
-1
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1
H-NMR (600MHz) (CDCl3) ( ppm): 

 4.54, 4.75 (each 1H, br.s, CH2-29), 2.89 (1H, td, J = 10.6, 4.2 Hz, H-19), 2.41 (2H, m, 

H-2), 1.62 (3H, s, CH3-30), 1.08 (3H, s, CH3-22), 1.01(3H, s, CH3-26), 0.94 (3H, s, CH3-

24), 0.92 (3H, s, CH3-25), 0.87 (3H, s, CH3-23). 

 

 13
C-NMR (150MHz) (CDCl3) ( ppm): 

 218.03 (C-3), 179.06 (C-28), 145.91 (C-27), 106.47 (C-29), 56.26 (C-17, 53.97 (C-5), 

49.62 (C-9), 48.99 (C-18), 47.26 (C-4), 45.97 (C-19), 42.11 (C-14), 40.51 (C-8), 38.74 (C-

13), 36.64 (C-21), 36.38 (C-10), 34.09 (C-2), 33.41 (C-7), 32.84 (C-16), 29.86 (C-20), 

29.49 (C-1), 29.47 (C-15), 25.23 (C-12), 25.13 (C-22), 23.01 (C-23), 21.98 (C-11), 19.43 

(C-6), 18.29 (C-30), 15.97 (C-25), 15.56 (C-24), 13.88 (C-26). 

EI-MS: m/z 454 

 

3.3.3.8 5,6-DIHYDROXY-7-METHOXY FLAVONE (NEGLETEIN) 

(26) 

 

 

Physical data:  

State: Orange pellets (20.5 mg) 

M.W.: 284.263 

M.F.: C16H12O5 

O

OOH

2

45
6

7 9

10

1'

3'

5'

1''

HO

H3CO

IR max cm
-1

 (KBr) 3476 (OH), 1731 (C=O), 1629 (C=C). 

1
H-NMR (600MHz) (CD3OD) ( ppm): 

 7.91 (2H, dd, J = 1.7, 8.1 Hz, H-2′ and H-6′), 7.35 (3H, br.s, H-3′, H-4′ and H-5′), 6.81 

(1H, s, H-3), 6.59 (1H, s, H-8), 3.85 (3H, s, H3-1′′). 
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13
C-NMR (150MHz) (CD3OD) ( ppm): 

 182.41 (C-4), 163.14 (C-2), 153.98 (C-7), 148.57 (C-5), 145.66 (C-9), 132.54 (C-6), 

131.63 (C-4′), 130.14 (C-1′), 129.02 (C-3′), 128.81 (C-5′), 126.28 (C-2′), 125.99 (C-6′), 

105.43 (C-10), 103.68 (C-3), 91.39 (C-8). 

EI-MS: m/z 284 

 

3.3.3.9 5,2′,6′-TRIHYDROXY-7-METHOXY FLAVONE (27) 

Physical data:  

State: Pale yellow 

 Needles (24 mg) 

M.F.: C16H12O6 

M.W.: 300.263 

O

OOH

H3CO

2

45

7 9

10

1'

2'

6'

1''

HO

OH

 

 

 

 

IR max cm
-1

 (KBr): 

416 (OH), 1691 (C=O), 1609 (C=C). 

 

1
H-NMR (600MHz) (CD3OD) ( ppm):  

 7.18 (1H, t, J = 8.1 Hz, H-4′), 6.71 (1H, d, J = 8.1 Hz, H-3′ and H-5′)), 6.59 (1H, d, J = 

1.9 Hz, H-8), 6.38 (1H, d, J = 1.9 Hz, H-6), 6.23 (1H, s, H-3), 3.71 (3H, s, H3-1′′). 
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13
C-NMR (150MHz) (CD3OD) ( ppm): 

 179.90 (C-4), 162.51 (C-2), 164.71 (C-7), 161.04 (C-5), 157.98 (C-9), 156.52 (C-2′ and 

6′), 145.99 (C-3′ and 5′), 134.74 (C-4′), 113.46 (C-3), 109.84 (C-1′), 104.70 (C-10), 96.41 

(C-6), 91.66 (C-8). 

EI-MS: m/z 300 

3.3.3.10 3,3′,4′,5,7-PENTAHYDROXY FLAVONE (QUERCETIN) (28) 

 

Physical data:  

State: Yellow amorphous  

powder (22 mg) 

M.F.: C15H10O7    

M.W.: 302.3 

O

OOH

OH

2

45

7 9

10

1'

3'

4'

OH

HO

OH

 

IR max cm
-1

 (KBr)  

3541(O-H), 1742 (C=O), 1637 (C=C). 

1
H-NMR (400MHz) (CD3OD) ( ppm):  

 7.81 (1H, d, J = 2.2 Hz, H-2′), 7.67 (1H, dd, J = 2.2, 7.6 Hz, H-6′), 6.75 (1H, d, J = 7.7 

Hz, H-5′), 6.34 (1H, d, J = 2.3 Hz, H-8), 6.19 (1H, d, J = 2.3 Hz, H-6). 

 

13
C-NMR (100MHz) (CD3OD) ( ppm):  

 177.43 (C-4), 166.12 (C-7), 161.51 (C-5), 154.65 (C-9), 149.27 (C-4′), 144.96 (C-2), 

141.16 (C-3′), 134.33 (C-3), 123.71 (C-1′), 121.65 (C-6′), 116.27 (C-5′), 115.94 (C-2′), 

101.16 (C-10), 97.53 (C-6), 92.64 (C-8). 

EI-MS: m/z 302 
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3.3.3.11 5,7,2′-TRIHYDROXYFLAVONE-2′-O-β-D-GLUCOSIDE (29) 

 

Physical data:  

State: Yellowish powder (22 mg) 

M.F.: C21H20O10 

M.W.: 432.378 
O

HO

OH

OH

O

OOH

O

2

4
5

7 9

10

1'

2'

1''
2''

3''

4''
5''

6''

5'

HO

HO

 

IR max cm
-1

 (KBr): 

3462-3261 (OH), 1726 (C=O), 1610 (C=C). 

 

1
H-NMR (600MHz) (CD3OD) ( ppm): 

 7.79 (1H, d, J = 8.2 Hz, H-6′), 7.49 (1H, dd, J = 7.3, 8.1 Hz, H-4′), 7.31, (1H, d, J = 8.3 

Hz, H-3′), 7.16 (1H, dd, J = 7.2, 8.3 Hz, H-5′), 7.01 (1H, s, H-3), 6.39 (1H, d, J = 2.1 Hz, 

H-6), 6.15 (1H, d, J = 2.1 Hz, H-8), 5.12 (1H, d, J = 7.1 Hz, H-1′′), 4.53 (2H, m, H-6′′), 

3.72 (1H, m, H-5′′), 3.39 (1H, m, H-3′′), 3.28 (1H, m, H-2′′), 3.15 (1H, m, H-4′′). 

 

13
C-NMR (150MHz) (CD3OD) ( ppm): 

 183.04 (C-4), 165.91 (C-2), 163.28 (C-7), 158.56 (C-5), 156.45 (C-2′), 152.77 (C-9), 

131.11 (C-4′), 128.92 (C-6′), 124.80 (C-1′), 121.32 (C-3), 119.37 (C-5′), 116.65 (C-3′), 

103.52 (C-10), 101.33 (C-1′′), 97.49 (C-6), 93.84 (C-8), 77.50 (C-5′′), 74.59 (C-3′′), 71.08 

(C-2′′), 69.22 (C-4′′), 61.76 (C-6′′). 

EI-MS: m/z 302 
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3.4 Synthesis of Some 4ʹ-O Substituted Derivatives of Naringin 

 

3.4.1 General procedure for the synthesis of naringin derivatives in 

DMF 

 

50 mg of naringin (18) was taken in the round bottomed flask having capacity 50 mL and 

dissolved in 10 mL DMF. Then 50 mg of lithium hydride was added to this mixture. The 

whole mixture was stirred at room temperature for 30 minutes. After this the second 

reactant (30a-l) was added slowly to the mixture.  It was then stirred at room temperature 

for the four hours. Progress of the reaction was checked by means of TLC. After the 

formation of product, mixture was dissolved in the distilled water and the product was 

separated by solvent extraction with ethyl acetate. TLC tests of the various products were 

performed using solvents of methanol and chloroform in various ratios. The appearance 

of single spot in each case on the TLC plate with different Rf value relative to naringin, 

corroborated the purity and the formation of desired product. The purity of the desired 

products was also evident from their clear NMR spectra. 

 

 

Scheme-3.7: General synthesis of naringin derivatives 
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3.4.2 Synthesis and Structure Elucidation 

3.4.2.1 Synthesis of 4′-O-Ethyl naringin (7-[[2-O-(6-Deoxy-α-L-mannopyranosyl)-β-

D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-(4-ethoxyphenyl)-4H-1-

benzopyran-4-one) (31a) 

 

 

O

OOH

O

OH

H3C CH2 Cl

Glu

Rham
DMF, LiH

Stir at r.t.

O

OOH

O

O

Glu

Rham

CH3

1''''

2''''

(18)
(30a)

(31a)

 

 

Physical state: Gummy solid 

Yield: 82%. 

 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 

 7.33 (d, J = 8.6 Hz, 2H, H-2′ and H-6′), 6.87 (d, J = 8.5 Hz, 2H, H-3′ and H-5′), 6.17 (d, 

J = 2.3 Hz, 1H, H-8), 6.15 (d, J = 2.3Hz, 1H, H-6), 5.41 (dd, J = 2.5, 12.8 Hz, 1H, H-2), 

5.32 (d, J = 1.3 Hz, 1H, H-1′′′), 5.11 (d, J = 7.4 Hz, 1H, H-1′′), 4.21 (m, 1H, H-6′′a), 4.15 

(m, 1H, H-6′′b), 3.95 (m, 1H,H-5′′′), 3.85 (q, J = 7.1 Hz, 2H, CH2-1′′′′), 3.81 (m, 1H, H-

5′′), 3.46 (m,1H, H-3′′), 3.36 (m, 1H, H-3′′′), 3.33 (m, 1H, H-2′′′), 3.31 (m, 1H, H-2′′), 

3.28 (m, 1H, H-4′′′), 3.15 (dd, J = 17.2, 12.8 Hz, 1H, H-3a), 3.14 (m, 1H, H-4′′), 2.73 (dd, 

J = 17.2, 2.5 Hz, 1H, H-3b), 1.38 (t, J = 7.1 Hz, 2H, CH3-2′′′′), 1.28 (d, J = 6.3,3H, CH3-

6′′′). 



 Experimental Work    
 

 

68 

68 

3.4.2.2 Synthesis of 4′-O-n-Butyl naringin (7-[[2-O-(6-Deoxy-α-L-mannopyranosyl)-

β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-(4-butoxyphenyl)-4H-1-

benzopyran-4-one) (31b) 

 

 

O

OOH

O

OH

Cl

Glu

Rham

DMF, LiH

Stir at r.t.

O

OOH

O

O

Glu

Rham

CH3

3''''

4''''

1''''

2''''

(18) (30b)
(31b)

 

Physical state: Gummy solid 

Yield: 81%. 

 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.65 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 7.06 (d, J = 8.4 Hz, 2H, H-3′ and H-5′), 6.60 (d, 

J = 2.0 Hz, 1H, H-8), 6.58 (d, J = 2.0 Hz, 1H, H-6), 5.39 (dd, J = 2.4, 12.7 Hz, 1H, H-2), 

5.42 (d, J = 1.2 Hz, 1H, H-1′′′), 5.25 (d, J = 7.5 Hz, 1H, H-1′′), 4.20 (m, 1H, Ha-6′′), 4.14 

(m, 1H, Hb-6′′), 3.90 (m, 1H, H-5′′′), 3.71 (m, 1H, H-5′′), 3.54 (m, 1H, H-3′′), 3.45 (t, J = 

8.4 Hz, 2H, CH2-1′′′′), 3.43 (m,1H, H-3′′′), 3.41 (m, 1H, H-2′′′), 3.29 (m, 1H, H-2′′), 3.09 

(m, 1H, H-4′′′), 3.07 (dd, J = 17.3, 12.7 Hz, 1H, Ha-3), 3.05 (m, 1H, H-4′′), 2.67 (dd, J = 

17.3, 2.4 Hz, 1H, Hb-3), 1.75 (m, 2H, CH2-2′′′′), 1.47 (m, 2H, CH2-3′′′′), 1.32 (d, J = 6.8, 

3H, CH3-6′′′), 0.98 (t, J = 7.2 Hz, 3H, CH3-4′′′′). 
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3.4.2.3 Synthesis of 4′-O-n-Pentyl naringin (7-[[2-O-(6-Deoxy-α-L-mannopyranosyl)-

β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-(4-pentoxyphenyl)-4H-1-

benzopyran-4-one) (31c) 

 

O

OOH

O

OH

Cl

Glu

Rham

DMF, LiH

Stir at r.t.

O

OOH

O

O

Glu

Rham

1''''

5'''' 4''''

3''''

2''''

18
30c

31c

 

Physical state: Gummy solid, Yield: 83%. 

 

1
H-NMR (CD3OD) (400 MHz) ( ppm):  7.24 (d, J = 8.0 Hz, 2H, H-2′ and H-6′), 6.81 

(d, J = 8.0 Hz, 2H, H-3′ and H-5′), 6.22 (d, J = 2.3 Hz, 1H, H-8), 6.19 (d, J = 2.3 Hz, 1H, 

H-6), 5.36 (dd, J = 2.6, 12.5 Hz, 1H, H-2), 5.28 (d, J = 1.2 Hz, 1H, H-1′′′), 5.11 (d, J = 

7.2 Hz, 1H, H-1′′), 4.21 (m, 1H, Ha-6′′), 4.12 (m, 1H, Hb-6′′), 3.84 (m, 1H, H-5′′′), 3.76 

(m, 1H, H-5′′), 3.45 (m, 1H, H-3′′), 3.38 (t, J = 8.0 Hz, 2H, CH2-1′′′′), 3.31 (m, 1H, H-

3′′′), 3.29 (m, 1H, H-2′′′), 3.27 (m, 1H, H-2′′), 3.21 (m, 1H, H-4′′′), 3.12 (dd, J = 17.4, 

12.5 Hz, 1H, Ha-3), 3.06 (m, 1H, H-4′′), 2.67 (dd, J = 17.4, 2.6 Hz, 1H, Hb-3), 1.73 (m 

2H, CH2-2′′′′), 1.52 (m, 2H, CH2-3′′′′), 1.35 (d, J = 6.3, 3H, CH3-6′′′), 1.25 (m, 2H, CH2-

4′′′′), 0.65 (t, J = 6.2 Hz, 3H, CH3-5′′′′). 

3.4.2.4 Synthesis of 4′-O-iso-Propyl naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-(4-iso-

Propoxyphenyl)-4H-1-benzopyran-4-one) (31d) 
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Physical state: Gummy solid 

Yield: 80%. 
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1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.32 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 6.92 (d, J = 8.5 Hz, 2H, H-3′ and H-5′), 6.01 (d, 

J = 2.0 Hz, 1H, H-8), 5.98 (d, J = 2.0 Hz, 1H, H-6), 5.34 (dd, J = 2.8, 12.7 Hz, 1H, H-2), 

5.28 (d, J = 2.8 Hz, 1H, H-1′′′), 5.11 (d, J = 7.2 Hz, 1H, H-1′′), 4.58 (m 1H, CH-1′′′′), 

4.23 (m, 1H, Ha-6′′), 4.19 (m, 1H, Hb-6′′), 3.99 (m, 1H, H-5′′′), 3.97 (m, 1H, H-5′′), 3.96 

(m, 1H, H-3′′), 3.94 (m, 1H, H-3′′′), 3.89 (m, 1H, H-2′′′), 3.81 (m, 1H, H-2′′), 3.45 (m, 

1H, H-4′′′), 3.11 (dd, J = 17.3, 12.7 Hz, 1H, Ha-3), 3.03 (m, 1H, H-4′′), 2.70 (dd, J = 17.3, 

2.8 Hz, 1H, Hb-3), 1.32 (d, J = 6.0, 3H, CH3-6′′′), 1.12 (d, J = 7.2 Hz, 6H, CH3-2′′′′ & 

CH3-1′′′′′). 

 

3.4.2.5 Synthesis of 4′-O-Allyl naringin (7-[[2-O-(6-Deoxy-α-L-mannopyranosyl)-β-

D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-(4-allyloxyphenyl)-4H-1-

benzopyran-4-one) (31e) 
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Physical state: Gummy solid, Yield: 82%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.23 (d, J = 8.0 Hz, 2H, H-2′ and H-6′), 6.84 (d, J = 8.2 Hz, 2H, H-3′ and H-5′), 6.21 (d, 

J = 2.2 Hz, 1H, H-8), 6.18 (d, J = 2.2 Hz, 1H, H-6), 5.89 (m, 1H, H-2′′′′), 5.37 (dd, J = 

2.6, 12.8 Hz, 1H, H-2), 5.33 (dd, J = 1.6, 17.2 Hz, 1H, Hb-3′′′′), 5.28 (d, J = 1.3 Hz, 1H, 

H-1′′′), 5.05 (d, J = 7.7 Hz, 1H, H-1′′), 5.03 (dd, J = 1.6, 10 Hz, 1H, Ha-3′′′′), 4.20 (d, J = 

6.4 Hz, 2H, CH2-1′′′′), 4.15 (m, 1H, Ha-6′′), 4.09 (m, 1H, Hb-6′′), 3.43 (m, 1H, H-5′′′), 

3.40 (m, 1H, H-5′′), 3.37 (m, 1H, H-3′′), 3.33 (m, 1H, H-3′′′), 3.30 (m, 1H, H-2′′′), 3.28 

(m, 1H, H-2′′), 3.25 (m, 1H, H-4′′′), 3.14 (dd, J = 17.2, 12.8 Hz, 1H, Ha-3), 3.11 (m, 1H, 

H-4′′), 2.64 (dd, J = 17.2, 2.6 Hz, 1H, Hb-3), 1.22 (d, J = 6.3, 3H, CH3-6′′′). 



 Experimental Work    
 

 

71 

71 

3.4.2.6 Synthesis of 4′-O-(2′′′′-phenylethyl) naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-[4-(2-

phenylethoxy)]-4H-1-benzopyran-4-one) (31f) 
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Physical state: Gummy solid, Yield: 83%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.51 (m, 1H, H-4′′′′′), 7.50 (m, 2H, H-3′′′′′ and H-5′′′′′), 7.45 (m, 2H, H-2′′′′′ and H-

6′′′′′), 7.35 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 7.04 (d, J = 8.5 Hz, 2H, H-3′ and H-5′), 

6.21 (d, J = 2.3 Hz, 1H, H-8), 6.18 (d, J = 2.3 Hz, 1H, H-6), 5.28 (dd, J = 2.6, 12.8 Hz, 

1H, H-2), 5.19 (d, J = 1.3 Hz, 1H, H-1′′′), 5.02 (d, J = 7.4 Hz, 1H, H-1′′), 4.23 (m, 1H, 

Ha-6′′), 4.19 (t, J = 7.3 Hz, 2H, CH2-1′′′′), 4.14 (m, 1H, Hb-6′′), 3.96 (m, 1H, H-5′′′), 3.81 

(m, 1H, H-5′′), 3.47 (m, 1H, H-3′′), 3.42 (m, 1H, H-3′′′), 3.39 (m, 1H, H-2′′′), 3.35 (m, 

1H, H-2′′), 3.30 (m, 1H, H-4′′′), 3.18 (dd, J = 17.3, 12.8 Hz, 1H, Ha-3), 3.14 (m, 1H, H-

4′′), 2.83 (t, J = 7.3 Hz, 2H, CH2-2′′′′), 2.66 (dd, J = 17.3, 2.6 Hz, 1H, Hb-3), 1.23 (d, J = 

6.3, 3H, CH3-6′′′). 

3.4.2.7 Synthesis of 4′-O-(3′′′′-phenylpropyl) naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-[4-(3-

phenylpropoxy)]-4H-1-benzopyran-4-one) (31g) 
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Physical state: Gummy solid, Yield: 83%. 
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1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.51 (m, 1H, H-4′′′′′), 7.50 (m, 1H, H-3′′′′′ and H-5′′′′′), 7.49 (m, 1H, H-2′′′′′ and H-

6′′′′′), 7.24 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 6.74 (d, J = 8.5 Hz, 2H, H-3′ and H-5′), 

6.19 (d, J = 2.3 Hz, 1H, H-8), 6.15 (d, J = 2.3 Hz, 1H, H-6), 5.38 (dd, J = 2.4, 12.7 Hz, 

1H, H-2), 5.31 (d, J = 1.2 Hz, 1H, H-1′′′), 5.12 (d, J = 7.2 Hz, 1H, H-1′′), 4.29 (m, 1H, 

Ha-6′′), 4.24 (m, 1H, Hb-6′′), 3.97 (m, 1H, H-5′′′), 3.90 (t, J = 7.0 Hz, 2H, CH2-1′′′′), 3.86 

(m, 1H, H-5′′), 3.38 (m, 1H, H-3′′), 3.33 (m, 1H, H-3′′′), 3.31 (m, 1H, H-2′′′), 3.28 (m, 

1H, H-2′′), 3.21 (m, 1H, H-4′′′), 3.17 (dd, J = 17.3, 12.7 Hz, 1H, Ha-3), 3.07 (m, 1H, H-

4′′), 2.75 (dd, J = 17.3, 2.4 Hz, 1H, Hb-3), 2.65 (m, 2H, CH2-2′′′′), 1.68 (t, J = 7.1 Hz, 2H, 

CH2-3′′′′), 1.28 (d, J = 6.3, 3H, CH3-6′′′). 

3.4.2.8 Synthesis of 4′-O-(p-Bromobenzyl) naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-[4-p-

bromobenzyloxy)-4H-1-benzopyran-4-one) (31h) 
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Physical state: Gummy solid, Yield: 83%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.67 (d, J = 8.4 Hz, 4H, H-2′′′′′, H-3′′′′′, H-5′′′′′ & H-6′′′′′), 7.24 (d, J = 8.7 Hz, 2H, H-2′ 

and H-6′), 6.96 (d, J = 8.8 Hz, 2H, H-3′ and H-5′), 6.21 (d, J = 2.2 Hz, 1H, H-8), 6.17 (d, 

J = 2.2 Hz, 1H, H-6), 5.27 (dd, J = 2.5, 12.8 Hz, 1H, H-2), 5.22 (d, J = 1.3 Hz, 1H, H-

1′′′), 5.09 (d, J = 7.2 Hz, 1H, H-1′′), 5.02 (br s, 2H, CH2-1′′′′), 4.19 (m, 1H, Ha-6′′), 4.08 

(m, 1H, Hb-6′′), 3.95 (m, 1H, H-5′′′), 3.84 (m, 1H, H-5′′), 3.48 (m, 1H, H-3′′), 3.37 (m, 

1H, H-3′′′), 3.35 (m, 1H, H-2′′′), 3.33 (m, 1H, H-2′′), 3.30 (m, 1H, H-4′′′), 3.23 (dd, J = 

17.2, 12.8 Hz, 1H, Ha-3), 3.18 (m, 1H, H-4′′), 2.81 (dd, J = 17.2, 2.5 Hz, 1H, Hb-3), 1.23 

(d, J = 6.1, 3H, CH3-6′′′). 
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3.4.2.9 Synthesis of 4′-O-(p-Fluorobenzyl) naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-[4-p-

fluoroobenzyloxy)-4H-1-benzopyran-4-one) (31i) 

 

O

OOH

O

OH

Glu

Rham

DMF, LiH

Stir at r.t.

O

OOH

O

O

Glu

Rham

1''''

1'''''

3'''''5'''''

4'''''

6'''''

Br

2'''''

F

F18 30i 31i

Physical state: Gummy solid 

Yield: 83%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.67 (d, J = 7.2 Hz, 2H, H-3′′′′′ and H-5′′′′′), 7.49 (d, 7.2 Hz, 2H, H-2′′′′′ and H-6′′′′′), 

7.24 (d, J = 8.7 Hz, 2H, H-2′ and H-6′), 6.81 (d, J = 8.8 Hz, 2H, H-3′ and H-5′), 6.19 (d, J 

= 2.2 Hz, 1H, H-8), 6.15 (d, J = 2.2 Hz, 1H, H-6), 5.41 (dd, J = 2.6, 12.7 Hz, 1H, H-2), 

5.32 (d, J = 1.4 Hz, 1H, H-1′′′), 5.20 (br s, 2H, CH2-1′′′′), 5.13 (d, J = 7.0 Hz, 1H, H-1′′), 

4.23 (m, 1H, Ha-6′′), 4.10 (m, 1H, Hb-6′′), 3.96 (m, 1H, H-5′′′), 3.83 (m, 1H, H-5′′),  3.38 

(m, 1H, H-3′′), 3.35 (m, 1H, H-3′′′), 3.33 (m, 1H, H-2′′′), 3.29 (m, 1H, H-2′′), 3.26 (m, 

1H, H-4′′′), 3.18 (dd, J = 17.2, 12.7 Hz, 1H, Ha-3), 3.14 (m, 1H, H-4′′), 2.82 (dd, J = 17.2, 

2.6 Hz, 1H, Hb-3), 1.40 (d, J = 6.4, 3H, CH3-6′′′). 

3.4.2.10 Synthesis of 4′-O-(2′′′′-Bromoethyl) naringin (7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-hydroxy-2-[4-(2-

bromoethoxy)]-4H-1-benzopyran-4-one) (31j) 

 

O

OOH

O

OH
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Stir at r.t.

O
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O
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18 30j
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Physical state: Gummy solid 

Yield: 82%. 
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1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.31 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 6.87 (d, J = 8.4 Hz, 2H, H-3′ and H-5′), 6.05 (d, 

J = 2.0 Hz, 1H, H-8), 6.02 (d, J = 2.0 Hz, 1H, H-6), 5.37 (dd, J = 2.5, 12.6 Hz, 1H, H-2), 

5.32 (d, J = 1.2 Hz, 1H, H-1′′′), 5.11 (d, J = 7.2 Hz, 1H, H-1′′), 4.30 (m, 1H, Ha-6′′), 4.25 

(m, 1H, Hb-6′′), 4.21 (t, J = 6.0 Hz, 2H, CH2-1′′′′), 3.95 (m, 1H, H-5′′′), 3.82 (m, 1H, H-

5′′), 3.60 (t, J = 6.0 Hz, 2H, CH2-2′′′′), 3.37 (m, 1H, H-3′′), 3.35 (m, 1H, H-3′′′), 3.33 (m, 

1H, H-2′′′), 3.31 (m, 1H, H-2′′), 3.28 (m, 1H, H-4′′′), 3.15 (dd, J = 17.4, 12.6 Hz, 1H, Ha-

3), 3.12 (m, 1H, H-4′′), 2.68 (dd, J = 17.4, 2.5 Hz, 1H, Hb-3), 1.35 (d, J = 6.8, 3H, CH3-

6′′′). 

3.4.2.11 Synthesis of 4′-O-(Ethylacetato) naringin (Ethyl-4-[7-[[2-O-(6-Deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]]oxy]-4-oxo-2,3-dihydro-2H-chromen-2-

yl)phenoxy] acetate) (31k) 
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18
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Physical state: Gummy solid 

Yield: 83%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.32 (d, J = 8.4 Hz, 2H, H-2′ and H-6′), 6.86 (d, J = 8.6 Hz, 2H, H-3′ and H-5′), 6.17 (d, 

J = 2.3 Hz, 1H, H-8), 6.13 (d, J = 2.3 Hz, 1H, H-6), 5.36 (dd, J = 2.6, 12.5 Hz, 1H, H-2), 

5.22 (d, J = 1.4 Hz, 1H, H-1′′′), 5.11 (d, J = 7.4 Hz, 1H, H-1′′), 4.59 (s, 2H, CH2-1′′′′), 

4.26 (m, 1H, Ha-6′′), 4.21 (q, J = 7.2 Hz, 2H, CH2-4′′′′), 4.17 (m, 1H, Hb-6′′), 3.93 (m, 

1H,H-5′′′), 3.82 (m, 1H, H-5′′), 3.45 (m, 1H, H-3′′), 3.36 (m, 1H, H-3′′′), 3.34 (m, 1H, H-

2′′′), 3.32 (m, 1H, H-2′′), 3.29 (m, 1H, H-4′′′), 3.17 (dd, J = 17.4, 12.5 Hz, 1H, Ha-3), 3.14 

(m, 1H, H-4′′), 2.74 (dd, J = 17.4, 2.6 Hz, 1H, Hb-3), 1.27 (t, J = 7.2 Hz, 3H, CH3-5′′′′), 

0.89 (d, J = 6.7, 3H, CH3-6′′′). 
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3.4.2.12 Synthesis of 4′-O-(N-3′′′′′, 5′′′′′-Dimethylphenyl-C-acetamido) naringin (7-

[[2-O-(6-Deoxy-α-L-mannopyranosyl)-β-D-glucopyranosyl]]oxy]-2,3-dihydro-5-

hydroxy-2-[4-N-(3,5-dimethylphenyl) acetamide-2-oxyphenyl]-4H-1-benzopyran-4-

one) (31l) 

 

O

OOH

O

OH

Glu

Rham

DMF, LiH

Stir at r.t.
O

OOH

O

O

Glu

Rham
N

Br

H

O

CH3

CH3

N

O

H

H3C

CH3

1''''

2''''

1'''''

3'''''

5''''' 4'''''

6'''''

2'''''

7'''''

8'''''18

30l
31l

 

Physical state: Gummy solid, Yield: 82%. 

1
H-NMR (CD3OD) (400 MHz) ( ppm): 

 7.41 (d, J = 8.6 Hz, 2H, H-2′ and H-6′), 6.94 (br d, J = 2.4 Hz, 1H, H-4′′′′′), 6.75 (d, J = 

8.8 Hz, 2H, H-3′ and H-5′), 6.29 (d, J = 2.3 Hz, 1H, H-8), 6.25 (d, J = 2.3 Hz, 1H, H-6), 

6.15 (br d, J = 2.4 Hz, 2H, H-2′′′′′ and H-6′′′′′), 5.35 (dd, J = 2.4, 12.7 Hz, 1H, H-2), 5.34 

(d, J = 1.4 Hz, 1H, H-1′′′), 5.13 (d, J = 7.0 Hz, 1H, H-1′′), 4.45 (s, 2H, CH2-1′′′′), 4.27 (m, 

1H, Ha-6′′), 4.19 (m, 1H, Hb-6′′), 3.94 (m, 1H, H-5′′′), 3.81 (m, 1H, H-5′′), 3.39 (m, 1H, 

H-3′′), 3.37 (m, 1H, H-3′′′), 3.34 (m, 1H, H-2′′′), 3.32 (m, 1H, H-2′′), 3.28 (m, 1H, H-4′′′), 

3.19 (dd, J = 17.3, 12.7 Hz, 1H, Ha-3), 3.14 (m, 1H, H-4′′), 2.99 (dd, J = 17.3, 2.4 Hz, 

1H, Hb-3), 2.28 (s, 6H, CH3-7′′′′′ and CH3-8′′′′′), 1.23 (d, J = 6.2, 3H, CH3-6′′′). 

 

3.4.3 Enzyme Inhibition and Antioxidant Studies of Synthetic 

Derivatives of Naringin 

 

3.4.3.1 Acetylcholinesterase assay 

The Acetylcholinesterase (AChE) inhibition activity was performed according to 

standard method [98] with slight modifications. Total volume of the reaction mixture was 

100 µL. It contained 60 µL Na2HPO4 buffer with concentration of 50 mM and pH 7.7. 
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Ten µL of each tested compound (final concentration 0.5 mM well
-1

) was added, 

followed by the addition of 10 µL (0.005 unit well
-1

) enzyme. The contents were mixed 

and pre-read at 405 nm.  Then contents were pre-incubated for 10 min at 37ºC. The 

reaction was initiated by the addition of 10 µL of 0.5 mM well
-1

 substrate 

(acetylthiocholine iodide), followed by the addition of 10 µL DTNB (5,5-dithiobis-2-

nitrobenzic acid, 0.5 mM well
-1

).  After 30 min of incubation at 37ºC, absorbance was 

measured at 405 nm. Synergy HT (BioTek, USA) 96-well plate reader was used in all 

experiments. All experiments were carried out with their respective controls in triplicate. 

Eserine (0.5 mM well
-1

) was used as a positive control. The percent inhibition was 

calculated by the help of following equation. 

% Inhibition = (1-Abs. of test compound/Abs. of control) x 100 

IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were 

calculated using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. Amherst, 

USA). 

3.4.3.2 Butyrylcholinesterase assay 

The Butyrylcholinesterase (BChE) inhibition activity was performed according to 

standard method [98] with slight modifications. Total volume of the reaction mixture was 

100 µL containing 60 µL, Na2HPO4 buffer, 50 mM and pH 7.7. Ten µL of each tested 

compound (final concentration 0.5 mM well
-1

), followed by the addition of 10 µL (0.5 

unit well
-1

) BChE. The contents were mixed and pre-read at 405 nm and then pre-

incubated for 10 mins at 37ºC.  The reaction was initiated by the addition of 10 µL of 0.5 

mM well
-1

 substrate (butyrylthiocholine bromide) followed by the addition of 10 µL 

DTNB, 0.5 mM well
-1

. After 30min of incubation at 37ºC, absorbance was measured at 

405 nm. Synergy HT (BioTek, USA) 96-well plate reader was used in all experiments. 

All experiments were carried out with their respective controls in triplicate. Eserine (0.5 

mM well
-1

) was used as positive control.  The percent inhibition was calculated by the 

help of following equation. 

% Inhibition = (1-Abs. of test compound/Abs. of control) x 100 



 Experimental Work    
 

 

77 

77 

IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were 

calculated using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. Amherst, 

USA). 

3.4.3.3 Lipoxygenase assay 

Lipoxygenase (LOX) activity was assayed according to the reported method [99-101].but 

with slight modifications. A total volume of 200 µL assay mixture contained 140 µL 

sodium phosphate buffer (100 mM, pH 8.0), 20 µL test compound and 15µL (600U) 

purified lipoxygenase enzyme (Sigma, USA). The contents were mixed and pre-read at 

234 nm and preincubated for 10 minutes at 25°C. The reaction was initiated by addition 

of 25 µL substrate solution. The change in absorbance was observed after 6 min at 234 

nm. Synergy HT (BioTek, USA) 96-well plate reader was used in all experiments. All 

reactions were performed in triplicates .The positive and negative controls were included 

in the assay. Baicalein (0.5 mM well
-1

) was used as a positive control.  The percentage 

inhibition was calculated by formula given below. 

% Inhibition = (1-Abs. of test compound/Abs. of control) x 100 

IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were 

calculated using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. Amherst, 

USA). 

3.4.3.4 Chymotrypsin assay
 

The α-chymotrypsin inhibition activity is performed according to slightly modified 

method of A. U. Rehman et al. [102]. A total volume of 100μL assay mixture contained 

60μl Tris-HCl buffer (50mM pH 7.6), 10μL test compound and 15μL (0.9units) purified 

α-chymotrypsin enzyme (Sigma, USA).The contents were mixed and incubated for 20 

min at 37
o
C and pre read at 410nm.The reaction was initiated by the addition of 15μL 

(1.3mM) substrate (N-succinyl phenyl-alanine-P-nitroanilide) The change in absorbance 

was observed after 30 min at 410nm. Synergy HT (BioTek, USA) 96-well plate reader 

was used in all experiments. All reactions were performed in triplicates .The positive and 
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negative controls were included in the assay. Chymostatin (0.5 mM well
-1

) was used as a 

positive control.  The percentage inhibition was calculated by formula given below. 

% Inhibition = (1-Abs. of test compound/Abs. of control) x 100 

IC50 values (concentration at which there is 50% in enzyme catalyzed reaction) 

compounds were calculated using EZ-Fit Enzyme Kinetics Software (Perrella Scientific 

Inc. Amherst, USA). 

3.4.3.5 DPPH Radical Scavenging Activity 

The stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) was used for the determination 

of antioxidant activity according to reported method [103]. Different concentrations of 

compounds in respective solvents were added at an equal volume (10µL) to 90 µL of 100 

µM methanolic DPPH in a total volume of 100 µL in 96-well plates. The contents were 

mixed and incubated at 37
o
C for 30 minutes. The absorbance was measured at 517nm 

using Synergy HT BioTek® USA microplate reader. Quercetin and L-ascorbic acid were 

used as standard antioxidants. The experiments were carried out in triplicates. IC50 values 

were calculated using EZ-Fit5 Perrella Scientific Inc. Amherst USA software. The 

decrease in absorbance indicates increased radical scavenging activity which was 

determined by the following formula. 

% scavenging activity = (1-Abs. of test compound/Abs. of control) x 100 

3.5 BIOACTIVITIES OF PLANTS 

3.5.1 GENERAL 

3.5.1.1 Plant Material  

The plants, Dodonaea viscosa, Cotinus coggyria, Fumaria indica and Dicliptera 

bupleuroides were collected from district Kotli, Azad Kashmir, Pakistan, in 2010, 

Curcuma zedoaria was collected from Chhanga Manga forest while Illicium verum and 

Syzygium aromaticum were purchased from the local market of Lahore, Pakistan in 2009, 

in the month of March. Mr. Muhammad Ajaib identified the plants who is taxonomist of 

botany department of the GC University, Lahore. The Voucher numbers of the 
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specimens, [(Dodonaea viscosa: G.C.Herb. Bot. 965), Cotinus coggyria: GC. Herb. Bot. 

966), Fumaria indica: GC. Herb. Bot. 969), Dicliptera bupleuroides: GC. Herb. Bot. 

968), Curcuma zedoaria: GC. Herb. Bot. 967)], have been submitted to herbarium of GC 

University. 

3.5.1.2 Extraction and Fractionation of Antioxidants 

Each of the plant was dried under the shade and then ground to fine powder. The dried 

powder was soaked in methanol at room temperature and its methanolic extract was 

obtained (20L × 4). Evaporation of the methanolic extract was done under vacuum on 

rotavapour to yield the residue. This residue was then dissolved in the distilled water (2 

L), which was subjected to solvent extraction and partitioned first of all with n-hexane (1 

L × 4), then with the chloroform (1 L × 4), after this with the ethyl acetate (1 L × 4) and 

at the end with n-butanol (1 L × 4). These four organic fractions, as well as the remaining 

aqueous fraction were subjected to rotavapour and concentrated separately under 

vacuum. The residues obtained at the end were used to determine their in vitro 

antioxidant potential, antibacterial, antifungal and hemolytic activities. In case of S. 

aromaticum and I. verum, 50g of each powder was placed separately in 2L round-bottom 

flask of steam-distillation assembly, containing 150 mL of diethyl ether. The steam was 

thrashed on it for two hours, as a result two layers were obtained in the receiving flask, an 

aqueous and an organic layer. The organic layer was separated and then dried over 

anhydrous sodium sulfate. Then it was filtered and the solvent was evaporated afterwards 

to obtain the concentrated oil. This volatile oil was then used to evaluate the bioactivities. 

3.5.1.3 Chemicals and Standards 

DPPH˙, TPTZ (2,4,6-tripyridyl-s-triazine), BHT, ascorbic acid, Follin Ciocalteu’s phenol 

reagent gallic acid and trolox were purchased from the Sigma Chemical Company Ltd. 

(USA). n-Butanol, ethyl acetate, chloroform, n-hexane, ferrous chloride, ferric chloride, 

ammonium molybdate, sodium phosphate, sulphuric acid, ceric sulphate, hydrochloric 

acid, copper sulphate, aluminium chloride, lead acetate, acetic acid, sodium carbonate, 

tween-20, lenoleic acid and ammonia from Merck (Pvt.) Ltd. (Germany). 
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3.5.2 Phytochemical Screening 

Phytochemical screening of the crude fractions of the plants was done using standard 

procedures [104-106] to determine their phytochemical constituents. 

3.5.2.1 Test for Alkaloids 

For the test of alkaloids the TLC card having spots of the studied samples was sprayed 

with Draggendorff’s reagent. Appearance of orange colour indicates the presence of 

alkaloids. 

3.5.2.2 Test for Terpenoids 

Two methods were used to test presence of terpenoids. First, ceric sulphate solution was 

sprayed on TLC card having spots of samples. TLC card was heated on TLC heater. 

Appearance of brown colour indicates the presence of terpenoids. Second, to 0.5 g of 

each extract was added 2 mL of chloroform. Three ml of concentrated H2SO4 was 

carefully added to form a layer. A reddish brown colouration of the interface indicates the 

presence of terpenoids. 

3.5.2.3 Test for Saponins 

To 0.5 g of extract was added 5 mL of distilled water in a test tube. The solution was 

shaken vigorously and observed for a stable persistent froth. The frothing was mixed with 

3 drops of olive oil and shaken vigorously after which it was observed for the formation 

of an emulsion. 

3.5.2.4 Test for Tannins 

Two mL of sample was taken in test tube and 5 ml of n-butanol-HCl solution was added. 

Mixture was warmed for 1 hour at 95 
o
C in a water bath. Appearance of red colour 

indicated the presence of tannins.  

3.5.2.5 Test for Sugars 

Sample solutions (0.5 g in 5 mL water) were added to boiling Fehling’s solution (A and 

B) in a test tube. Formation of red precipitates indicated the presence of sugars. 
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3.5.2.6 Test for Phenolics 

Neutral ferric chloride was added to each fraction. Appearance of bluish green colour 

indicated presence of phenolics. 

3.5.2.7 Test for Flavonoids 

Four methods were used to test for flavonoids. First, dilute ammonia (5 mL) was added to 

a portion of sample solution in water. Concentrated sulphuric acid (1 mL) was added. A 

yellow colouration that disappears on standing indicated the presence of flavonoids. 

Second, a few drops of 1% aluminium chloride solution were added to sample solution. A 

yellow colouration indicated the presence of flavonoids. Third, the TLC card having 

spots of samples was sprayed with Benedict’s reagent. Green fluorescence in UV light 

indicated the presence of flavonoids. Fourth, the TLC card having spots of samples was 

sprayed with lead acetate solution. Green fluorescence in UV light indicated the presence 

of flavonoids. 

3.5.2.8 Test for Cardiac Glycosides (Keller-Killiyani test) 

To 0.5 g of each sample diluted to 5 ml in water was added 2 mL of glacial acetic acid 

containing one drop of ferric chloride solution. This was underlayered with 1 mL of 

concentrated sulphuric acid. A brown ring at the interface indicated the presence of 

deoxysugar characteristic of cardenolides. A violet ring may appear below the brown 

ring, while in the acetic acid layer a greenish ring may form just above the brown ring 

and gradually spread throughout this layer. 

 

3.5.3 Antioxidant Assays 

Following five antioxidant assays were performed on all the studied fractions. 

3.5.3.1 DPPH Radical Scavenging Activity  

The DPPH radical scavenging activities of various fractions of plant were examined by 

comparison with that of known antioxidant, butylated hydroxyl toluene (BHT) or 

ascorbic acid using the reported method [107]. Briefly, various concentrations of the 
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samples (1000 g/mL, 500 g/mL, 250 g/mL, 125 g/mL, 60 g/mL, 30 g/mL, 15 

g/mL, 8 g/mL) each 1 mL, were mixed with 3 ml of methanolic solution of DPPH 

(0.1mM) saparately. The mixture was shaken vigorously and allowed to stand at room 

temperature for one an hour. Then absorbance was measured at 517 nm against methanol 

as a blank in the UV-visible spectrophotometer (CECIL Instruments CE 7200 Cambridge 

England). Lower absorbance of spectrophotometer indicated higher free radical 

scavenging activity. 

The percent of DPPH decolouration of the samples was calculated according to the 

formula: % Inhibition = (1-Abs. of test compound/Abs. of control) x 100 

Each sample was assayed in triplicate and mean values were calculated.  

3.5.3.2 Total Antioxidant Activity 

The total antioxidant activities of various fractions of plant were evaluated by 

phosphomolybdenum complex formation method [108]. Briefly, 1 mL (500 g/mL) of 

each sample was mixed with 4 mL of reagent solution (0.6 M sulphuric acid, 28 mM 

sodium phosphate and 4 mM ammonium molybdate) in sample vials. The blank solution 

contained 4 mL of reagent solution. The vials were capped and incubated in water bath at 

95
o
C for 90 minutes. After the samples had been cooled to room temperature, the 

absorbance of mixture was measured at 695 nm against blank. The antioxidant activity 

was expressed relative to that of BHT. All determinations were assayed in triplicate and 

mean values were calculated. 

3.5.3.3 Ferric Reducing Antioxidant Power (FRAP) Assay 

The FRAP assay was done according to Benzie and Strain [109] with some 

modifications. The stock solutions included 300 mM acetate buffer (3.1 g 

CH3COONa.3H2O and 16 mL CH3COOH), pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-

triazine) solution in 40 mM hydrochloric acid and 20 mM ferric chloride hexahydrate 

solution. The fresh working solution was prepared by mixing 25 mL acetate buffer, 2.5 

mL TPTZ solution and 2.5 mL FeCl3.6H2O solution and then warmed at 37 
o
C before 

using. The solutions of plant samples and that of trolox were formed in methanol 
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(500g/mL). 10 L of each of  sample solution and BHT solution were taken in separate 

test tubes and 2990 L of FRAP solution was added in each to make total volume up to 3 

mL. The plant samples were allowed to react with FRAP solution in the dark for 30 

minutes. Readings of the coloured product [ferrous tripyridyltriazine complex] were then 

taken at 593 nm by UV-visible spectrophotometer. The FRAP values were determined as 

micromoles of trolox equivalents per mL of sample by computing with standard 

calibration curve constructed for different concentrations of trolox. Results were 

expressed in TE M/mL. 

3.5.3.4 Total Phenolic Contents 

Total phenolics of various fractions of plant were determined by reported method [110]. 

The 0.1 mL (0.5 mg/mL) of sample was combined with 2.8 mL of 10% sodium carbonate 

and 0.1 mL of 2N Folin-Ciocalteu’s phenol reagent. After 40 minutes absorbance at 725 

nm was measured by UV-visible spectrophotometer. Total phenolic contents were 

expressed as milligrams of gallic acid equivalents (GAE) per gram of sample using the 

standard calibration curve constructed for different concentrations of gallic acid. The 

curve was linear between 50 mg/mL to 500 mg/mL of gallic acid. Results were expressed 

in GAE mg/g. 

3.5.3.5 Ferric Thiocyanate (FTC) Assay 

The antioxidant activities of various fractions of plant on inhibition of linoleic acid 

peroxidation were assayed by thiocyanate method [111]. The 0.1 mL of each of sample 

solution (0.5 mg/ mL) was mixed with 2.5 mL of linoleic acid emulsion (0.02 M, pH 7.0) 

and 2.0 mL of phosphate buffer (0.02 M, pH 7.0). The linoleic emulsion was prepared by 

mixing 0.28 g of linoleic acid, 0.28 g of Tween-20 as emulsifier and 50.0 mL of 

phosphate buffer. The reaction mixture was incubated for 5 days at 40 
o
C. The mixture 

without extract was used as control. The mixture (0.1 mL) was taken and mixed with 5.0 

mL of 75% ethanol, 0.1 mL of 30% ammonium thiocyanate and 0.1 mL of 20 mM 

ferrous chloride in 3.5% HCl and allowed to stand at room temperature. Precisely 3 

minutes after addition of ferrous chloride to the reaction mixture, absorbance was 
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recorded at 500 nm. The antioxidant activity was expressed as percentage inhibition of 

peroxidation (IP%) [IP% = {1-(abs. of sample) /(abs. of control)} × 100]. The antioxidant 

activity of BHT was assayed for comparison as reference standard. 

Statistical Analysis  

All the measurements were done in triplicate and statistical analysis was performed by 

Statistical software. All the data were expressed as ± S.E.M. Statistical analysis were 

determined using one way analysis of variance (ANOVA ) followed by post-hoc Tukey’s 

test. 

 

3.5.4 Antibacterial and Antifungal Assay 

3.5.4.1 Microbial Strains 

The samples both irradiated and un-irrdiated were individually tested against a set of 

microorganisms, including two Gram-positive bacteria: Staphylococcus aureus (S. 

aureus), API Staph TAC 6736152, Bacillus subtilis (B. subtilis) JS 2004, two Gram-

negative bacteria: Escherichia coli (E. coli) ATCC 25922, and Pasteurella multocida (P. 

multocida) (local isolate) and four fungal strains Aspergillus niger, Aspergillus flavus, 

Ganoderma lucidum and Alternaria alternata. The pure bacterial and fungal strains were 

obtained from Department of Clinical Medicine and Surgery, University of Agriculture, 

Faisalabad, Pakistan. Purity and identity were verified by the Institute of Microbiology, 

University of Agriculture, Faisalabad, Pakistan. Bacterial strains were cultured overnight 

at 37 ºC in Nutrient agar (NA, Oxoid). For fungal cultures, medium used was potato 

dextrose agar. These were incubated at 28 
0
C and fungal spore count was 1.45x10

8
. 

3.5.4.2 Disc Diffusion Method 

The antibacterial and antifungal activities of the plant extracts were determined by disc 

diffusion method. Briefly, 100 µL of suspension of tested microorganisms, containing 

10
7
 colony-forming units (CFU)/ml of bacteria cells on NA medium. The filter discs (9 

mm in diameter) were individually impregnated with extracts’ solution, placed on the 



 Experimental Work    
 

 

85 

85 

agar plates which had previously been inoculated with the tested microorganisms. Discs 

without samples and with the addition of the correspondant solvent used for dissolving 

each fraction were used as a negative control. Streptomycin sulphate (30 µg/dish) (Oxoid, 

UK) was used as positive reference for bacteria to compare sensitivity of strain/isolate in 

analyzed microbial species. Plates, after 2 h at 4 ºC, were incubated at 37 ºC for 18 h for 

bacteria strains. Antibacterial and antifungal activity was evaluated by measuring the 

diameter of the growth inhibition zones (zone reader) in millimeters for the organisms 

and comparing to the controls [112]. 

3.5.5 Hemolytic Activity 

Hemolytic activity of the plant extracts was studied by the method used by Sharma and 

Sharma (2001) and Powell et al. (2000) [113, 114]. Three ml freshly obtained 

heparinized human blood was collected from volunteers after consent and counseling. 

Blood was centrifuged for 5 min at 1000xg plasma was discarded and cells were washed 

three times with 5 ml of chilled (4
o
C) sterile isotonic Phosphate-buffered saline (PBS) pH 

7.4. Erythrocytes were maintained 10
8
 cells per mL for each assay. Hundred μL of each 

extrat was mixed with human blood (10
8 

cells/ml) separately. Samples were incubated for 

35 min at 37
o
C and agitated after 10 minute. Immediately after incubation the samples 

were placed on ice for 5 min then centrifuged for 5 min at 1000xg. Supernatant 100 μL 

were taken from each tube and diluted 10 time with chilled (4
o
C) PBS. Triton X-100 

(0.1% v/v) was taken as positive control and phosphate buffer saline (PBS) was taken as 

negative control and pass through the same process. The absorbance was noted at 576 nm 

using μ Quant (Bioteck, USA). The % RBCs lysis for each samples were calculated. 

       (Abs. of sample – Abs. of blank) 

Percentage hemolysis =——————————————— × 100 

  Abs. of positive control 

Each sample was assayed in triplicate and mean values were calculated.  
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4.0 PRESENT WORK 

Present work includes phytochemical investigations on different fractions of Rhynchosia 

pseudo-cajan and Colebrookia oppositifolia, structure elucidation of isolated 

constituents, antioxidant activities of pure isolated constituents, synthesis of derivatives 

of naringin and their antioxidant and enzyme inhibition studies, and bioactivity studies 

(antioxidant, antifungal, antibacterial and hemolytic) on various fractions of Rhynchosia 

pseudo-cajan, Colebrookia oppositifolia, Dodonaea viscosa, Cotinus coggyria, Fumaria 

indica, Dicliptera bupleuroides, Curcuma zedoaria, Syzygium aromaticum and Illicium 

verum. For our convenience, present work has been divided into five catagouries; 

namely: 

 

4.1 Structure elucidation of chemical constituents of Rhynchosia pseudo-cajan  

4.2 Structure elucidation of chemical constituents of Colebrookia oppositifolia 

4.3 Structure elucidation of synthetic derivatives of naringin and their 

antioxidant and enzyme inhibition studies 

4.4 Bioactivity studies on some medicinal plants 

4.5 Conclusions 

 

4.1 STRUCTURE ELUCIDATION OF CHEMICAL 

CONSTITUENTS OF RHYNCHOSIA PSEUDO-CAJAN 

This category of present work represents characterization and identification of various 

chemical constituents that were isolated from different fractions of Rhynchosia pseudo-

cajan. All these compounds have been isolated for the first time from this plant. However 

among these compounds (1-18), 2, 8, 9, 10 and 17 are known from this genus.  Structure 

elucidation of these constituents has been discussed in detail as given below. 
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4.1.1. OCTADECANE (1) 

The compound 1 was isolated as the white amorphous solid from CHCl3-soluble fraction 

of Rhynchosia pseudo-cajan Cambess.  

 

1 2 4

7

911

13

15 17
18

 

 

 

Its molecular formula was established as C18H38 by counting the number of hydrogens 

and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. The IR spectrum 

showed the characteristic bands of the alkane. 

 

In the 
1
H NMR spectra of the compound, a broadsinglet signal at  0.81 indicated 

terminal methyl groups while a merged singlet at  1.19 was due to 32 protons, 

suggesting the presence of 16-methylene groups in the molecule. In the 
13

C-NMR 

spectrum of the compound, terminal methyl groups showed sigal at 13.55.  

 

On the above spectral ground the structure of the compound 1 has been established as 

octadecane [115]. 
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4.1.2 TRIACONTYL PALMITATE (2) 

 

The Compound 2 was obtained as the white powder from CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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In IR spectrum a strong absorption band observed at 1741 cm
-1

 was indicative of ester 

group. MS showed molecular ion peak at the m/z 677, this ion then fragmented further 

with the typical pattern of the aliphatic straight chain compound.  

1
H NMR spectrum displayed a triplet at  4.03 (J= 6.9 Hz) indicative for the ester group. 

Another triplet at  2.25 (J= 7.3 Hz) was due to the (CH2-CO) group. A six proton triplet 

at the  0.85 (J= 7.2 Hz) was due to the presence of two terminal methyl groups.  

The compound was confirmed as long chain fatty ester by its 
13

C NMR data. The signal 

of C-1 at  169.05 was that of ester group. The presence of the carbonyl at the reported 

position was confirmed by presence of the fragment at m/z 239 which was formed due to 

cleavage of the ester bond.  

All spectral data was in the full agreement with that reported for triacontyl palmitate in 

the literature [116]. 
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4.1.3 HEPTATRIACONTYL BENZOATE (3) 

 

Compound 3 was obtained as colourless solid from CHCl3-soluble fraction of Rhynchosia 

pseudo-cajan Cambess. 
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In mass spectra, the molecular ion peak was displayed at m/z 641, corresponding to its 

molecular weight. It was found an ester, having molecular formula; C44H80O2 as deduced 

from its 
13

C DEPT spectra.  

An intense IR absorption band at 1724 cm
-1

 revealed presence of carbonyl group and its 

specific 
1
H-NMR signals at 8.11 (2H, m, H-2 and H-6), 7.63 (1H, m, H-4), and  7.47 

(1H, m, H-3 and H-5) indicated that compound was benzoate ester. 
1
H-NMR spectrum 

also displayed one multiplet at  0.86 for the terminal methyl group. Another multiplet 

at 4.15 was assignable to H-1′.  

The typical signal at 167.02 in the 
13

C-NMR spectrum also confirmed the compound as 

benzoate ester [117] but attached to a long chain. Heptatriacontyl group was attached 

with the benzoate ester as a long chain as confirmed by spectral and previously reported 

data in literature [118]. 
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4.1.4 1-HENTRIACONTANOL (4) 

Compound 4 was obtained as amorphous powder from CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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The compound was indicated as long chain primary alcohol by the observation of 

characteristic resonances in its 
13

C and 
1
H-NMR spectra as well as by specific bands in 

its IR spectra. Its molecular formula was established as C31H64O by counting the number 

of hydrogens and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. From the 

mass spectrum, its molecular weight was found 452. 

A triplet at  0.85 (t, J=7.2 Hz) in its 
1
H NMR spectra indicated signal of the terminal 

methyl group. A broad singlet at  3.89 indicated CH2 attached with hydroxyl group. 

Methylene next to it showed a broad singlet at  1.55. All the rest methylenes indicated a 

merged singlet at  1.23. In the 
13

C-NMR spectra the peak at  66.39 was assigned to a 

carbinylic carbon and the peak at  32.81 to the methylene carbon attached to a hydroxyl 

group. The peaks at  13.96 and 21.52 were shown by terminal methyl group and 

methylene carbon next to it, respectively. The rest of the methylene carbons showed 

merged signals at  29. 

 By combination of the MS and NMR data, the compound 4 was identified as the 1-

hentriacontanol which was confirmed as well by the comparison with literature [119]. 

 



Results and Discussion    

 

 91 

4.1.5 1-HEPTATRIACONTANOL (5) 

Compound 5 was obtained as amorphous plates from CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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The IR and 
1
H-NMR spectra of compound suggested it to be a paraffinic primary alcohol 

structure.  

By counting the number of hydrogens and carbons from its 
1
H-NMR and 

13
C-NMR 

DEPT spectral data, its molecular formula was established as C37H76O. MS of the 

compound showed the molecular ion at m/z 536.  

13
C-NMR and DEPT showed presence of the only one methyl group at the  14.08 and a 

CH2 with the oxygen function at  63.21. All the other CH2 carbons resonated at  21 to 

32. In 
1
H NMR spectra the terminal methyl group resonated at  0.82 (t, J=6.9 Hz).  

All the chemical shift signals of 
13

C-NMR and 
1
H-NMR spectra were in the full 

agreement with those previously reported for the 1-heptatriacontanol [120]. 
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4.1.6 14,20-DIMETHYL-1-HEPTACOSANOL (6) 

Compound 6 was obtained as colourless solid from CHCl3-soluble fraction of Rhynchosia 

pseudo-cajan Cambess. 
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The IR as well as 
1
H-NMR spectra of the compound showed it to be an aliphatic long-

chain alcohol. The IR spectrum signal at 3563 cm
-1

 confirmed presence of hydroxyl 

group. A triplet at  0.86 (t, J=6.2 Hz) in its 
1
H NMR spectrum integrated to (9H), 

indicated that there are three methyl groups in the molecule. A triplet at the  3.61 (J = 

6.4 Hz) and broad singlet at the  1.60 were assigned to the methylene group attached to 

the hydroxyl group and the methylene next to it, respectively. All the rest of the 

methylenic protons resonated as a broad singlet at the  1.23. 

 In 
13

C-NMR spectrum the peak at  68.12 was assigned to the carbinylic carbon and 

peak at the  32.85 to the methylene carbon that was attached next to it. All the rest of the 

methylenic carbons resonated at the  29. Three methyl groups of the molecule resonated 

at  14.09. The mass spectrum showed the molecular ion at the m/z 424, which 

corresponds to its molecular formula as C29H60O.  The above spectral data characterized 

the compound as 14,20-dimethyl-1-heptacosanol, which was confirmed from literature 

[121]. 
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4.1.7 ICOSYL-p-HYDROXY BENZOATE (7) 

Compound 7 was obtained as white amorphous solid from CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula was established as C27H46O3 by counting the number of hydrogens 

and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. IR spectrum showed 

the strong bands of hydroxyl (3565 cm
-1

) and ester group [1743 cm
-1

 (C=O), 1241 cm
-1

 

(C-O)]. 

The 
1
H-NMR spectrum showed a doublet at  7.69 (J = 6.9 Hz) for H-2 and H-6. A 

doublet at  7.50 (J = 6.9 Hz) was for H-3 and H-5. This showed that hydroxyl group is 

attached at the para position. A triplet at  4.21 (J = 6.0 Hz) for H-1′ showed its 

attachment with the carboxylic oxygen.  

In 
13

C-NMR spectrum, the chemical shift of C-7 at  166.82 supported the presence of 

carboxyl group at this position. The chemical shift of C-4 at  162.77 showed the 

presence of phenolic group at this position. C-1′ showed chemical shift at  65.11 

inferred its attachment to carboxylic oxygen. 

The 
13

C-NMR and 
1
H-NMR spectral data of icosyl-p-hydroxy benzoate thoroughly 

supported its structure as closely resembling to that of the reported data [122]. 
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4.1.8 β-SITOSTEROL (8) 

Compound 8 was isolated as colorless needles from the CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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In the IR spectrum of compound absorptions for the hydroxyl group (3557 cm
-1

) and the 

trisubstituted double bond (3049, 1645 and 811 cm
-1

) were observed.  

The 
1
H-NMR spectral data showed multiplet of carbinylic proton (H-3) at  3.39. A 

multiplet at  5.27 was indicative of the olefinic proton at C-6. The proton at C-9 showed 

doublet at  0.80 (J = 6.3 Hz). Six methyl groups were detected out of which two methyl 

groups were found as tertiary ( 0.62 and 1.01), three as secondary ( 0.86, 0.84 and 

0.82) and one as primary ( 0.75).  

The 
13

C-NMR spectrum of the compound disclosed presence of the 29 carbon signals for 

three quaternary carbon atoms, nine methine, eleven methylene and six methyl groups.  

In the EI-MS spectrum, the compound showed the molecular ion peak at the m/z 414 

corresponding to its molecular formula C29H50O. 

The compound was deduced as β-sitosterol on basis of above spectral evidences, as well 

as by comparison with the literature [123].  
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4.1.9 STIGMASTEROL (9)  

Compound 9 was obtained as colourless needles from CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula was established as C29H48O through EI-MS that showed molecular 

ion peak at the m/z 412. In IR spectrum a strong band at 3583 cm
-1

 indicated hydroxyl 

group. Olefinic double bond presence in the compound was confirmed by strong band at 

1653 cm
-1

.  

The 
1
H-NMR spectrum of the compound corresponded to that of stigmasterol. It 

displayed the signals for the two tertiary methyl groups ( 0.99, 0.66) each singlet. A 

doublet at  5.33 (J=4.0 Hz) showed olefinic proton at C-6. Two double doublets at  5.13 

and  4.99 (J=16.0, 8.8 Hz) for H-22 and H-23 resonating with each other showed presence 

of the olefinic bond. A quintet at  3.50 (J=4.0Hz) showed presence of the carbinylic 

proton at C-3.  

The 
13

C-NMR spectrum of the compound disclosed presence of the twenty nine signals. 

There were three quaternary carbon atoms, eleven methine, nine methylene and six 

methyl groups as elucidated by 
13

C-NMR DEPT spectra. The mass spectrum showed the 

characteristic fragmentation pattern of the Δ5, 22 sterol.  

The above spectral data was compared with literature [124-126] which showed complete 

agreement with the stigmasterol. 
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4.1.10 12-OLEANENE-3-OL (β-AMYRIN) (10) 

Compound 10 was isolated as white flakes from the CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 

HO

H

H3C CH3

CH3

H

H CH3

H3C

CH3 H CH3

CH3

H

1

3 5

8

9

10

12

14 16

18

20

22

23

25 26

27

28

29
30

7

24

 

It gave the positive colour reaction for triterpenes. Its IR spectrum exhibited the 

absorption bands for the hydroxyl group at 3553 and the trisubstituted double bond 3039, 

1625 and 815 cm
-1

. 

The 
1
H-NMR spectrum showed signals of the seven tertiary methyl groups centered at  

1.23, 1.11, 0.97, 0.95, 0.92, 0.85, 0.77 (all singlets). Carbinylic proton resonated at  3.20 

(dd, J = 12.0 Hz, J = 4.0 Hz) representing its axial and α orientation and a triplet at  5.16 

(d, J = 4.0 Hz) which was indicative of olefinic proton at C-12.  

The 
13

C-NMR spectra disclosed presence of the thirty carbon atoms. The 
13

C-NMR 

DEPT spectra indicated eight quaternary carbons, five methine, ten methylene and seven 

methyl groups. The chemical shifts of C-12 and C-13 at  121.77 and 145.21 respectively 

showed presence of double bond at this position while chemical shift of C-3 at  79.06 

showed attachment of hydroxyl group at this position. 

EI-MS spectrum showed the molecular ion peak at the m/z 426 corresponding to its 

molecular formula C30H50O (calc. for C30H50O 426.3861). Characteristic fragmentation 

pattern of the amyrin skeleton was shown by EI-MS spectrum of the compound with the 

double bond at C-12. All the above spectral and physical data identified the compound as 

β-amyrin [127]. 
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4.1.11 MUPINENSISONE (11) 

Compound 11 was isolated as white amorphous solid from the CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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It gave the positive colour reaction for triterpenes. Its IR spectrum exhibited the 

absorption bands for the hydroxyl group at 3374 cm
-1

, for the ketonic group at 1708 cm
-1

 

and the trisubstituted double bond 1630 cm
-1

. 

The 
1
H-NMR spectrum showed signals of the seven tertiary methyl groups centered at  

1.08, 1.03, 1.01, 0.99, 0.96, 0.81, 0.78 (all singlets). Carbinylic proton resonated at  3.54 

(2H, br.s, H-29) and a triplet at  5.20 (1H, t, J = 4.0 Hz, H-12) which was indicative of 

olefinic proton.  

The 
13

C-NMR spectra disclosed presence of the thirty carbon atoms. The 
13

C-NMR 

DEPT spectra indicated eight quaternary carbons, four methine, eleven methylene and 

seven methyl groups. The chemical shifts of C-12 and C-13 at  124.4 and 145.2 

respectively showed presence of double bond at this position. Chemical shift of C-3 at  

215.5 showed attachment of ketonic group at this position while chemical shift of C-29 at 

 62.8 showed attachment of hydroxyl group at this position. 

EI-MS spectrum showed the molecular ion peak at the m/z 440 corresponding to its 

molecular formula C30H48O2. All the above spectral and physical data identified the 

compound as mupinensisone [127]. 
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4.1.12 7-HYDROXY-5-METHOXYFLAVANONE (ALPINETIN) (12) 

Compound 12 was purified as colourless needle-shaped crystals from the CHCl3-soluble 

fraction of Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula C16H14O4 was established by counting carbons and hydrogens from 

the data of its 
1
H-NMR and 

13
C-NMR DEPT spectra. The IR spectrum showed signals at 

3525 cm
-1

 for OH group, 1711 cm
-1

 for ketonic group and 1091 cm
-1

 for ether group. 

EI-MS spectrum showed the molecular ion peak at the m/z 270. The presence of 

flavanone skeleton was supported by H
1
-NMR spectra that showed resonances for the 

two H-3 and the H-2 protons [ 5.38 (dd, J = 3.0, 12.6 Hz, 1H, H-2), 2.92 (dd, J = 12.6, 

17.2 Hz, 1H, Ha-3) and 2.67 (dd, J = 17.2, 3.0 Hz, 1H, Hb-3)] of characteristic of ABX 

system of flavanones. The doublets at  6.03 (J=2.1Hz) and 6.08 (J=2.1Hz), showing 

meta-coupling were due to H-6 and H-8 protons for ring A respectively. 5-OMe showed a 

singlet peak at  3.81. 

In 
13

C-NMR spectrum the chemical shift of C-4 at 191.73 supported the presence of 

carbonyl group at this position. The downshifted values of C-5 and C-7 at  166.55 and 

164.27 showed attachment of oxygen moieties at these positions.  

The spectral data of alpinetin was in complete agreement to those reported in the 

literature [128]. 
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4.1.13 5-HYDROXY-7-METHOXYFLAVANONE (PINOSTROBIN) 

(13) 

 

Compound 13 was purified as colourless crystals from the CHCl3-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula C16H14O4 was established by counting carbons and hydrogens from 

the data of its 
1
H-NMR and 

13
C-NMR DEPT spectra. The IR spectrum showed signals at 

3521 cm
-1

 for OH group, 1709 cm
-1

 for ketonic group and 1097 cm
-1

 for ether group. 

EI-MS spectrum showed the molecular ion peak at the m/z 270. The presence of 

flavanone skeleton was supported by H
1
-NMR spectra that showed resonances for the 

two H-3 and the H-2 protons [ 5.28 (dd, J = 3.0, 13.2 Hz, 1H, H-2), 2.90 (dd, J = 13.2, 

16.9 Hz, 1H, Ha-3) and 2.66 (dd, J = 16.9, 3.0 Hz, 1H, Hb-3)] of characteristic of ABX 

system of flavanones. The doublets at  5.97 (J=1.8 Hz) and 5.95 (J=1.8 Hz), showing 

meta-coupling were due to H-6 and H-8 protons for ring A respectively. 7-OMe showed a 

singlet peak at  3.47. 

In 
13

C-NMR spectrum of the compound the chemical shift of C-4 at 192.71 supported the 

presence of carbonyl group at this position. The downfield shifted values of C-7 and C-5 

at  162.73 and 167.62 showed attachment of oxygen moieties at these positions.  

The spectral data of pinostrobin was in complete agreement to those reported in the 

literature [128]. 
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4.1.14 3-OXOLEANE-9(11), 12 DIENE-30-OIC ACID (14) 

Compound 14 was isolated as colourless powder from the EtOAc-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Compound gave the positive colour reaction for the presence of triterpenes. IR spectrum 

exhibited strong absorption band for the hydroxyl group at 3299 cm
-1 

as well as for C=O 

of carboxylic group at 1705 cm
-1

.  

1
H-NMR spectrum showed presence of seven tertiary methyl groups centered at  1.27, 

1.24, 1.19, 1.18, 1.01, 0.95, 0.88 (all singlets). A broad singlet at  5.94 was indicative 

for the presence of olefinic protons. One mutiplet at the  2.05 was assigned to H-18, 

while a broad singlet at  1.57 was assigned to H-5. 

The 
13

C-NMR spectra disclosed presence of the thirty carbon atoms. The multiplicity 

experiments indicated ten quaternary carbons, four methine groups, nine methylene 

groups and seven methyl groups. A signal at  203.38 confirmed the ketonic group while 

signal at  176.11 confirmed the presence of carboxylic group. MS showed the molecular 

ion peak at m/z 452, which corresponds to its molecular formula as C30H44O3. All the 

above spectral and physical data identified the compound as to be 3-oxoleane-9(11), 12 

diene-30-oic acid [129]. 
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4.1.15 4′,5,6-TRIHYDROXY-7-METHOXY FLAVONE (15) 

Compound 15 was isolated as white amorphous powder from the EtOAc-soluble fraction 

of Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula was established as C16H12O6 by counting the number of hydrogens 

and carbons and hydrogens from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. In the 

IR spectrum characteristic bands at 3562, 1742, 1645, 1095 cm
-1 

confirmed the presence 

of hydroxyl group, ketonic group, olefinic double bond and ether group respectively. 

The 
1
H-NMR spectrum showed a doublet at  7.88 (J = 8.2 Hz) for H-3′ and H-5′. H-2′ 

and H-6′ showed a doublet at  6.93 (J = 8.4 Hz). This inferred that hydroxyl group was 

attached at C-4′. Two singlets at  7.01 and 6.39 were for H-8 and H-3 respectively. A 

singlet for methyl group at  3.79 showed that it was attached with oxygen. 

In 
13

C-NMR spectrum of the compound, the chemical shift of C-4 at  180.42 supported 

the presence of ketonic group at this position. The chemical shifts of C-5, C-6 and C-4′ at 

 154.99, 158.77 and 160.89 respectively showed the presence of hydroxyl groups at 

these positions. The chemical shift of C-2 at  162.95 supported the presence of double 

bond. The chemical shift of C-7 at  131.13 inferred the attachment of a methoxy group. 

DEPT spectral data deduced presence of the 16 carbon signals for nine quaternary carbon 

atoms, six methine and one methyl group. 

The above spectral data was compared with literature [130, 131] which showed the 

complete agreement to that of the 4′,5,6-trihydroxy-7-methoxy flavone. 
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4.1.16 2′,4′,5,7-TETRAHYDROXY ISOFLAVONE (16) 

Compound 16 was purified as crytalline white solid from the EtOAc-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula was established as C15H10O6 by counting the number of hydrogens 

and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. IR spectrum showed 

strong band at 3556 cm
-1 

for hydroxyl group while strong band at 1748 cm
-1 

confirmed 

presence of ketonic group. 

The
 1

H-NMR signals showed the two meta coupled aromatic protons at  6.36 (1H, d, J = 

2.8 Hz, H-8) and 6.32 (1H, d, J = 2.8 Hz, H-6). In addition, a singlet at  7.88 indicated a 

characteristic proton at C-2 position of isoflavonoid. The protons of the ring C showed a 

characteristic 1,2,4-trisubstitued benzene ring [ 6.93 (1H, d, J = 8.4 Hz), 6.37 (1H, d, J = 

2.1 Hz), 6.25 (1H, dd, J = 8.4, 2.3 Hz)] which suggested that the compound contained the 

2',4'-dihydroxy aromatic system instead of 3',4'- dihydroxy aromatic system, according to 

its chemical shift.  

In 
13

C-NMR spectrum of the compound, the chemical shift of C-4 at  178.45 supported 

the presence of ketonic group at this position. The chemical shifts of C-5, C-7, C-2′ and 

C-4′ at  162.98, 164.74, 156.41 and 160.67 respectively showed the presence of 

hydroxyl groups at these positions. The chemical shift of C-2 at  154.96 supported the 

presence of double bond. DEPT spectral data confirmed presence of the 15 carbon signals 

for nine quaternary carbon atoms and six methine groups. Therefore, its structure was 

determined as 2',4',5,7-tetrahydroxyisoflavone (2'-hydroxygenistein) which was 

confirmed by comparison with that of previously reported data [132]. 
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The compound 16 was obtained in crystalline form so it was also characterized by single-

crystal XRD. The X-Ray crystal structure has been given below. 

 

Fig. 4.1 The compound 16 with the atom numbering scheme. Displacement ellipsoids for 

non-H atoms are drawn at the 50% probability level. 

 

Fig. 4.2 View of the packing and hydrogen bonding interactions down the b-axis. H 

atoms not involved in the motif have been omitted for clarity. 

 

In the X-Ray crystal structure of compound 16, (Fig. 4.1), the benzopyran ring system 

(O3/C7–C15) of the flavone is essentially planar [max. deviation = 0.014(2)] and inclined 

at 34.26(10)° to the attached benzene ring (C1–C6).  

Molecules are linked by O—H...O and C—H...O intermolecular hydrogen bonds to form 
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an infinite three-dimensional lattice (Table 4.1, Fig. 4.2). The crystal structure is further 

stabilized by - stacking interactions [Cg1...Cg2 (1/2 - x, 1/2 + y, 1 - z) = 3.6287(15) Å; 

Cg1 and Cg2 are centroids of the O3/C7–C11 and C1–C6 rings, respectively] between 

the pyran and benzene rings of the adjacent benzopyran ring systems help stabilize the 

crystal structure. This data confirmed it as 3-(2,4-Dihydroxyphenyl)-5,7-dihydroxy-4H-

chromen-4-one monohydrate (2',4',5,7-tetrahydroxyisoflavone). 

Table 4.1. Hydrogen-bond parameters (Å, °)  

 

 D—H H...A D...A D—H...A 

OW1—HW1A...O5
i
 0.84 (8) 2.20 (8) 3.027 (4) 169 (8) 

O2—H2A...O4 0.8200 1.7800 2.578 (2) 164.00 

OW1—HW1B...O6
ii
 0.81 (7) 2.18 (8) 2.919 (3) 152 (7) 

OW1—HW2B...O1 0.82 (8) 2.06 (8) 2.689 (3) 134 (8) 

O1—HO1...OW1 0.85 (5) 1.87 (4) 2.689 (3) 163 (6) 

O5—H5A...O1
iii

 0.8200 1.9400 2.739 (3) 165.00 

O6—H6...O4 0.8200 1.8200 2.552 (2) 147.00 

O1—HO2...O5
iv

 0.81 (5) 2.09 (5) 2.739 (3) 137 (5) 

C8—H8...O2
v
 0.9300 2.3500 3.126 (3) 141.00 

C14—H14...O1
iii

 0.9300 2.5800 3.275 (3) 132.00 

Symmetry codes: (i) 1/2+x, 1/2-y, -1+z; (ii) 1-x, -y, 1-z; (iii) x, y, 1+z; (iv) x, y, -1+z; (v) -1/2+x, 1/2-y, z. 
 

Refinement 

The H atoms of the water molecule and the hydroxyl group with O1 atom were found 

from difference Fourier maps. These H atoms are disordered over two sets of sites in a 

0.5:0.5 ratio. Their coordinates were refined freely. The isotropic temperature parameters 

of the H atom were calculated as 1.5Ueq(N). The other H atoms were positioned 

geometrically with C—H = 0.93 for aromatic H and O—H = 0.82 Å for hydroxyl H and 

allowed to ride on their parent atoms, with Uiso(H) = 1.2Ueq(Caromatic) or 1.5Ueq(Ohydroxyl).  

Computer programs 

Data collection: APEX2. Cell refinement: SAINT. Data reduction: SAINT. Program(s) 

used to solve structure: SHELXS-97. Program(s) used to refine structure: SHELXL-97. 

Molecular graphics: Ortep-3 for Windows. Software used to prepare material for 

publication: Wingx and PLATON. 
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The crystal data of compound 16 showed presence of one water molecule also. Due to 

poor evidences of presence of water molecule, the compound 16 was again purified 

through column chromatography and then characterized by spectroscopic techniques. 

 

4.1.17 β-SITOSTEROL GLUCOPYRANOSIDE (17) 

Compound 17 was isolated as white amorphous solid from the EtOAc-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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The IR spectrum showed signals at 3551 cm
-1

 for OH group, 1652 cm
-1

 for olefinic 

double bond and 1085 cm
-1

 for ether group. It exhibited similar 
1
H-NMR signals to those 

of β sitosterol but the additional signals at  5.12 (1H, d, J=7.4 Hz, H-1′), 4.35 (1H, m, 

Ha-6′), 4.22 (1H, m, Hb-6′), 3.75 (1H, m, H-5′), 3.48 (1H, m, H-3′), 3.36 (1H, m, H-2′) 

and 3.19 (1H, m, H-4′) showed substitution of glucopyranoside. 

The 
13

C-NMR spectrum of the compound disclosed presence of the 35 carbon signals for 

three quaternary carbon atoms, fourteen methine, twelve methylene and six methyl 

groups.  

The presence of the β-D-glucopyranoside substituent was inferred by the presence of an 

anomeric carbon signal at the  101.03, along with the four hydroxyl bearing methine 

carbons at  79.09 (C-2′), 77.00 (C-3′), 70.05 (C-4′), 77.32 (C-5′) and a methylene carbon 

signal at  61.84 (C-6′).  

On basis of above spectral evidences as well as by comparison with literature, the 

compound was deduced as β sitosterol-3-O-β-D-glucopyranoside [133].  
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4.1.18 4′,5,7-TRIHYDROXYFLAVANONE-7-RHAMNOGLUCOSIDE 

(NARINGIN) (18) 

 

Compound 18 was purified as amorphous white solid from the EtOAc-soluble fraction of 

Rhynchosia pseudo-cajan Cambess. 
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Its molecular formula C27H32O14 was established by counting carbons and hydrogens 

from the data of its 
1
H-NMR and 

13
C-NMR DEPT spectra. The IR spectrum showed 

signals at 3558 cm
-1

 for OH group, 1704 cm
-1

 for ketonic group and 1087 cm
-1

 for ether 

group. EI-MS spectrum showed the molecular ion peak at the m/z 580. 

The 
1
H-NMR spectrum of naringin thoroughly supported a flavanone glycoside structure 

closely resembling to that of reported data (134). The presence of flavanone skeleton was 

supported by H
1
-NMR spectra that showed resonances for the two H-3 and the H-2 

protons [ 5.33 (dd, J = 2.7, 12.9 Hz, 1H, H-2), 3.16 (dd, J = 17.1, 12.9 Hz, 1H, Ha-3) 

and 2.72 (dd, J = 17.1, 2.7 Hz, 1H, Hb-3)] of characteristic flavanones. The doublet at  

7.28 showing ortho-coupling (J = 8.4 Hz, 2H) was due to H-2′ and 6′ protons for ring C 

and the downfield shifting of these protons was due to the presence of hydroxyl group at 

C-4′. The doublet at  6.79, showing ortho-coupling (J = 8.7 Hz, 2H) was due to H-3′ and 

H-5′ protons for ring C. The doublets at  6.16 and 6.14, showing meta-coupling 

(J=2.1Hz) were due to H-6 and H-8 protons for ring A respectively and downfield shifted 

values represent presence of oxygen at C-7, to which sugars were attached. One doublet 
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at  1.27 (d, J = 6.3, 3H, CH3-6′′′) indicated that methyl group was attached with one of 

the sugars so it was elucidated as rhamnose sugar. 

The 
13

C-NMR spectrum of the compound disclosed presence of 27 carbon signals for 

seven quaternary carbon atoms, seventeen methine, two methylenes and one methyl 

group. The peak at  198.51 for C-4 indicated it as a carbonyl group. The chemical shift 

of C-5 at  164.98 supported the presence of phenolic group at this position. The spectral 

data of naringin was in complete agreement to those reported in the literature [135]. 

 

4.2 STRUCTURE ELUCIDATION OF CHEMICAL CONSTITUENTS 

OF COLEBROOKIA OPPOSITIFOLIA 

This category of present work represents characterization and identification of various 

chemical constituents that were isolated from different fractions of Colebrookia 

oppositifolia. Among the isolated compounds (19-29), compounds 19-22 are new-source 

while all others are known from this plant. Structure elucidation of these constituents has 

been discussed as given below. 

4.2.1 1-PENTACOSANOL (19) 

Compound (19) was obtained as colourless powder from CHCl3-soluble fraction of 

Colebrookia oppositifolia Smith. 
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IR spectrum of compound showed strong band at 3532 cm
-1 

which indicated presence of 

OH group. Its molecular formula was established as C25H52O by counting the number of 

hydrogens and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. From the 

mass spectrum, its molecular weight was found to be 368. 
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1
H-NMR spectra indicated a triplet at  0.84 (J=6.4 Hz) for the terminal methyl group and 

a triplet at  3.71(J=6.5 Hz) for the -CH2-OH group. Methylene next to it showed a broad 

singlet at  1.56. All the rest methylenes indicated a merged singlet at 1.25. In the 
13

C-

NMR spectra the peak at  67.51 was assigned to a carbinylic carbon and the peak at  

30.87 to the methylenic carbon next to it. The peaks at  14.56 and 21.69 were shown by 

terminal methyl group and methylene carbon next to it respectively. The rest of the 

methylene carbons showed merged signal at  29. All above data confirmed that 

compound is long chain primary alcohol.  

By combination of the MS and NMR data, the compound was identified as the 1-

pentacosanol which was confirmed as well by the comparison with literature [136]. 

4.2.2 STIGMAST-7-ENE-3β-OL (20)  

Compound (20) was obtained as colourless amorphous powder from CHCl3-soluble 

fraction of Colebrookia oppositifolia Smith. 
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Compound was obtained as colourless amorphous powder from chloroform soluble 

fraction. Its molecular formula was established as C29H50O through EI-MS that showed 

molecular ion peak at the m/z 414.  

In IR spectrum a strong band at 3574 cm
-1

 indicated hydroxyl group. Olefinic double 

bond presence in the compound was confirmed by strong band at 1641 cm
-1

. 

The 
1
H-NMR spectrum of the compound corresponded to that of stigmast-7-ene-3β-ol. It 

displayed the signals for the two tertiary methyl groups ( 0.82, 0.61) each singlet. A 
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broad singlet at  5.35 showed olefinic proton at C-7. A multiplet at  3.57 showed 

presence of the carbinylic proton at C-3. 

The 
13

C-NMR spectrum of the compound disclosed presence of the twenty nine signals. 

There were three quaternary carbon atoms, ten methine, ten methylene and six methyl 

groups as elucidated by 
13

C-NMR DEPT spectra. The above spectral data was compared 

with literature which showed complete agreement with the stigmast-7-ene-3-ol [137, 

138]. 

4.2.3 p-HYDROXYBENZOIC ACID (21) 

Compound (21) was obtained as crystalline white powder from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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UV spectrum of the compound showed absorption bands at 218, 290 and 311 nm, which 

indicate presence of the aromatic nucleus. IR spectrum showed strong absorption bands at 

3511 (O-H), 1705 (C=O) and 3320-2710 for carboxylic group. Its 
1
H-NMR spectrum 

displayed two resonances in the aromatic region at  8.01 (2H, d, J = 8.7 Hz, H-2 and 6), 

6.88 (2H, d, J = 8.7 Hz, H-3 and 5). The 
13

C-NMR spectrum indicated five carbon signals for 

three quaternary and two methine carbons. The downfield signals at  180.0 and 160.3 were 

assignable to carboxylic group and aromatic oxygenated quaternary carbon respectively. 

Other signals at  131.5, 115.8 and 122.4 were assigned to the aromatic quaternary carbon 

atoms and aromatic methines. The EI-MS of compound indicated molecular ion peak at the 

m/z 138.0306, corresponding to its molecular formula C7H6O3 (calcd. for C7H6O3 138.0309). 
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Spectral and physical data showed complete similarity to literature values of the 4-

hydroxybenzoic acid [139]. 

4.2.4 URSOLIC ACID (22) 

Compound (22) was obtained as yellow coloured needles from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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Compound was isolated as colourless needles. Its EI-MS spectrum showed molecular ion 

peak at m/z 456.3599 which corresponds to its molecular formula C30H48O3.  

Its 
1
H-NMR spectrum indicated five tertiary methyl groups centered at 1.20, 1.07, 0.94, 

0.86, 0.81 while signals at  0.91 (3H, d, J = 6.6 Hz, CH3-30) and 0.80 (3H, d, J = 6.8 Hz, 

CH3-29) wre indicative of the ursane skeleton. Signal of cabinylic proton at 3.19 (dd, J 

= 10.0, 4.5 Hz) confirmed its  and axial orientation. A multiplet at 5.11 indicated 

olefinic proton. 

Its 
13

C-NMR spectrum indicated signals of thirty carbon atoms. DEPT experiments indicated 

six quaternary carbons, seven methine, nine methylene and seven methyl groups. Signal at 

176.2 indicated carboxylic group.  
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Spectral and physical data showed complete similarity to literature values of the ursolic acid 

[140]. 

 

4.2.5 TRIACONTANE (23) 

Compound was obtained as white amorphous solid from CHCl3-soluble fraction of 

Colebrookia oppositifolia Smith. 
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The compound (23) was obtained from the column as the white amorphous solid. Its 

molecular formula was established as C30H62 by counting the number of hydrogens and 

carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. The IR spectrum showed 

the characteristic bands of the alkane. 

In the 
1
H NMR spectra of the compound, a triplet at  0.83 indicated terminal methyl 

groups while a merged singlet at  1.22 was due to 56 protons, suggesting the presence of 

28 methylene groups in the molecule.  

In 
13

C-NMR spectrum of the compound, the terminal methyl groups showed a signal at  

14.11. C-2 and C-29 showed a signal at  23.04. All the rest carbons resonated at  29. 

On the above spectral ground the structure of the compound has been established as 

triacontane [115]. 
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4.2.6 1-TRIACONTANOL (24) 

Compound (24) was obtained as colourless powder from CHCl3-soluble fraction of 

Colebrookia oppositifolia Smith. 
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The compound was indicated as long chain primary alcohol by the observation of 

characteristic resonances in its 
13

C and 
1
H-NMR spectra as well as by specific bands in 

its IR spectra. Its molecular formula was established as C30H62O by counting the number 

of hydrogens and carbons from its 
1
H-NMR and 

13
C-NMR DEPT spectral data. From the 

mass spectrum, its molecular weight was found to be 438.8. 

A triplet at  0.82 (t, J=7.1 Hz) in its 
1
H-NMR spectra indicated signal of the terminal 

methyl group. A broad singlet at  3.86 indicated CH2 attached with hydroxyl group. 

Methylene next to it showed a broad singlet at  1.52. All the rest methylenes indicated a 

merged singlet at  1.20. 

In the 
13

C-NMR spectra the peak at  63.36 was assigned to a carbinylic carbon and the 

peak at  30.78 to the methylenic carbon attached to a hydroxyl group. The peaks at  

14.29 and 20.51 were shown by terminal methyl group and methylene carbon next to it 

respectively. The rest of the methylene carbons showed merged signal at  28.  

By combination of the MS and NMR data, the compound was identified as the 1-

triacontanol which was confirmed as well by the comparison with literature [141]. 
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4.2.7 BETULONIC ACID (25) 

Compound (25) was obtained as colourless powder from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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Compound was puried as colourless powder. Its IR spectrum exhibited strong absorption 

band for ketonic group at 1710 cm
-1 

as well as for O-H of carboxylic group at 2976 cm
-1

. 

An intense band at 1645 cm
-1

 showed presence of the ethylenic double bond. 

1
H-NMR spectrum showed presence of five tertiary methyl groups centered at  1.08, 

1.01, 0.94, 0.92, 0.87 (all singlets). Two singlets at the  4.54, 4.75 were assigned to 

olefinic protons. H-19 showed a triple doublet at  2.89 (J = 10.6, 4.2 Hz). H-2 which is 

adjacent to the ketonic group showed a singlet at  2.41. 

The 
13

C-NMR spectra disclosed presence of thirty carbon atoms. The multiplicity 

experiments indicated eight quaternary carbons, five methine groups, eleven methylene 

groups and six methyl groups. A signal at  218.03 confirmed the ketonic group while 

signal at  179.06 confirmed the presence of carboxylic group. The signals of C-27 and 

C-29 at  145.91 and 106.47 respectively indicated ethylenic double bond at this position. 

MS showed the molecular ion peak at the m/z 454, which corresponds to its molecular 

formula as C30H46O3 (calc. for C30H46O3 454.684). All the above spectral data identified 

the compound as betulonic acid [138]. 
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4.2.8 5,6-DIHYDROXY-7-METHOXY FLAVONE (NEGLETEIN) (26) 

 

Compound (26) was obtained as orange pellets from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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Compound was purified as orange pellets by the column chromatography. MS of the 

compound gave molecular ion peak at the m/z 284, which was compatible with its 

molecular formula C16H12O5. 
1
H and 

13
C-NMR spectra of the compound exhibited the 

resonances due to aromatic systems. In 
1
H-NMR spectrum of compound, H-2′ and H-6′ 

showed double doublet at  7.91 (J = 1.7, 8.1 Hz) while H-3′, H-4′and H-5′ showed a 

multiplet at  7.35 which showed that there was no substituent at ring C. H-3 and H-8 

showed singlet signals at  6.81 and 6.59 respectively. Only one signal for H-8 showed 

that ring A was trisubstituted.  

The 
13

C-NMR spectrum displayed sixteen carbon signals out of which eight were 

quaternary carbons, seven were methine groups and one methyl group. Signal of C-4 at  

182.41 was typical of ketonic group. Signals of C-5, C-6 and C-7 at 148.57, 132.54 and 

153.98 showed substitution of hydroxyl groups at these positions.  

Based on spectral data and by comparing all data with that in literature, compound was 

identified as 5,6-dihydroxy-7-methoxy flavone (negletein) [142]. 
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4.2.9 5,2′,6′-TRIHYDROXY-7-METHOXY FLAVONE (27) 

Compound (27) was obtained as pale-yellow needles from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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Compound was purified as pale yellow needles. MS of the compound gave molecular ion 

peak at the m/z 300, which was compatible with its molecular formula C16H12O6. 
1
H and 

13
C-NMR spectra of the compound exhibited the resonances due to aromatic systems.  

A typical meta-coupled pattern was shown for H-6 and H-8 protons ( 6.38 and 6.59, d, J 

= 1.9 Hz). H-3′ and H-5′ showed doublet signal at  6.71 (J = 8.1 Hz) while H-4′ showed 

triplet at 7.18 (t, J = 8.1 Hz) which indicated that ring C is substituted at C-2′ and C-6′ 

positions. H-3 showed singlet at 6.23 while 7-O-Me group protons showed singlet at  

3.71. 

The 
13

C-NMR spectrum displayed sixteen aromatic carbon signals out of which nine 

were quaternary carbons while six were methine groups and one for methyl group.  

Based on spectral data and by comparing all data with that in literature, compound was 

identified as 5,2′,6′-trihydroxy-7-methoxy flavone (143).  
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4.2.10 3,3′,4′,5,7-PENTAHYDROXY FLAVONE (QUERCETIN) (28) 

Compound (28) was obtained as yellow amorphous powder from EtOAc-soluble fraction 

of Colebrookia oppositifolia Smith. 
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Compound was purified as yellow amorphous powder. MS of the compound gave 

molecular ion peak at the m/z 302, which was compatible with its molecular formula 

C15H10O7. 
1
H and 

13
C-NMR spectra of the compound exhibited the resonances due to 

aromatic systems. 

 In 
1
H-NMR spectrum of compound, an ABX system was exhibited by the aromatic 

region at  7.81 (1H, d, J = 2.2 Hz, H-2′), 7.67 (1H, dd, J = 2.2, 7.6 Hz, H-6′), and 6.75 

(1H, d, J = 7.7 Hz, H-5′), due to the 3′, 4′ disubstitution at ring C. A typical meta-coupled 

pattern was shown for H-6 and H-8 protons ( 6.19 and 6.34, d, J = 2.3 Hz).  

The 
13

C-NMR spectrum displayed fifteen aromatic carbon signals out of which ten were 

quaternary carbons while five were methine groups.  

Based on spectral data and by comparing all data with that in literature, compound was 

identified as quercetin [144]. 
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4.2.11 5,7,2′-TRIHYDROXYFLAVONE-2′-O-β-D-GLUCOSIDE (29) 

Compound (29) was obtained as yellowish powder from EtOAc-soluble fraction of 

Colebrookia oppositifolia Smith. 
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Compound was purified as yellowish powder by the column chromatography. MS of the 

compound gave molecular ion peak at the m/z 432, which was compatible with its 

molecular formula C21H20O10. 
1
H and 

13
C-NMR spectra of the compound exhibited the 

resonances due to aromatic systems.  

H-3 showed singlet at  7.01, while a typical meta-coupled pattern was shown for H-6 

and H-8 protons ( 6.39 and 6.15, d, J = 2.1 Hz).  This indicated that ring-A contains 5,7-

dihydroxy substituted pattern. Two groups of doublet peaks and double-doublet peaks ( 

7.79-7.16) for 4H suggested that ring-C is C-2′ substituted. 

 The 
13

C-NMR spectrum displayed 21 carbon signals out of which eight were quaternary 

carbons, twelve were methine groups and one methylene group. Signal of C-2′ was 

shifted downfield due to oxygenation as compared to signals of C-1′, C-3′ and C-5′ which 

were shifted upfield. Based on spectral data and by comparing all data with that in 

literature, compound was identified as 5,7,2′-trihydroxyflavone-2′-O-β-D-

glucopyranoside [142]. 
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4.3  STRUCTURE ELUCIDATION OF SYNTHETIC 

DERIVATIVES OF NARINGIN AND THEIR ANTIOXIDANT AND 

ENZYME INHIBITION STUDIES 

 

4.3.1 Structure Elucidation 

In this work, we have reported the synthesis of twelve new 4′-O-substituted derivatives, 

31a-l, of 18 (scheme-3.7) and their structures have been ascertained with the help of their 

1
H-NMR spectra. The compound, 31a, was synthesized as gummy solid. Its molecular 

formula, C29H36O14, was established by counting the number hydrogens from its 
1
H-NMR 

data. It exhibited similar 
1
H-NMR signals to those of naringin (18) but the additional 

signals at  3.85 (q, J = 7.1 Hz, 2H, CH2-1′′′′) and 1.38 (t, J = 7.1 Hz, 2H, CH3-2′′′′) 

characteristic of ethyl group confirmed the substitution of an ethyl group at the more 

exposed phenolic group at C-4′ in this molecule as the other hydroxyl group at C-5 was 

sterically hindered and could not be substituted under the conditions. On the basis of 

above cumulative evidences the structure of 31a was assigned as 4′-O-ethyl naringin.  

The 31b was also a gummy solid with molecular formula C31H40O14. In its 
1
H-NMR 

spectrum, the signals at  3.45 (t, J = 8.4 Hz, 2H, CH2-1′′′′), 1.75 (m, 2H, CH2-2′′′′), 1.47 

(m, 2H, CH2-3′′′′) and 0.98 (t, J = 7.2 Hz, 3H, CH3-4′′′′) confirmed the substitution of an 

n-butyl group in this molecule so the structure of 31b was assigned as 4′-O-n-butyl 

naringin. The 31c having molecular formula C32H42O14 was identified as 4′-O-n-pentyl 

naringin due to the characteristic signals of n-pentyl group at  3.38 (t, J = 8.0 Hz, 2H, 

CH2-1′′′′), 1.73 (m 2H, CH2-2′′′′), 1.52 (m, 4H, CH2-3′′′′ and CH2-4′′′′) and 0.65 (t, J = 6.2 

Hz, 3H, CH3-5′′′′). 

 In 31d, having molecular formula C30H38O14, the signals at  4.58 (m, 1H, CH-1′′′′), and 

1.12 (d, J = 7.2 Hz, 6H, CH3-2′′′′ and CH3-1′′′′′) were characteristic of isopropyl group 

and thus its structure was elucidated as 4′-O-iso-proyl naringin. The signals at  5.89 (m, 

1H, H-2′′′′), 5.33 (dd, J = 1.6, 17.2 Hz, 1H, Hb-3′′′′), 5.03 (dd, J = 1.6, 10 Hz, 1H, Ha-3′′′′) 

and 4.20 (m, 2H, CH2-1′′′′) in 31e were typical for an allyl group and consequently 

confirming the structure of this molecule as 4′-O-allyl naringin. In the
 1

H-NMR spectrum 

of 31f, the signals in aromatic region at  7.51 (m, 1H, H-4′′′′′), 7.50 (m, 2H, H-3′′′′′ and 



Results and Discussion    

 

 119 

H-5′′′′′), 7.45 (m, 2H, H-2′′′′′ and H-6′′′′′) indicated a phenyl group while signals at  4.19 

(t, J = 7.3 Hz, 2H, CH2-1′′′′) and 2.83 (t, J = 7.3 Hz, 2H, CH2-2′′′′) were due to a 

substituted ethyl group and hence its structure was inferred as 4′-O-(2′′′′-phenylethyl) 

naringin. Similarly, on the basis of signals in the aromatic region at  7.51 (m, 1H, H-

4′′′′′), 7.50 (m, 1H, H-3′′′′′ and H-5′′′′′) and 7.49 (m, 1H, H-2′′′′′ and H-6′′′′′) indicative for 

phenyl group and signals at  3.90 (t, J = 7.0 Hz, 2H, CH2-1′′′′), 2.65 (m, 2H, CH2-2′′′′) 

and 1.68 (t, J = 7.1 Hz, 2H, CH2-3′′′′) indicative for propyl group, the structure of 31g 

was deduced as 4′-O-(3′′′′-phenylpropyl) naringin. 

In 
1
H-NMR spectrum of 31h, the signals of an ortho coupled doublet i.e.  7.67 (d, J = 

8.4 Hz, 4H, H-2′′′′′, H-3′′′′′, H-5′′′′′ and H-6′′′′′) showed that p-bromo benzyl group has 

been attached so it thoroughly supported its structure as 4′-O-(p-bromo benzyl) naringin. 

In 31i, the signals of two ortho coupled doublets i.e.  7.67 (d, J = 7.2 Hz, 2H, H-3′′′′′ and 

H-3′′′′′), 7.49 (d, 7.2 Hz, 2H, H-2′′′′′ & H-6′′′′′) showed that p-fluoro benzyl group has 

been attached so the structure of 31i was established as 4′-O-(p-fluorobenzyl) naringin. In 

1
H-NMR spectrum of 31j, two triplet signals at  4.21 (t, J = 6.0 Hz, 2H, CH2-1′′′′) and 

3.60 (t, J = 6.0 Hz, 2H, CH2-2′′′′) thoroughly supported its structure as 4′-O-(2′′′′-

bromoethyl) naringin.  

In 31k, the signals at  4.21 (q, J = 7.2 Hz, 2H, CH2-4′′′′) and 1.27, (t, J = 7.2 Hz, 3H, 

CH3-5′′′′) were characteristic for an ethoxy group while the one methylene signal at  

4.59 (s, 2H, CH2-1′′′′) altogether corroborated the structure of this molecule as 4′-O-

(ethylacetato) naringin. For 31l, only two signals in aromatic region  6.94 (br d, J = 2.4 

Hz, 1H, H-4′′′′′) and  6.15 (br d, J = 2.4 Hz, 2H, H-2′′′′′ and H-6′′′′′) represented a 

trisubstituted phenyl ring. Methyl signals at  2.28 (s, 6H, CH3-7′′′′′ and CH3-8′′′′′) were 

also in agreement that two methyl groups were substituted on the phenyl ring while 

another singlet at  4.45 (s, 2H, CH2-1′′′′) was emblematic for the methylene of 

acetamido group. Therefore, on the basis of aforesaid evidences the structure of this 

molecule was established as 4′-O-(N-3′′′′′, 5′′′′′-dimethylphenyl-C-acetamido) naringin. 
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Table: 4.2 R groups of naringin derivatives 

 

Compound R Compound R 

31a 
1'''' 2''''

CH2 CH3

 
31g CH2 CH2

1'''' 2''''
1'''''

5'''''

CH
3''''

2'''''

 

31b 

1''''

2''''

3''''

4''''

CH3

 

31h CH2 Br

1''''
1'''''

3'''''

5'''''  

31c 

1''''

2''''

3''''

4''''

CH3

5''''

 

31i CH2
1'''''

3'''''

5'''''

1''''
F

 

31d CH

CH3

CH3

1''''

2''''

1'''''

 

31j 
Br

1''''

2''''  

31e 
CH2

C C

H Ha

Hb

1''''

2''''

3''''

 

31k 

O CH3

O

1''''

2''''

3''''

4''''

5''''

 

31f 

 

CH2 CH2

1'''' 2''''
1'''''

3'''''

5'''''  

31l 

1''''
2''''

N

O

H

CH3

CH3

1'''''
2'''''

4'''''

5'''''

6'''''

7'''''

8'''''
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4.3.2 Inhibitory Potential 

The inhibitory potential of these derivatives, 31a-l, was studied against four enzymes 

namely, acetyl cholinesterase, butyryl cholinesterase, lipoxygenase and chymotrypsin as 

well as their antioxidant potential by DPPH radical scavenging. Results are shown in 

table 4.3.  

It was observed that only 31a had good antioxidant potential showing IC50 36.21±0.32 

µM as compared to quercetin, a reference standard, having IC50 16.96±0.14 µM. All the 

other derivatives as well as naringin showed no antioxidant potential.  

Only 31a, 31f, 31g and 31i were moderate inhibitors of butyrylcholinesterase having IC50 

values of 335.81±0.09 µM, 266.21±0.35 µM, 212.91±0.56 µM and 358.11±0.01 µM 

respectively. None of the studied derivatives showed inhibition against 

acetylcholinesterase. 

Naringin (18) itself, 31b, 31d, 31l and were recognized as moderate inhibitors of 

lipoxygenase having IC50 values of 143.51±0.12 µM, 474.51±0.03 µM, 164.91±0.52 µM, 

157.91±0.54 µM respectively.  

Only 31h was found to be moderate inhibitor of chymotrypsin. It showed IC50 value 

159.3±0.05 µM as compared to chymostatin, a reference standard having IC50 value 

8.24±0.11 µM.  

It was also obvious from the screening results that the substitution of any group at C-4′ of 

naringin (18) has no remarkable effect on its biological activity against studied enzymes. 
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Table-4.3: DPPH Radical Scavenging activity, Butyrylcholinesterase Assay, 

Acetylcholinesterase Assay, Lipoxygenase Assay and Chymotrypsin assay. 

 

Compounds 

DPPH Radical 

Scavenging 

activity 

Butyrylcholineste

rase Assay 

Acetylcholinester-

ase Assay 
Lipoxygenase Assay 

 

Chymotrypsin 

assay 

(%inh) 

0.5mM 

(IC50) 

µM 

(%inh.) 

0.5mM 

(IC50) 

µM 

 

(%inh.) 

0.5mM 

(IC50) 

µM 

(%inhib.) 

0.5mM 

(IC50) 

µM 

 

(%inh.) 

0.5mM 

(IC50) 

µM 

Naringin (18)  
10.11±0

.33 
NIL 

33.53± 

0.22 
NIL 

45.22± 

0.74 
NIL 

78.32± 

0.14 

143.51±0.

12 

30.16± 

0.71 

NIL 

4′-O-Ethyl 

naringin (31a)  

75.58± 

0.23 

36.21

±0.32 

71.48± 

0.58 

335.81

± 0.09 

50.70± 

0.74 
NIL 

56.98± 

0.71 
<500 

19.85± 

0.014 

NIL 

4′-O-n-Butyl 

naringin(31b)  

36.19± 

0.14 
NIL 

38.78± 

0.47 
NIL 

51.97± 

0.14 
NIL 

52.50± 

0.85 

474.51±0.

03 

40.44± 

0.24 

NIL 

4′-O-n-Pentyl 

naringin (31c) 

27.56± 

0.51 
NIL 

29.69± 

0.65 
NIL 

40.13± 

0.64 
NIL 1.88± 0.25 NIL 

39.71± 

0.62 

NIL 

4′-O-iso-Propyl 

naringin (31d) 

11.96± 

0.65 
NIL 

31.04± 

0.14 
NIL 

44.20± 

0.85 
NIL 

73.69± 

0.65 

164.91±0.

52 

38.24± 

0.22 

NIL 

4′-O-Allyl 

naringin (31e) 

8.16± 

0.32 
NIL 

49.13± 

0.25 
NIL 

54.90± 

0.25 
NIL 

58.26± 

0.45 
<500 

19.85± 

0.45 

NIL 

4′-O-(2′′′′-

Phenylethyl) 

naringin (31f) 

18.27± 

0.14 
NIL 

79.66± 

0.22 

266.21

± 0.35 

42.04± 

0.31 
NIL 

24.85± 

0.74 
NIL 

30.88± 

0.34 

NIL 

4′-O-(3′′′′-

Phenylpropyl) 

naringin (31g) 

10.47± 

0.71 
NIL 

65.14± 

0.35 

212.91

± 0.56 

45.10± 

0.06 
NIL 

22.86± 

0.17 
NIL 

25.74± 

0.78 

NIL 

4′-O-(p-

Bromobenzyl) 

naringin (31h)  

15.26± 

0.01 
NIL 

57.74± 

0.39 
<400 

40.38± 

0.74 
NIL 

23.56± 

0.37 
NIL 

68.38± 

0.52 

159.3±

0.05 

4′-O-(p-

Fluorobenzyl) 

naringin (31i) 

41.45± 

0.23 
NIL 

65.14± 

0.11 

358.11

± 0.01 

52.87± 

0.01 
NIL 

16.53± 

0.81 
NIL 

41.91± 

0.34 

NIL 

4′-O-(2′′′′-

Bromoethyl) 

naringin (31j) 

13.07± 

0.74 
NIL 

40.59± 

0.75 
NIL 

55.03± 

0.32 
NIL 

21.10± 

0.73 
NIL 

34.56± 

0.22 

NIL 

4′-O-

(Ethylacetato) 

naringin (31k) 

8.75± 

0.65 
NIL 

35.04± 

0.88 
NIL 

44.97± 

0.15 
NIL 

31.30± 

0.16 
NIL 

34.92± 

0.81 

NIL 

4′-O-(N-3′′′′′, 

5′′′′′-

Dimethylphenyl

-C-acetamido) 

naringin (31l) 

10.41± 

0.45 
NIL 

50.17± 

0.09 
<400 

27.01± 

0.64 
NIL 

88.06± 

0.31 

157.91±0.

54 

31.11± 

0.64 

NIL 

CONTROL 
Quer-

cetin 

16.96

±0.14 
Eserine 

0.85± 

0.001 
Eserine 

0.04± 

0.001 
Baicalein 

22.4± 

1.3 

Chymo- 

statin 

8.24± 

0.11 
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4.4 BIOACTIVITY STUDIES ON SOME MEDICINAL 

PLANTS 

 

Medicinal plants are well known to produce certain bioactive molecules which exhibit 

antioxidant, antibacterial, antifungal, anticarcinogen, cytotoxic and enzyme inhibition 

activities [145-147]. So, in a search for potential bioactive substances from plants origin, 

the antioxidant, antibacterial, antifungal and hemolytic activities of some medicinal herbs 

indigenous to Pakistan viz. Rhynchosia pseudo-cajan, Colebrookia oppositifolia, 

Dodonea viscosa, Cotinus coggyria, Fumaria indica, Dicliptera bupleuroides, Curcuma 

zedoaria, Syzygium aromaticum and Illicium verum were studied in detail. Antioxidant 

activities of pure compounds isolated from R. pseudo-cajan and C. oppositifolia were 

also studied. We will discuss various bioactivities one by one in the next section. 

 

4.4.1 QUALITATIVE ANALYSIS 

The crude fractions of all the selected plants were subjected to qualitative analysis in 

order to screen them for various phytochemicals. First we will discuss them one by one. 

 

4.4.1.1 Phytochemical Screening of Rhynchosia pseudo-cajan 

The phytochemical screening was done on all the fractions of Rhynchosia pseudo-cajan. 

The results (table 4.4) revealed that n-BuOH fraction, EtOAc fraction and CHCl3 fraction 

contain flavonoids, phenolics and alkaloids. Very less or no amount of all these 

compounds was found in aqueous and n- hexane fraction. n-BuOH and EtOAc showed 

presence of cardiac glycosides in them. Terpenes were detected in all the fractions. 

Except n-hexane fraction, tannins and sugars were detected in all fractions. Saponins 

were detected in aqueous, n-BuOH and EtOAc fraction. 
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Table 4.4. Phytochemical constituents of various fractions of Rhynchosia pseudo-cajan 

Cambess. 

Test 
n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − + ++ ++ − 

Terpenoids + +++ +++ ++ + 

Saponins − − + ++ + 

Tannins − + ++ +++ +++ 

Sugars − + ++ ++ +++ 

Phenolics − ++ +++ ++ + 

Flavonoids − ++ +++ ++ + 

Cardiac Glycosides 

Glycosides 

− − + + − 

(+ indicates presence, – indicates absence). 

 

4.4.1.2 Phytochemical Screening of Colebrookia oppositifolia 

The phytochemical screening results of crude fractions of Colebrookia oppositifolia 

(table 4.5) showed that n-BuOH, EtOAc and CHCl3 fraction contain flavonoids, 

phenolics and alkaloids.  

Table 4.5. Phytochemical constituents of various fractions of Colebrookia oppositifolia 

smith. 

Test 
n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − + + +++ − 

Terpenoids +++ +++ ++ +++ + 

Saponins − − ++ ++ ++ 

Tannins − + ++ + ++ 

Sugars − + ++ +++ ++++ 

Phenolics − +++ +++ ++ + 

Flavonoids − +++ +++ ++ + 

Cardiac Glycosides + ++ ++ ++ + 

(+ indicates presence, – indicates absence). 
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Very less or no amount of all these compounds was found in aqueous and n-hexane 

fraction.  Cardiac glycosides were present in all fractions but in greater amount in n-

BuOH, EtOAc and CHCl3 fraction. Terpenes were detected in all the fractions. Except n-

hexane fraction, tannins and sugars were detected in all fractions. Saponins were detected 

in aqueous, n-BuOH and EtOAc fraction. 

4.4.1.3 Phytochemical Screening of Dodonaea viscosa 

The phytochemical screening results of crude fractions of Dodonaea viscosa (table 4.6) 

showed that aqueous, n-BuOH, EtOAc and CHCl3 fraction contain flavonoids and 

phenolics. None of the fractions showed presence of cardiac glycosides. Terpenes were 

detected in all the fractions except the aqueous fraction. Alkaloids were detected only in 

EtOAc and CHCl3 fraction. Tannins and sugars were detected in aqueous, n-BuOH and 

EtOAc fraction but not detected in n-hexane fraction and CHCl3 fraction. Except n-

hexane fraction, saponins were detected in all fractions. 

 

Table 4.6. Phytochemical constituents of various fractions of Dodonaea viscosa Jacq. 

 

Test 
n-hexane 

fraction 
CHCl3 fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − ++ + − − 

Terpenoids + ++ ++ + − 

Saponins − ++ ++++ +++ ++ 

Tannins − − ++ ++ ++ 

Sugars − − ++ ++ ++ 

Phenolics − + ++ + + 

Flavonoids − + ++ + + 

Cardiac Glycosides − − − − − 

 

(+ indicates presence, – indicates absence). 
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4.4.1.4 Phytochemical Screening of Cotinus coggyria 

The phytochemical screening results of crude fractions of Cotinus coggyria (table 4.7) 

showed that n-BuOH, EtOAc and CHCl3 fraction contain greater amount of flavonoids 

and phenolics. Very less amount of these compounds was found in aqueous and n- 

hexane fraction. Cardiac glycosides were detected in greater amount in n-BuOH, EtOAc 

and CHCl3 fraction while in less amount in other two fractions. Alkaloids were found in 

maximum concentration in the ethyl acetate fraction as comparative to other fractions 

whereas absent in the aqueous fraction. Terpenoids and saponins were found in all 

fractions but saponins were very less in n-hexane and CHCl3 fraction. Tannins and sugars 

were found in all the polar fractions whereas absent in n-hexane soluble fraction. Sugars 

were found in higher amounts in the remaining aqueous fraction. 

 

Table 4.7. Phytochemical constituents of various fractions of Cotinus coggyria Scop. 

 

Test 
n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids + ++ ++++ +++ − 

Terpenoids ++ +++ ++ +++ ++ 

Saponins + + ++ +++ +++ 

Tannins − + ++ +++ +++ 

Sugars − + ++ ++ +++ 

Phenolics + ++ +++ ++ + 

Flavonoids + ++ +++ ++ + 

Cardiac Glycosides + ++ ++ ++ + 

 

(+ indicates presence, – indicates absence). 

 

4.4.1.5 Phytochemical Screening of Fumaria indica 

From the results of phytochemical screening of Fumaria indica (table 4.8), it was 

revealed that alkaloids, phenolics and flavonoids were found in aqueous, n-BuOH, 

EtOAc and CHCl3 fraction. These compounds were detected in greater concentration in 

the EtOAc fraction. Except for the aqueous fraction, terpenes were found to be present in 
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all other fractions. Tannins and sugars were detected in aqueous, n-BuOH and EtOAc 

fraction but not detected in n-hexane fraction and CHCl3 fraction. Saponins were detected 

only in aqueous fraction. 

Table 4.8. Phytochemical constituents of various fractions of Fumaria indica Pugsley. 

Test 
n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − ++ +++ ++ + 

Terpenoids + ++ + − − 

Saponins − − − − + 

Tannins − − + + + 

Sugars − − + + + 

Phenolics − ++ +++ ++ + 

Flavonoids − + ++ + + 

Cardiac Glycosides − - + + - 

(+ indicates presence, – indicates absence). 

4.4.1.6 Phytochemical Screening of Dicliptera bupleuroides 

From the results of phytochemical screening of Dicliptera bupleuroides (table 4.9), it was 

revealed that cardiac glycosides, alkaloids, phenolics and flavonoids were found in n-

BuOH, EtOAc and CHCl3 fraction. Very less or null amount of these compounds was 

found in aqueous and n- hexane fraction. Except for the aqueous fraction, terpenes were 

detected in all other fractions. Tannins and sugars were detected in aqueous, n-BuOH and 

EtOAc fraction but not detected in n-hexane fraction and CHCl3 fraction. Saponins were 

detected only in n-BuOH and EtOAc fraction. 

Table 4.9. Phytochemical constituents of various fractions of Dicliptera bupleuroides 

Nees. 

Test 
n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − ++ ++ ++ − 

Terpenoids + ++ +++ +++ − 

Saponins − − + + − 

Tannins − − + + + 

Sugars − − + + + 

Phenolics − ++ ++ + − 

Flavonoids − + + + − 

Cardiac Glycosides − ++ ++ + _ 

(+ indicates presence, – indicates absence). 
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4.4.1.7 Phytochemical Screening of Curcuma zedoaria 

From the results of phytochemical screening of Curcuma zedoaria (table 4.10), it was 

revealed that cardiac glycosides, phenolics and flavonoids were found in EtOAc and 

CHCl3 fraction. None of these compounds were found in aqueous, n-BuOH and n- 

hexane fraction.  Phenolics and flavonoids were detected in greater amount in CHCl3 

fraction as compared to EtOAc fraction. Sugars and alkaloids were not detected in n- 

hexane fraction. Except the aqueous fraction, terpenoids were detected in all other 

fractions. None of the fractions showed presence of tannins. Saponins were only present 

in traces in n- hexane fraction while absent in all other fractions. 

Table 4.10. Phytochemical constituents of various fractions of Curcuma zedoaria 

Roscoe. 

Test 
n-hexane 

fraction 
CHCl3 fraction 

EtOAc 

fraction 

n-BuOH 

fraction 

Aqueous 

fraction 

Alkaloids − + ++ +++ + 

Terpenoids ++ ++ +++ ++ − 

Saponins + − − − − 

Tannins − − − − − 

Sugars − + ++ ++ +++ 

Phenolics − ++ + − − 

Flavonoids − ++ + − − 

Cardiac 

Glycosides 
− + + − − 

(+ indicates presence, – indicates absence). 

4.4.2 ANTIOXIDANT ACTIVITIES 

For physiological purposes, in vivo, free radicals generate constantly. In pathological 

conditions they cause oxidative stress due to over production. Oxidative stress causes 

many diseases e.g. cancer, cardiovascular-neurological diseases, inflammation and 

autoimmune diseases. Cells can be protected from oxidative damage by taking natural 

antioxidants in appropriate amounts. Chelating agents, lipid peroxidation inhibitors and 

free radical scavengers are reffered as antioxidants. Phenolic compounds acquire many 

biological effects e.g. free radical scavenging and antioxidant effects [15]. Use of 

antioxidants is the most appropriate way for elimination of free radicals causing oxidative 

stress. Endogenous and exogenous antioxidants, whether natural or synthetic, prevent 
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formation of free radicals by decomposing them or by scavenging, thus suppress above 

mentioned disorders [148]. BHA, BHT and TBHQ are synthetic antioxidants which are 

used to add in foodstuffs. These are efficient but show toxicity [149]. So, now-a-days 

there is trend to use natural antioxidants. The natural compounds are being identified as 

efficient antioxidants for replacement of synthetic ones [150].  

 

Natural antioxidants from herbs are now-a-days becoming interested. It is proved by 

epidemiological as well as in vitro studies that medicinal plants have constituents which 

protect from oxidative stress [15]. So, plant antioxidants are used for various scientific 

researches as well as in cosmetic, pharmaceutical and dietary industries. Synthetic 

antioxidants may promote carcinogenesis. So, natural antioxidants are required as they 

are economic, powerful and safe to biological systems. So, there is great interest to check 

the antioxidative effects exerted by plant extracts or various constituents isolated from the 

plants instead of synthetic antioxidants. Antioxidative and other biological activities of 

plants have been investigated. Natural antioxidants also increase stability of the food and 

improve its quality, thus acting as neutraceuticals [1]. Several studies have been done on 

medicinal and aromatic plants and these are found to display antimicrobial and 

antioxidant properties, so, protect the biological systems from pathogens as well as from 

oxidation reactions taking place in cells [151]. So, characterization of various medicinal 

plants is important for their antioxidant potential. Keeping in view all these aspects, in the 

present work, we described the comparative in vitro antioxidant potential of aqueous and 

organic fractions of above mentioned plants by four methods: 1,1-diphenyl-2-

picrylhydrazyl radical (DPPH) scavenging, total antioxidant activity by 

phosphomolybdenum complex method, FRAP assay and ferric thiocyanate assay along 

with determination of their total phenolic contents relative to conventionally used 

standards. 
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4.4.2.1 DPPH Radical Scavenging Activity 

DPPH is known as stable free radical. It becomes dimegnetic molecule by accepting 

hydrogen, radicals or electrons. Phenolic compounds have the ability to donate hydrogen 

so take part in scavenging of DPPH radical [152]. Reaction takes place between free 

radicals and antioxidant molecules such as phenolic compounds, as a result colour of 

DPPH radical become yellow from purple due to scavenging of radical [153]. So, DPPH 

is used for measuring radical scavenging activities of various antioxidative compounds. 

DPPH has deep violet colour, its reduction takes place be accepting hydrogen atom from 

any substance [107]. Transfer of proton from the antioxidative substance to DPPH radical 

depends on structure of antioxidative substance. Reduction of the DPPH radical can be 

seen by decrease in the absorbance at 517 nm. The % scavenging increases when the 

concentration of antioxidative substance is enhanced in assay mixture, but upto a critical 

concentration limit, after which it decreases when the concentration of antioxidative 

substance is more enhanced because interfering substances can’t donate more protons at 

the critical higher concentrations. IC50 value is defined as the concentration of substrate 

that causes 50% loss of the DPPH activity and was calculated by linear regression 

mentioned of plots of the percentage of antiradical activity against the concentration of 

the tested compounds. It is also defined as the concentration of sample causing 50 percent 

inhibition of free radicals. IC50 is a quantitative measure which shows effectiveness of 

antioxidative compounds by inhibiting biological or biochemical function. This 

quantitative measure indicates the quantity of a particular modulator needed for inhibiting 

a given biological process. A lower value would reflect greater antioxidant activity of the 

fraction [154]. 

4.4.2.2 Total Antioxidant Activity 

Total antioxidant activities of the samples were checked by the phosphomolybdenum 

complex formation method. In this assay antioxidative compounds reduce molybdenum 

(VI) to molybdenum (V), as a result green coloured phosphate Mo (V) complex is formed 

at the acidic pH. In this assay electron transfer takes place, depending on antioxidant 

structure. This assay detects antioxidants e.g. carotenoids, tocopherols, some phenolics, 
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aromatic amines, polyphenols, cysteine, glutathione and ascorbic acid because these are 

able to donate electrons. It is extensively used to determine plant polyphenols and in 

quantification of vitamin E [108, 155]. 

4.4.2.3 Ferric Reducing Antioxidant Power (FRAP) Assay 

This assay measures reductive ability of antioxidative compounds against the oxidative 

effects caused by the reactive oxygen species. Antioxidants also called reductants due to 

donation of electrons inactivate the oxidants (redox reactions). Fe
3+

 is reduced by 

antioxidants to Fe
2+

 which forms a complex with tripyridyltriazine (TPTZ) also present in 

the assay forms complex with Fe
2+

.
 
(Fe

2+
–TPTZ) complex has intense blue colour which 

shows maximum absorption at 593 nm (109). Increase in reductive ability of antioxidant 

is indicated by increase in the absorbance. Antioxidative contents can be simply and 

directly measured by this method [156]. 

4.4.2.4 Total Phenolic Contents 

Very important constituents (secondry metabolites) of the plants are phenols and 

flavonoids as they contain hydroxyl groups so take part in radical scavenging. Free 

radical chain reaction can be inhibited by donation of hydrogen from phenols to free 

radicals. Phenolics have direct contribution in antioxidative action. In humans, 

polyphenolic compounds inhibit carcinogenesis and mutagenesis. Therefore, herb/plant 

extract’s antioxidant activities are described by their total phenolic contents [157]. Such 

compounds play key role in the defense functions in plants. Their synthesis depends upon 

humidity, temperature, light, hormones, degree of ripening, neutrients and germination 

[158, 159]. In plants, variation in the antioxidative effects depends upon phenolics [160]. 

These exhibit antioxidative action because they inactivate lipid free radicals as well as 

prevent formation of free radicals from decomposition of the hydroperoxides [161, 162], 

these also take part in chelation of metal ions as well as protect from predators and 

pathogens [163]. Common flavonoids are anthocyanins, flavanones, flavanols, quercetin, 

flavones and flavonols. All these possess antioxidative effects in the biological systems, 

because these scaveng the free radicals and singlet oxygen [164]. Catechin and quercetin 

scaveng the ROS while p-coumaric acids break chains and inhibit free radical generation. 
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In addition to all these compounds, organic acids can also donate protons effectively 

[165]. Antioxidative effects of plant material always depend on phenolic contents [166]. 

Follin-Ciocalteu´s reagent (FC reagent) was used to determine total phenolic contents of 

plant fractions. Dissociation of phenolic compounds leads to formation of phenolate ion, 

which reacts with FC reagent, hence changing its colour to blue. The colour intensity 

depends on amount of phenolic compounds which was measured at 725nm on 

spectrophotometer. 

 

4.4.2.5 Ferric Thiocyanate (FTC) Assay 

This assay measures oxidative deterioration of linoleic acid i.e. formation of 

hydroperoxides. The reduction in peroxide level indicates the ability of the herb to 

minimize oxidative damage to some vital tissues in the body [167]. Generation of 

peroxide, during incubation of linoleic acid emulsion, at initial stage is measured by this 

assay. Peroxidation causes formation of cytotoxic compounds which disturb normal 

functions taking place in cell, as a result of which, modified or damaged DNA is formed. 

Oxygen reacts with unsaturated double bond on the lipid which results in generation of 

free radicals and lipid hydroperoxides. Hydrogen donating antioxidants can react with 

lipid peroxyl radicals and break the cycle of generation of new radicals. In this assay, 

ferrous chloride reacts with peroxide and ferric ions are formed which combine with 

ammonium thiocyanate and form a reddish pigment, ferric thiocyanate [168]. How the 

polyphenols inhibit lipid peroxidation is not clear yet [169]. In foods, many unsaturated 

lipids are present. Their auto-oxidation takes place by free radicals. Antioxidants 

terminate free radical chain of the oxidation process by donating hydrogen molecule from 

hydroxyl group of phenolic compounds. So, stable end product is formed which cease 

further oxidation of lipid [170]. 
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4.4.2.6 Antioxidant Potential of Rhynchosia pseudo-cajan 

4.4.2.6.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of R. pseudo-cajan were checked in this 

assay. Table 4.11 shows the values of DPPH radical scavenging by different fractions. 

Figure 4.3 showed that more the concentration of sample in the assay more will be % 

inhibition. Highest % inhibition was shown by EtOAc fraction. At concentration of 

125µg/ml, it exhibited 92.45 ± 0.98 % inhibition. The various concentrations of the 

fractions which showed percent inhibition greater than 50% were found to be significant 

(p < 0.05) as compared to blank.  

 

Fig: 4.3 

 

Table 4.12 shows the IC50 values, calculated for each fraction. As IC50 measures the 

concentration of sample which causes 50% inhibition of the DPPH radical so its lower 

value indicates the greater antioxidant potential. Lowest IC50 value (22.75 ± 0.27 µg/ml) 

was shown by EtOAc fraction, indicating that EtOAc fraction  had higher antioxidant 

activity, followed by n-BuOH fraction (55.86 ± 1.69 µg/ml), MeOH extract (60.08 ± 2.06 

µg/ml), aqueous fraction (122.94 ± 0.95 µg/ml), CHCl3 fraction (124.76 ± 2.85 µg/ml) 

and n-hexane fraction (167.32 ± 14.0 µg/ml), relative to the BHT which is a standard 

reference antioxidant which showed IC50 12.14 ± 0.92 µg/ml. The results have also been 
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represented in graphical form in figure 4.4. The IC50 values of MeOH extract, CHCl3 

fraction, EtOAc fraction, n-BuOH fraction and aqueous fraction were taken as significant 

(p < 0.05) while that of n-hexane fraction was considered non significant (p > 0.05) as 

compared to blank (180.54). 

 

 

Fig: 4.4 

 

4.4.2.6.2 Total Antioxidant Activity  

Table 4.12 shows values for the total antioxidant activities of the studied fractions. 

Highest value was shown by EtOAc fraction (1.946 ± 0.22). Values for total antioxidant 

activities of other fractions given in descending order as: n-BuOH fraction (1.470 ± 0.15), 

CHCl3 fraction (1.419 ± 0.03), n-hexane fraction (1.223 ± 0.07), MeOH extract (1.220 ± 

0.14), aqueous fraction (1.148 ± 0.10).  
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Fig: 4.5 

Total antioxidant activity value shown by the BHT was 1.22 ± 0.09. The results have also 

been represented in graphical form in figure 4.5. The total antioxidant activity shown by 

n-BuOH, EtOAc, CHCl3, n-hexane fraction and MeOH extract were considered as 

significant (p < 0.05) while that of aqueous fraction was non significant (p > 0.05) as 

compared to blank (1.12). 

4.4.2.6.3 FRAP Assay 

Table 4.12 shows FRAP values of studied fractions. CHCl3 fraction, EtOAc fraction, n-

BuOH fraction, MeOH extract and aqueous fraction exhibited good FRAP values i.e.  

119.6 ± 1.3, 348.24 ± 1.8, 108.87 ± 2.0, 639.66 ± 1.9 and 125.67 ± 1.5 TE μM/ml 

respectively. The value of blank was 20.54 ± 1.7. The data has also been represented in 

graphical form in figure 4.6. The crude MeOH extract exhibited a highest FRAP value 

showing a synergic effect of antioxidant constituents while n-hexane fraction expressed 

lowest FRAP value. Higher FRAP values were obtained for samples extracted in more 

polar solvents. High FRAP values obtained for more polar fractions may be ascribed 

partially to the presence of phenolic and flavonoid contents. The FRAP values of CHCl3 

fraction, EtOAc fraction, n-BuOH fraction, aqueous fraction and MeOH extract were 

found to be significant (p < 0.05) while that of n-hexane soluble fraction was found to be 

non significant (p > 0.05) comparative to blank. 
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Fig: 4.6 

 

 

4.4.2.6.4 Total Phenolic Contents 

Table 4.12 shows total phenolic contents of the studied fractions expressed as mg/g of 

gallic acid equivalents (GAE). Highest value was shown by EtOAc fraction i.e. 129.49 ± 

1.2 mg/g GAE followed by MeOH extract (108.95 ± 1.90 mg/g), CHCl3 fraction (102.82 

± 1.2 mg/g), n-BuOH fraction (92.36 ± 1.27 mg/g), aqueous fraction (85.69 ± 0.68 mg/g) 

and n-hexane fraction (76.00 ± 1.4 mg/g) respectively. The value of blank was 19.98 ± 

0.9. The data has also been represented in graphical form in figure 4.7. The values for the 

total phenolic contents of CHCl3 fraction, EtOAc fraction, n-BuOH fraction, aqueous 

fraction and MeOH extract were considered as significant (p < 0.05) while that of n-

hexane fraction were considered as non significant (p > 0.05) comparative to blank. 
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Fig: 4.7 

4.4.2.6.5 Ferric Thiocyanate Assay 

Table 4.12 shows values for the % inhibition of lipid peroxidation. The fractions which 

showed greater values of percent inhibition of lipid peroxidation might contain primary 

antioxidant compounds, which are able to react aggressively with free radicals, 

particularly hydroxyl radicals, thereby terminating the radical-chained reaction and 

retarding the formation of hydroperoxide. Highest percentage of inhibition of lipid 

peroxidation was exhibited by MeOH extract (54.48% ± 1.18), while n-hexane fraction 

had lowest percentage of inhibition of lipid peroxidation (38.63 % ± 0.62). CHCl3, 

EtOAc and n-BuOH fractions exhibited percent inhibition of lipid peroxidation nearly 

close to each other, i.e. 51.27% ± 0.70, 50.16% ± 1.2 and 53.16% ± 0.34 respectively 

while that of aqueous fraction was 42.32% ± 0.55. The inhibition of lipid peroxidation by 

BHT was 62.91% ± 0.60. The data has also been represented in graphical form in figure 

4.8. The results for percent inhibition of lipid peroxidation of CHCl3 fraction, EtOAc 

fraction, n-BuOH fraction and MeOH extract were found to be significant (p < 0.05) 

while that of n-hexane fraction and aqueous fraction were found to be non significant (p 

> 0.05) as compared to blank (32.43). 
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Fig: 4.8 

 

 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants.  It was also confirmed by the isolation 

of such compounds from CHCl3 fraction and EtOAc fraction of this plant. The good 

antioxidant potential of CHCl3 fraction was attributed to the presence of icosyl-p-

hydroxybenzoate, mupinensinone, alpinetin and pinostrobin while that of EtOAc fraction 

was attributed to the presence 4′,5,6-trihydroxy-7-methoxy flavone and 2′,4′,5,7-

tetrahydroxy isoflavone isolated from these fractions. 
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Table 4.11 DPPH radical scavenging activities of various fractions of Rhynchosia 

pseudo-cajan Cambess. 

Sr. 

No. 
Sample Concentration in Assay (µg/mL) 

%age Scavenging of DPPH radical 

± S.E.M
a)

 

1 MeOH extract 

500 

250 

125 

60 

30 

90.83 ±  1.98* 

79.09 ± 1.37* 

59.36 ±  1.63* 

49.29 ± 1.14 

40.54 ± 1.17 

2 n-Hexane fraction 

1000 

500 

250 

125 

60 

87.76 ± 0.84* 

74.51 ± 0.14* 

57.85 ± 0.17* 

47.40± 0.29 

38.16± 1.73 

3 CHCl3 fraction 

500 

250 

125 

60 

87.60 ± 0.73* 

66.83 ± 0.81* 

50.45 ± 0.87* 

41.23 ± 1.02 

4 EtOAc fraction 

125 

60 

30 

15 

8 

92.45 ± 0.98* 

75.63 ± 0.15* 

59.28 ± 0.68 

43.28 ± 0.63 

39.63 ± 1.8 

5 n-BuOH fraction 

250 

125 

60 

30 

15 

 

91.52 ± 0.68* 

72.54± 0.91* 

52.80 ± 0.29* 

43.15 ± 0.54 

38.07 ± 2.0 

6 Aqueous fraction 

500 

250 

125 

60 

89.32 ± 1.20* 

66.85 ± 1.6* 

51.62 ± 0.2* 

40.38 ± 0.79 

7 BHT
b) 

60 

30 

15 

8 

91.25 ± 0.13* 

75.56 ± 0.07* 

42.67 ± 0.04 

23.57 ± 0.31 

 

a) 
Standard error mean of three assays. 

b)
 Reference standard antioxidant 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.12. IC50, total antioxidant activity, FRAP values, total phenolics and lipid 

peroxidation inhibition values of different fractions of Rhynchosia pseudo-cajan 

Cambess. 

Sr. 

No. 
Sample 

IC50 (μg/mL) 

± S.E.M
 a)

 

Total 

antioxidant 

activity ± 

S.E.M
 a)

 

FRAP value 

TE (μM/ml) ± 

S.E.M
 a)

 

Total phenolics 

(GAE mg/g of 

sample)±S.E.M
a)

 

Inhibition of 

lipid 

Peroxidation 

1 
MeOH 

extract 
60.08 ± 2.06* 1.220 ± 0.14* 639.66 ± 1.9* 108.95 ± 1.90* 54.48 ± 1.18* 

2 

n-

Hexane 

fraction 

167.32 ±14.0 1.223 ± 0.07* 49.29 ± 1.7 76.00 ± 1.4 38.63 ± 0.62 

3 
CHCl3 

fraction 

124.76 ±  

2.85* 
1.419 ± 0.03* 119.6 ± 1.3* 102.82 ± 1.2* 51.27± 0.70* 

4 
EtOAc 

fraction 
22.75 ± 0.27* 1.946 ± 0.22* 348.24 ± 1.8* 129.49 ± 1.2* 50.16 ± 1.2* 

5 
n-BuOH 

fraction 
55.86 ± 1.69* 1.470 ± 0.15* 108.87 ± 2.0* 92.36 ± 1.27* 53.16 ± 0.34* 

6 
Aqueous 

fraction 
122.94 ± 0.95* 1.148 ± 0.10 125.67 ± 1.5* 85.69 ± 0.68* 42.32 ± 0.55 

7 BHT
 b) 

12.14 ± 0.92 1.22±0.09 - - 62.91 ±  0.60 
 

a) 
Standard error mean of three assays 

b)
 standard antioxidant 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

 

4.4.2.7 Antioxidant Potential of Pure Compounds Isolated from 

Rhynchosia pseudo-cajan 

The phytochemical investigation of the CHCl3 and EtOAc soluble fraction of Rhynchosia 

pseudo-cajan led to the isolation of eighteen compounds, namely; octadecane (1), 

triacontyl palmitate (2), heptatriacontyl benzoate (3), 1-hentriacontanol (4), 1-

heptatriacontanol (5), 14,20-dimethyl-1-heptacosanol (6), icosyl-p-hydroxy benzoate (7), 

β-sitosterol (8), stigmasterol (9), β-amyrin (10), mupinensisone (11), alpinetin (12), and 

pinostrobin (13), 3-oxoleane-9(11), 12-diene-30-oic acid (14), 4′,5,6-trihydroxy-7-

methoxy flavone (15), 2′,4′,5,7-tetrahydroxy isoflavone (16), β-sitosterol glucoside (17) 

and naringin (18). All the isolates (1-18) were studied for their antioxidant potential by 

the methods of DPPH radical scavenging activity, total antioxidant activity and FRAP 

assay. The results have been shown in table 4.13. 
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Among the pure compounds, icosyl-p-hydroxy benzoate (7), alpinetin (12), pinostrobin 

(13), 4′,5,6-trihydroxy-7-methoxy flavone (15) and 2′,4′,5,7-tetrahydroxy isoflavone (16) 

showed 81.72 %, 82.71%, 82.52%, 83.40 % and 88.83 % DPPH radical inhibition with 

IC50 value 65.11, 32.13, 32.64, 23.3 and 19.46 respectively relative to BHT (IC50 12.5). 

The results for total antioxidant activity indicated that icosyl-p-hydroxy benzoate (7), 

alpinetin (12), pinostrobin (13), 4′,5,6-trihydroxy-7-methoxy flavone (15) and 2′,4′,5,7-

tetrahydroxy isoflavone (16) showed good antioxidant values i.e. 0.62±0.08, 0.75±0.07, 

0.74±0.06, 0.79±0.06 and 0.88±0.07 respectively relative to BHT which showed total 

antioxidant activity 0.91±0.08. 

FRAP values of all the isolated compounds were also calculated. Icosyl-p-hydroxy 

benzoate (7), alpinetin (12), pinostrobin (13), 4′,5,6-trihydroxy-7-methoxy flavone (15) 

and 2′,4′,5,7-tetrahydroxy isoflavone (16) exhibited promising antioxidant power with 

FRAP values 169.49±0.85, 279.15±0.75, 275.54±0.81, 301.15±0.95 and 326.62±0.73 

(TE μM/mL) respectively compared to blank having value 20.54 ± 1.7.  

Among these compounds 2′,4′,5,7-tetrahydroxy isoflavone (16) exhibited highest activity 

because it contains four active hydroxyl groups. 

The antioxidant potential of icosyl-p-hydroxy benzoate (7), alpinetin (12), pinostrobin 

(13), 4′,5,6-trihydroxy-7-methoxy flavone (15) and 2′,4′,5,7-tetrahydroxy isoflavone (16) 

was found significant (p<0.05) when compared with the blank. 
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Table 4.13. DPPH radical scavenging activity, total antioxidant activity and FRAP values 

of various compounds isolated from Rhynchosia pseudo-cajan.  

Sr. 

No. 
Compounds 

DPPH radical scavenging activity Total 

antioxidant 

activity 

± S.E.Ma) 

FRAP values 

(TE μM/mL) 

± S.E.Ma) 

(% Inh.) 500 

μg/mL ± S.E.Ma) 

IC50 (μg/mL) ± 

S.E.Ma) 

1 Octadecane (1) 28.23±0.19 Nil 0.09±0.01 25.24±0.79 

2 Triacontyl palmitate (2) 32.45±0.77 Nil 0.13±0.02 30.54±1.28 

3 Heptatriacontyl benzoate 

(3) 

35.64±0.59 Nil 0.10±0.08 37.07±1.39 

4 1-Hentriacontanol (4) 29.72±0.61 Nil 0.24±0.15 31.49±0.31 

5 1-Heptatriacontanol (5) 31.97±0.43 Nil 0.22±0.13 42.63±1.88 

6 14,20-Dimethyl-1-

heptacosanol (6) 

28.12±0.90 Nil 0.16±0.06 39.15±0.78 

7 Icosyl –p-hydroxy 

benzoate (7) 

81.72±1.18* 65.11±1.18* 0.62±0.08* 169.49±0.85* 

8 β-Sitosterol (8) 26.11±0.64 Nil 0.18±0.04 33.18±0.70 

9 Stigmasterol (9) 34.09±0.28 Nil 0.21±0.17 48.46±0.38 

10 β -Amyrin(10) 37.33±0.42 Nil 0.25±0.05 49.22±1.16 

11 Mupinensisone (11) 30.92±0.22 Nil 0.11±0.02 29.16±0.73 

12 Alpinetin (12) 82.71±0.31* 32.13±0.20* 0.75±0.06* 279.32±1.97* 

13 Pinostrobin (13) 82.52±1.26* 32.64±0.54* 0.74±0.05* 276.87±1.22* 

14 3-Oxoleane-9(11), 12 

diene-30-oic acid (14) 

56.54±0.86 Nil 0.32±0.05 34.13±1.22 

15 4′,5,6-Trihydroxy-7-

methoxy flavone (15) 

83.40±1.05* 23.39±0.85* 0.79±0.16* 279.15±0.75* 

16 2′,4′,5,7-Tetrahydroxy 

isoflavone (16) 

88.83±0.32* 19.46±0.68* 0.88±0.19* 326.62±0.73* 

17 β-Sitosterol glucoside 

(17) 

35.96±0.27 Nil 0.20±0.02 38.49±0.65 

18 Naringin (18) 10.92±0.41 Nil 0.46±0.07 35.13±0.96 

19 BHT b) 91.65±0.73 12.56±0.71 0.91±0.16 - 
 

a) 
Standard mean error mean of three assays. 

b)
 Standard antioxidant 

*p< 0.05 comparative to blank (p<0.05 was considered as significant). 
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4.4.2.8 Antioxidant Potential of Colebrookia oppositifolia 

The aqueous and organic fractions of Colebrookia oppositifolia were evaluated for their 

antioxidant potential. The detail has been given as under. 

4.4.2.8.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of C. oppositifolia were checked in this 

assay. Table 4.14 shows the values of DPPH radical scavenging by different fractions. 

Figure 4.9 showed that higher the concentration of sample in the assay higher the 

percentage of inhibition. Higher % inhibition was shown by EtOAc fraction than other 

fractions. At concentration of 60µg/ml, it exhibited 83.43 ± 1.27 % inhibition (60µg/ml is 

critical concentration limit of EtOAc fraction). The various concentrations of the 

fractions which showed percent inhibition greater than 50% were found to be significant 

(p < 0.05) as compared to blank.  

 

Fig:4.9 

Table 4.15 shows the IC50 values. Lowest IC50 value was shown by EtOAc fraction i.e. 

27.2 ± 0.23. The IC50 values of aqueous fraction, n-BuOH fraction, CHCl3 fraction and n-

hexane fraction were 98.12 ± 1.96, 38.53 ± 0.86, 50.43 ± 0.79 and 557.32 ±6.55 relative 

to BHT which showed IC50 12.1 ± 0.92 µg/ml. The data has also been represented in 

graphical form in figure 4.10. The IC50 values of CHCl3 fraction, EtOAc fraction, n-
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BuOH fraction and aqueous fraction were considered as significant (p < 0.05) while that 

of n-hexane fraction was considered as non significant (p > 0.05) as compared to blank 

(569.99). 

 

Fig:4.10 

4.4.2.8.2 Total Antioxidant Activity  

Table 4.15 shows total antioxidant activities of different fractions. Highest total 

antioxidant activity was shown by CHCl3 fraction i.e. 0.711 ± 0.031. Total antioxidant 

activities of aqueous fraction, n-BuOH fraction and EtOAc fraction were 0.59 ± 0.04, 

0.417 ± 0.02 and 0.615 ± 0.009 respectively. The data has also been represented in 

graphical form in figure 4.11. 

 

Fig: 4.11 
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Lowest value was shown by n-hexane fraction (0.217 ± 0.01). BHT exhibited total 

antioxidant activity value 0.818 ± 0.09. The total antioxidant activities shown by n-

BuOH, EtOAc and CHCl3 fraction were considered as significant (p < 0.05) while that of 

aqueous and n-hexane fraction were non significant (p > 0.05) as compared to blank 

(0.189). 

4.4.2.8.3 Ferric Reducing Antioxidant Power (FRAP) Assay 

Table 4.15 shows the FRAP values of the studied fractions. Highest FRAP value was 

shown by EtOAc fraction i.e. 172.23 ± 1.66 TE µM/mL. FRAP values of n-BuOH and 

CHCl3 fraction were found close to each other i.e. 76.49 ± 1.44 TE µM/mL and  75.31 ± 

0.69 TE µM/mL respectively. Very poor FRAP values were shown by aqueous and n-

hexane fraction. The data has also been represented in graphical form in figure 4.12. The 

FRAP values shown by n-BuOH, EtOAc and CHCl3 fraction were considered as 

significant (p < 0.05) while that of aqueous and n-hexane fraction were non significant (p 

> 0.05) comparative to blank (9.65). 

  

Fig:4.12 

4.4.2.8.4 Total Phenolic Contents 

Table 4.15 shows total phenolic contents of different fractions. Highest value was shown 

by CHCl3 fraction i.e. 72.5 ± 0.34 GAE mg/g. Values shown by aqueous fraction, n-

BuOH fraction, EtOAc fraction and n-hexane fraction were 12.89 ± 0.23, 30.05 ± 1.18, 

54.17 ± 0.58 and 10.38 ± 2.0 GAE mg/g respectively. The data has also been represented 
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in graphical form in figure 4.13. The results shown by n-BuOH, EtOAc and CHCl3 

fraction were considered as significant (p < 0.05) while that of aqueous and n-hexane 

fraction were non significant (p > 0.05) comparative to blank (9.98). 

 

Fig:4.13 

4.4.2.8.5 Ferric Thiocyanate (FTC) Assay 

Table 4.15 shows the results for % inhibition of lipid peroxidation by different fractions. 

Highest value was shown by EtOAc fraction i.e. 57.61 ± 1.1 %. Lowest value was shown 

by n-hexane fraction (9.63 ± 0.72%). Aqueous fraction, n-BuOH fraction and CHCl3 

fraction showed values 11.3 ± 0.85%, 45.46 ± 0.74% and 52.21± 0.57% respectively. 

BHT showed peroxidation inhibiton 62.91 ± 0.60 %. The data has also been represented 

in graphical form in figure 4.14. The results shown by n-BuOH, EtOAc and CHCl3 

fraction were considered as significant (p < 0.05) while that of aqueous and n-hexane 

fraction were non significant (p > 0.05) as compared to blank (7.68). 

 

Fig:4.14 
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The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants.  It was also confirmed by the isolation 

of such compounds from CHCl3 fraction and EtOAc fraction of this plant. Many 

flavonoids isolated from EtOAc fraction such as negletein, 4-hydroxy benzoate, 

quercetin, 5,2',6'-Trihydroxy-7-methoxy flavone and 5,7,2'-Trihydroxyflavone-2'-O-

glucopyranoside supported this fact. 

 

Table 4.14. DPPH radical scavenging activities of different fractions of Colebrookia 

oppositifolia. 

Sr. 

No. 
Sample 

Concentration in 

Assay (µg/mL) 

%age Scavenging of 

DPPH radical 

± S.E.M
a)

 

1 n-Hexane fraction 

1000 

500 

250 

70.13 ± 0.43* 

48.58 ± 0.38 

35.6 ± 0.79 

2 CHCl3 fraction 

250 

125 

60 

83.08 ± 1.05* 

62.31 ± 1.17* 

37.03 ± 0.76 

3 EtOAc fraction 

60 

30 

15 

83.43 ± 1.27* 

56.05 ± 0.76* 

35.11 ± 0.30 

4 n-BuOH fraction 

125 

60 

30 

15 

91.46± 1.18* 

66.57 ± 1.30* 

41.49 ± 0.17 

21.24 ± 0.19 

5 Aqueous fraction 

500 

250 

125 

60 

90.63 ± 0.07* 

74.72 ± 1.85* 

55.11 ± 0.19* 

27.88 ± 0.54 

6 BHT
b) 

60 

30 

15 

8 

91.35 + 0.14* 

75.46 + 0.08* 

42.57 + 0.05 

23.47 + 0.34 

 

a) 
Standard error mean of three assays. 

b)
 Standard antioxidant 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.15. IC50, total antioxidant activity, FRAP values, total phenolics and lipid 

peroxidation inhibition values of different fractions of Colebrookia oppositifolia. 

Sr. 

No. 
Sample 

IC50; 

μg/mL 

Total 

antioxidant 

activity 

FRAP 

value TE 

(μM/ml) 

Total 

phenolics 

(GAE mg/g) 

Lipid 

peroxidation 

Inhibition (%) 

1 n-Hexane fraction 
557.32 

±6.55 
0.217 ± 0.01 

10.43 ± 

1.31 
10.38 ± 2 9.63 ± 0.72 

2 CHCl3 fraction 
50.43 ± 

0.79* 

0.711 ± 

0.031* 

75.31 ± 

0.69* 
72.5 ± 0.34* 52.21± 0.57* 

3 EtOAc fraction 
27.2 ± 

0.23* 

0.615 ± 

0.009* 

172.23 ± 

1.66* 
54.17 ± 0.58* 57.61 ± 1.1* 

4 n-BuOH fraction 
38.53 ± 

0.86* 

0.417 ± 

0.02* 

76.49 ± 

1.44* 
30.05 ± 1.18* 45.46 ± 0.74* 

5 Aqueous fraction 
98.12 ±  

1.96* 
0.59 ± 0.04* 

20.57 ± 

0.28 
12.89 ± 0.23 11.3 ± 0.85 

6 
BHT

 a) 

 

12.1 ± 

0.91 
0.818 ± 0.09 - - 62.91 ±  0.60 

All the results have been represented as standard mean error of three assays. 

a)
 Standard antioxidant 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

4.4.2.9 Antioxidant Potential of Pure Compounds Isolated from 

Colebrookia oppositifolia 

The phytochemical investigation of the CHCl3 and EtOAc soluble fraction of 

Colebrookia oppositifolia led to the isolation of eleven compounds, namely; 1-

pentacosanol (19), stigmast-7-ene-3-ol (20), 4-hydroxybenzoic acid (21), ursolic acid 

(22), triacontane (23), 1-triacontanol (24), betulonic acid (25), negletein (26), 5,2′,6′-

trihydroxy-7-methoxy flavone (27), 3,3′,4′,5,7-pentahydroxy flavone (quercetin) (28) and 

5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29). All the isolates (19-29) were 

studied for their antioxidant potential by the methods of DPPH radical scavenging 

activity, total antioxidant activity and FRAP assay. The results have been shown in table 

4.16. 

Amongst the pure compounds, 4-hydroxybenzoic acid (21), negletein (26), 5,2′,6′-

trihydroxy-7-methoxy flavone (27), 3,3′,4′,5,7-pentahydroxy flavone (quercetin) (28) and 

5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29) showed 75.18 % 80.11%, 
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84.13%, 89.61 % and 81.05 % DPPH radical inhibition with IC50 value 55.14, 43.12, 

29.91, 16.99 and 41.70 respectively, relative to butylated hydroxytoluene (BHT), (IC50 

12.58), a reference standard. 

Total antioxidant activity of the studied fractions was determined by 

phosphomolybdenum method. The results indicated that 4-hydroxybenzoic acid (21), 

negletein (26), 5,2′,6′-trihydroxy-7-methoxy flavone (27), 3,3′,4′,5,7-pentahydroxy 

flavone (quercetin) (28) and 5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29) 

showed good antioxidant values i.e. 0.60±0.08, 0.93±0.06, 1.37±0.08, 1.66±0.09 and 

0.95±0.04 respectively relative to BHT having total antioxidant activity 0.92±0.94. 

FRAP values of all the isolated compounds were calculated. 4-hydroxybenzoic acid (21), 

negletein (26), 5,2′,6′-trihydroxy-7-methoxy flavone (27), 3,3′,4′,5,7-pentahydroxy 

flavone (quercetin) (28) and 5,7,2′-trihydroxyflavone-2′-O-β-D-glucopyranoside (29) 

showed good FRAP values i.e. 97.07±1.86, 124.18±0.58, 146.48±0.90, 214.62±1.75 and 

131.58±0.93 TE μM/mL respectively. 

Among these compounds quercetin exhibited highest activity because it contains five 

active hydroxyl groups. 

The antioxidant potential of 4-hydroxybenzoic acid (21), negletein (26), 5,2′,6′-trihydroxy-

7-methoxy flavone (27), 3,3′,4′,5,7-pentahydroxy flavone (quercetin) (28) and 5,7,2′-

trihydroxyflavone-2′-O-β-D-glucopyranoside (29) was found significant (p<0.05) when 

compared with the blank. 
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Table 4.16. DPPH radical scavenging activity, total antioxidant activity and FRAP values 

of various compounds isolated from Colebrookia oppositifolia.  

Sr. 

No. 
Compounds 

DPPH radical scavenging activity Total 

antioxidant 

activity 

± S.E.M
a)

 

FRAP values 

(TE μM/mL) 

± S.E.M
a)

 
(% Inh.) 500 

μg/mL ± S.E.M
a)

 

IC50 (μg/mL) 

± S.E.M
a)

 

1 1-Pentacosanol (19) 27.09±0.54 Nil 0.19±0.02 23.70±0.43 

2 Stigmast-7-ene-3-ol (20) 31.45±0.75 Nil 0.24±0.03 37.59±1.49 

3 4-Hydroxybenzoic acid (21) 75.18±1.92* 55.14±0.76* 0.60±0.08* 97.07±1.86* 

4 Ursolic acid (22) 27.12±0.54 Nil 0.28±0.15 29.98±0.72 

5 Triacontane (23) 32.04±0.56 Nil 0.34±0.13 32.59±1.82 

6 1-Triacontanol (24) 26.11±0.75 Nil 0.23±0.04 33.10±0.65 

7 Betulonic acid (25) 21.72±1.96 Nil 0.37±0.08 30.43±0.39 

8 Negletein (26) 80.11±0.97* 43.12±0.58* 0.93±0.06* 124.18±0.58* 

9 5,2′,6′-Trihydroxy-7-methoxy 

flavone (27)  

84.13±0.74* 29.91±0.46* 1.37±0.08* 146.48±0.90* 

10 3,3′,4′,5,7-Pentahydroxy 

flavone (quercetin) (28) 

89.61±0.85* 16.99±0.69* 1.66±0.09* 214.62±1.75* 

11 5,7,2′-Trihydroxyflavone-2′-

O-β-D-glucopyranoside (29) 

81.05±0.83* 41.70±0.96* 0.95±0.04* 131.58±0.93* 

12 BHT
 b)

 91.74±0.52 12.58±0.60 0.92±0.94 - 
 

a) 
Standard mean error of three assays. 

b)
Reference standard 

*p< 0.05 when comparative to blank  (p<0.05 is taken as significant). 

 

4.4.2.10 Antioxidant Potential of Dodonaea viscosa 

4.4.2.10.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of D. viscosa were checked in this assay. 

Table 4.17 shows the values of DPPH radical scavenging by different fractions. Figure 

4.15 showed that higher the concentration of sample in the assay higher the percentage of 

inhibition. Higher % inhibition was shown by EtOAc fraction than other fractions. At 

concentration of 60µg/ml, it exhibited 81.14 ± 1.38% inhibition. The various 

concentrations of the fractions which showed percent inhibition greater than 50% were 

found to be significant (p < 0.05) as compared to blank.  
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Fig:4.15 

Table 4.18 shows IC50 values of studied fractions. Lowest IC50 was exhibited by EtOAc 

fraction i.e. 33.95 ± 0.58 µg/ml. n-BuOH fraction and CHCl3 fraction showed IC50 values 

close to each other i.e. 78.48 ± 0.47 and 79.42 ± 0.97 µg/ml respectively. IC50 values of 

aqueous fraction and n-hexane fraction were 189.28 ± 1.59 and 238.30 ± 1.89 µg/ml. 

BHT showed IC50 12.54 ± 0.89 µg/ml. The data has also been represented in graphical 

form in figure 4.16. The IC50 values shown by n-BuOH, EtOAc and CHCl3 fraction were 

considered as significant (p < 0.05) while that of aqueous and n-hexane fraction were non 

significant (p > 0.05) comparative to blank (243.55). 

 

Fig: 4.16 
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4.4.2.10.2 Total Antioxidant Activity  

Table 4.18 shows total antioxidant activities of different fractions. Highest total 

antioxidant activity was shown by CHCl3 fraction i.e. 1.078 ± 0.05. Total antioxidant 

activities shown by aqueous, n-BuOH and EtOAc fraction were 0.375 ± 0.02, 0.636 ± 

0.02 and 0.941 ± 0.03 respectively. Lowest value was shown by n-hexane fraction (0.356 

± 0.02). BHT showed total antioxidant activity value 1.219 ± 0.05. The data has also been 

represented in graphical form in figure 4.17. Total antioxidant activities shown by n-

BuOH, EtOAc and CHCl3 fraction were considered as significant (p < 0.05) while that of 

aqueous and n-hexane fraction were non significant (p > 0.05) as compared to blank 

(0.325). 

 

Fig: 4.17 

4.4.2.10.3 FRAP Assay 

Table 4.18 shows the FRAP values of studied fractions. Highest FRAP value was shown 

by EtOAc fraction i.e. 380.53 ± 0.74 TE µM/mL. FRAP values shown by aqueous, n-

BuOH and CHCl3 fraction were 89.54 ± 0.98, 234.40 ± 1.28 and 278.45 ± 0.72 TE 

µM/mL respectively. The data has also been represented in graphical form in figure 4.18. 

The FRAP values shown by aqueous, n-BuOH, EtOAc and CHCl3 fraction were 

considered as significant (p < 0.05) while that of n-hexane fraction was non significant (p 

> 0.05) comparative to blank. 
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Fig: 4.18 

4.4.2.10.4 Total Phenolic Contents 

Table 4.18 shows total phenolic contents of different fractions. Highest value was shown 

by EtOAc fraction i.e. 208.58 ± 1.83 GAE mg/g). n-BuOH and CHCl3 fraction showed 

values close to each other i.e. 132.76 ± 1.53 and 140.55 ± 1.21 GAE mg/g respectively. 

Aqueous fraction showed moderate value i.e.  95.17 ± 1.95 GAE mg/g. Very low value 

was shown by n-hexane fraction i.e. 28.23 ± 0.36 GAE mg/g. The data has also been 

represented in graphical form in figure 4.19. The results shown by aqueous, n-BuOH, 

EtOAc and CHCl3 fraction were considered as significant (p < 0.05) while that of n-

hexane fraction was non significant (p > 0.05) comparative to blank. 

 

 

Fig: 4.19 
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4.4.2.10.5 Ferric Thiocyanate Assay 

Table 4.18 shows the results of lipid peroxidation inhibition by various fractions. Highest 

value was shown by EtOAc fraction i.e. 58.11 ± 1.49% while lowest value was shown by 

n-hexane fraction (17.66 ± 0.87%). Aqueous, n-BuOH and CHCl3 fractions showed 

values 22.12 ± 0.76, 41.50 ± 0.46% and 49.37 ± 0.99% respectively. The value of 

peroxidation inhibition showed by BHT was 62.73 ± 0.96%. The data has also been 

represented in graphical form in figure 4.20. The results shown by n-BuOH, EtOAc and 

CHCl3 fraction were considered as significant (p < 0.05) while that of aqueous and n-

hexane fraction were non significant (p > 0.05) as compared to blank (15.24). 

 

 

Fig: 4.20 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants. 
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Table 4.17. DPPH radical scavenging activities of different fractions of Dodonaea 

viscosa Jacq. 

 

Sr.No. Sample 
Concentration in 

assay (μg/ml) 

% scavenging of DPPH ± 

S.E.M
a)

 

1 n-Hexane fraction 

500 

250 

125 

60 

67.14 ± 1.72* 

54.29 ± 1.25* 

40.01 ± 0.81 

30.71 ± 1.68 

2 CHCl3 fraction 

125 

60 

30 

78.14 ± 1.67* 

33.57 ± 1.22 

23.47 ± 1.81 

3 EtOAc fraction 

60 

30 

15 

81.14 ± 1.38* 

52.85 ± 1.55* 

22.14 ± 1.79 

4 n-BuOH fraction 

125 

60 

30 

75.71 ± 1.87* 

40.62 ± 0.99 

22.12 ± 1.21 

5 Aqueous fraction 

250 

125 

60 

57.85 ± 1.69* 

45.01 ± 0.81 

27.14 ± 0.46 

6 BHT
b)

 

60 

30 

15 

8 

91.35 ± 0.14* 

75.46 ±0.08* 

42.57 ± 0.05 

23.47 ± 0.34 

 

a) 
All results are presented as standard error mean of three assays. 

b)
 Standard antioxidant. 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.18. IC50, total phenolics, total antioxidant activity, FRAP values and lipid 

peroxidation inhibition values of different fractions of Dodonaea viscosa Jacq. 

 

Sr. 

No. 
Sample 

IC50 

(μg/mL) 

Total 

antioxidant 

activity 

FRAP 

value (TE 

M/mL) 

Total 

phenolics 

(GAE mg /g) 

Inhibition of 

lipid 

peroxidation (%) 

1 
n-Hexane 

fraction 

238.30 ± 

1.89 
0.356 ± 0.02 

40.81 ± 

0.48 
28.23 ± 0.36 17.66 ± 0.87 

2 CHCl3 fraction 
79.42 ± 

0.97* 

1.078 ± 

0.05* 

278.45 ± 

0.72* 

140.55 ± 

1.21* 
49.37 ± 0.99* 

3 EtOAc fraction 
33.95 ± 

0.58* 

0.941 ± 

0.03* 

380.53 ± 

0.74* 

208.58 ± 

1.83* 
58.11 ± 1.49* 

4 
n-BuOH 

fraction 

78.48 ± 

0.47* 

0.636 ± 

0.02* 

234.40 ± 

1.28* 

132.76 ± 

1.53* 
41.50 ± 0.46* 

5 
Aqueous 

fraction 

189.28 ± 

1.59* 
0.375 ± 0.02 

89.54 ± 

0.98* 
95.17 ± 1.95* 22.12 ± 0.76 

6 BHT
 a) 12.54 ± 

0.89 
1.219 ± 0.05 - - 62.73 ±  0.96 

7 Blank
 

- - 23.19 16.85 - 

All results are presented as mean ± standard mean error of three assays. 

a)
 Standard reference BHT 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

4.4.2.11 Antioxidant Potential of Cotinus coggyria 

4.4.2.11.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of C. coggyria were checked in this assay. 

Table 4.19 shows the values of DPPH radical scavenging by different fractions. Figure 

4.21 showed that higher the concentration of sample in the assay higher the percentage of 

inhibition. Highest % inhibition was shown by EtOAc fraction. At concentration of 

30µg/ml, it exhibited 81.64 ± 1.29% inhibition. The various concentrations of the 

fractions which showed percent inhibition greater than 50% were found to be significant 

(p < 0.05) as compared to blank.  
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Fig:4.21 

 

Table 4.20 shows IC50 values of studied fractions. Lowest IC50 was shown by EtOAc 

fraction i.e. 15.58 ± 0.09. IC50 values shown by aqueous, n-BuOH, EtOAc, CHCl3 and n-

hexane fraction were 59.58 ± 0.84, 58.32 ± 0.71, 52.30 ± 0.43 and 147.29 ± 1.18 µg/ml 

respectively. BHT showed IC50 12.6 ± 0.85µg/ml. The data has also been represented in 

graphical form in figure 4.22. IC50 values shown by aqueous, n-BuOH, EtOAc and 

CHCl3 fraction were considered as significant (p < 0.05) while that of n-hexane fraction 

was non significant (p > 0.05) as compared to blank (156.77). 

 

Fig:4.22 
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4.4.2.11.2 Total Antioxidant Activity  

Table 4.20 presents results for total antioxidant activities of different fractions. From the 

results it was inferred that highest value of total antioxidant activity was shown by EtOAc 

fraction i.e. 1.02 ± 0.05. Aqueous, n-BuOH and CHCl3 fraction exhibited values 0.629 ± 

0.03, 0.766 ± 0.04 and 0.856 ± 0.05 respectively. BHT showed value 1.118 ± 0.05. The 

data has also been represented in graphical form in figure 4.23. The results shown by n-

BuOH, EtOAc and CHCl3 fraction were considered as significant (p < 0.05) while that of 

aqueous and n-hexane fraction were non significant (p > 0.05) as compared to blank 

(0.457). 

 

Fig:4.23 

 

4.4.2.11.3 FRAP Assay 

Table 4.20 presents FRAP values of different fractions. Highest FRAP value was shown 

by EtOAc fraction i.e. 697.76 ± 1.98 TE µM/mL. n-BuOH and CHCl3 fraction also 

showed good FRAP values i.e. 591.39 ± 1.47 and 476.88 ± 1.89 TE µM/mL and  TE 

µM/mL respectively. The FRAP value for aqueous fraction was found to be 213.59 ± 

0.29 TE µM/mL whereas that of n-hexane fraction was found to be lowest (136.57 ± 

1.93). The value of blank was observed to be 75.19 ± 1.64 TE µM/mL. The data has also 

been represented in graphical form in figure 4.24. The FRAP values shown by n-BuOH, 
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EtOAc and CHCl3 fraction were considered as significant (p < 0.05) while that of 

aqueous and n-hexane fraction were non significant (p > 0.05) comparative to blank. 

 

Fig: 4.24 

 

4.4.2.11.4 Total Phenolic Contents 

Table 4.20 shows total phenolic contents of different fractions. Highest value was shown 

by EtOAc fraction i.e. 229.34 ± 0.57 GAE mg/g. Aqueous, n-BuOH and CHCl3 fraction 

exhibited values 98.62 ± 0.91, 174.83 ± 1.86 and 147.24 ± 0.38 GAE mg/g respectively. 

The value of blank was found to be 25. 69 ± 1.08. The data has also been represented in 

graphical form in figure 4.25. The results shown by n-BuOH, EtOAc and CHCl3 fraction 

were considered as significant (p < 0.05) while that of aqueous and n-hexane fraction 

were non significant (p > 0.05) comparative to blank. 

 

Fig: 4.25 
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4.4.2.11.5 Ferric Thiocyanate Assay 

Table 4.20 shows the results of lipid peroxidation inhibition by various fractions. Highest 

was shown by EtOAc fraction i.e 61.41 ± 1.16%.  Lowest value was shown shown by n-

hexane fraction i.e. 12.83 ± 0.79%. Values shown by aqueous, CHCl3 and n-BuOH were 

21.3 ± 0.86%, 49.16 ± 0.73% and 53.52± 0.59% respectively. Value shown by BHT was 

62.96% ± 0.99. The data has also been represented in graphical form in figure 4.26. The 

results shown by n-BuOH, EtOAc and CHCl3 fraction were considered as significant (p < 

0.05) while that of aqueous and n-hexane fraction were non significant (p > 0.05) as 

compared to blank (10.40). 

 

 

 

Fig: 4.26 

 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants. 
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Table 4.19. DPPH radical scavenging activities of different fractions of Cotinus coggyria 

Scop. 

 

Sr. 

No. 
Sample 

Concentration in 

Assay (µg/mL) 

%age Scavenging of DPPH 

radical 

± S.E.M
a)

 

1 n-Hexane fraction 

250 

125 

60 

70.08 ± 0.53* 

52.71 ± 0.48* 

26.13 ± 0.8 

2 CHCl3 fraction 

125 

60 

30 

15 

75.18 ± 1.07* 

55.71 ± 1.19* 

37.14 ± 0.86 

27.43 ± 0.38 

3 EtOAc fraction 

30 

15 

8 

81.64 ± 1.29* 

57.14 ± 0.96* 

26.12 ± 0.37 

4 n-BuOH fraction 

125 

60 

30 

79.27 ± 1.28* 

57.96 ± 1.33* 

21.76 ± 0.22 

5 Aqueous fraction 

125 

60 

30 

70.71 ± 0.08* 

53.12 ± 1.66* 

29.27 ± 0.2 

6 BHT
b) 

60 

30 

15 

8 

92.36 ± 0.17 

74.45 ± 0.28 

43.17 ± 0.08 

24.46 ± 0.35 
 

 

a) 
Standard error mean of three assays. 

b)
 Standard reference. 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.20. IC50, total antioxidant activity, FRAP values, total phenolics and lipid 

peroxidation inhibition values of different fractions of Cotinus coggyria Scop. 

 

Sr. 

No. 
Sample 

IC50 

(μg/ml) 

± S.E.M
 a)

 

Total 

antioxidant 

activity ± 

S.E.M
 a)

 

FRAP value 

(TE μM/ml) 

± S.E.M
 a)

 

Total phenolics 

(GAE mg/g) ± 

S.E.M
 a)

 

Inhibition of 

lipid 

peroxidation 

(%) ± S.E.M
 a)

 

1 
n-Hexane 

fraction 

147.29 ± 

1.18 
0.514 ± 0.02 136.57 ± 1.93 39.41 ± 1.77 12.83 ± 0.79 

2 
CHCl3 

fraction 

52.30 ± 

0.43* 
0.856 ± 0.03* 

476.88 ± 

1.89* 
147.24 ± 0.38* 53.52± 0.59* 

3 
EtOAc 

fraction 

15.58 ± 

0.09* 
1.02 ± 0.05* 

697.76 ± 

1.98* 
229.34 ± 0.57* 61.41 ± 1.16* 

4 
n-BuOH 

fraction 

58.32 ± 

0.71* 
0.766 ± 0.04* 

591.39 ± 

1.47* 
174.83 ± 1.86* 49.16 ± 0.73* 

5 
Aqueous 

fraction 

59.58 ±  

0.84* 
0.629 ± 0.03 213.59 ± 0.29 98.62 ± 0.91* 21.3 ± 0.86 

6 BHT
 b) 

12.6 ± 0.85 1.118 ± 0.05 - - 62.96 ±  0.99 

 

a) 
Standard error mean of three assays 

b)
 Standard reference 

*p< 0.05 comparative blank (p<0.05 was consisered as significant). 

 

4.4.2.12 Antioxidant Potential of Fumaria indica 

4.4.2.12.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of F. indica were checked in this assay. 

Table 4.21 shows the values of DPPH radical scavenging by different fractions. Figure 

4.27 showed that higher the concentration of sample in the assay higher the percentage of 

inhibition. Highest % inhibition was shown by EtOAc fraction. At concentration of 

250µg/ml, it exhibited 83.41 ± 1.23% inhibition. The various concentrations of the 

fractions which showed percent inhibition greater than 50% were found to be significant 

(p < 0.05) as compared to blank.  



Results and Discussion    

 

 163 

 

Fig: 4.27 

Table 4.22 shows IC50 values of different fractions. Lowest IC50 value was shown by 

EtOAc fraction i.e. 79.15 ± 0.87µg/ml. Aqueous, n-BuOH and CHCl3 fraction exhibited 

values  217.27 ± 1.42, 169.47 ± 1.39 and 141.04 ± 1.78 µg/ml respectively. The IC50 

value was not detected in n-hexane soluble fraction. Ascorbic acid, a reference standard, 

showed IC50 58.9 ± 0.97 µg/ml. The data has also been represented in graphical form in 

figure 4.28. The IC50 values shown by n-BuOH, EtOAc and CHCl3 fraction were 

considered as significant (p < 0.05) while that of aqueous and n-hexane fraction were non 

significant as compared to blank (267.66). 

 

Fig: 4.28 
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4.4.2.12.2 Total Antioxidant Activity  

Table 4.22 shows the results of total antioxidant activities of different fractions. Highest 

value was shown by EtOAc fraction i.e. 1.029 ± 0.06. Aqueous, n-BuOH and CHCl3 

fraction exhibited values 0.523 ± 0.03, 0.741 ± 0.04 and 0.839 ± 0.06 respectively. 

Lowest value was shown by n-hexane fraction (0.316 ± 0.02). BHT showed value 1.22 ± 

0.06. The data has also been represented in graphical form in figure 4.29. The total 

antioxidant activity shown by n-BuOH, EtOAc and CHCl3 fraction was considered as 

significant (p < 0.05) while that of aqueous and n-hexane fraction were non significant (p 

> 0.05) as compared to blank (0.287). 

 

 

Fig: 4.29 

 

4.4.2.12.3 FRAP Assay 

Table 4.22 presents the FRAP values of studied fractions. Highest FRAP value was 

exhibited by EtOAc fraction i.e. 249.66 ± 1.83 TE M/mL. FRAP values shown by n-

BuOH fraction (178.43 ± 1.41 TE M/mL) and CHCl3 fraction (148.52 ± 1.69 TE 

M/mL) were also found good. Very poor FRAP values were shown by aqueous and n-

hexane fraction i.e. 32.64 ± 0.95 and 35.71 ± 0.98 TE M/mL respectively. The data has 

also been represented in graphical form in figure 4.30. The FRAP values shown by n-
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BuOH, EtOAc and CHCl3 fraction was considered as significant (p < 0.05) while that of 

aqueous and n-hexane fraction were non significant (p > 0.05) comparative to blank. 

 

Fig: 4.30 

 

4.4.2.12.4 Total Phenolic Contents 

Table 4.22 presents the results for total phenolic contents of different fractions. Highest 

value was shown by EtOAc fraction i.e. 123.23 ± 0.41 GAE mg/g. Aqueous, n-BuOH 

and CHCl3 fraction exhibited values 46.58 ± 0.61, 96.37 ± 0.83 and 104.18 ± 1.94 GAE 

mg/g respectively. Lowest value was shown by n-hexane fraction i.e. 29.14 ± 0.68 GAE 

mg/g. The data has also been represented in graphical form in figure 4.31.  

 

Fig: 4.31 
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The results shown by n-BuOH, EtOAc and CHCl3 fraction was considered as significant 

(p < 0.05) while that of aqueous and n-hexane fraction were non significant (p > 0.05) 

comparative to blank. 

4.4.2.12.6 Ferric Thiocyanate Assay 

Table 4.22 presents the results of % inhibition of lipid peroxidation. Highest value was 

shown by EtOAc fraction i.e. 51.16 ± 1.48%. Lowest value was shown by n-hexane 

fraction (8.57 ± 0.08%). Aqueous, n-BuOH and CHCl3 fraction exhibited values 18.22 ± 

0.63%, 36.52 ± 0.69% and 43.27 ± 0.75% respectively. BHT exhibited value 62.96 ± 

1.18%.The data has also been represented in graphical form in figure 4.32. The results 

shown by n-BuOH, EtOAc and CHCl3 fraction was considered as significant (p < 0.05) 

while that of aqueous and n-hexane fraction were non significant (p > 0.05) as compared 

to blank (7.49). 

 

Fig: 4.32 

 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants. 
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Table 4.21. DPPH radical scavenging activity of different fractions of Fumaria indica 

Pugsley. 

 

Sr.No. Sample 
Concentration in 

assay (μg/ml) 

% scavenging of DPPH ± 

S.E.M
a)

 

1 
n-Hexane 

fraction 

1000 

500 

250 

29.28 ± 0.15 

18.46 ± 0.09 

5.30 ± 0.04 

2 CHCl3 fraction 

500 

250 

125 

60 

73.87 ± 1.71* 

59.28 ± 1.23* 

45.19 ± 0.91 

25.85 ± 0.35 

3 EtOAc fraction 

250 

125 

60 

30 

83.41 ± 1.23* 

67.16 ± 1.63* 

32.86 ± 1.58 

24.31 ± 0.88 

4 
n-BuOH 

fraction 

250 

125 

60 

68.03 ± 0.96* 

45.58 ± 0.67 

17.99 ± 0.44 

5 
Aqueous 

fraction 

1000 

500 

250 

125 

76.48 ± 1.49* 

58.57 ± 0.76* 

53.43 ± 0.61 

45.71 ± 0.54 

6 Ascorbic acid
b)

 

125 

60 

30 

79.45 ± 0.25* 

59.09 ±0.39* 

30.11 ± 0.55 

 

a) 
standard mean error of three assays. 

b)
 Standard antioxidant. 

*p < 0.05 comparative to blank i.e. negative control i.e. (p<0.05 was considered 

as significant). 
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Table 4.22. IC50, total phenolics, total antioxidant activity, FRAP values and lipid 

peroxidation inhibition values of different fractions of Fumaria indica Pugsley. 

Sr. 

No

. 

Sample 
IC50 

(μg/mL) 

Total 

antioxidant 

activity 

FRAP 

value (TE 

M/mL) 

Total 

phenolics 

(GAE mg /g) 

Inhibition of 

lipid 

peroxidation 

(%) 

1 
n-Hexane 

fraction 
- 0.316 ± 0.02 35.71 ± 0.98 29.14 ± 0.68 8.57 ± 0.08 

2 
CHCl3 

fraction 

141.04 ± 

1.78* 
0.839 ± 0.05* 

148.52 ± 

1.69* 

104.18 ± 

1.94* 
43.27 ± 0.75* 

3 
EtOAc 

fraction 

79.15 ± 

0.87* 
1.029 ± 0.06* 

249.66 ± 

1.83* 

123.23 ± 

0.41* 
51.16 ± 1.48* 

4 
n-BuOH 

fraction 

169.47 ± 

1.39* 
0.741 ± 0.04* 

178.43 ± 

1.41* 

96.37 ± 

0.83* 
36.52 ± 0.69* 

5 
Aqueous 

fraction 

217.27 ± 

1.42 
0.523 ± 0.03 32.64 ± 0.95 46.58 ± 0.61 18.22 ± 0.63 

6 
Ascorbic 

acid
 a)

 
58.9 ± 0.97 - - - - 

7 BHT
 a) 

12.9 ± 0.87 1.22 ± 0.06 - - 62.96 ± 1.18 

8 Blank
 

- - 22.73 14.96 - 

 
All results are presented as mean ± standard mean error of three assays. 

a) Standard antioxidant 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

4.4.2.13 Antioxidant Potential of Dicliptera bupleuroides 

4.4.2.13.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of D. bupleuroides were checked in this 

assay. Table 4.23 shows the values of DPPH radical scavenging by different fractions. 

Figure 4.33 showed that higher the concentration of sample in the assay higher the 

percentage of inhibition. Highest % inhibition was shown by CHCl3 fraction. At 

concentration of 250µg/ml, it exhibited 81.28 ± 1.78 % inhibition. EtOAc fraction also 

showed good scavenging activity close to CHCl3 fraction. The data has also been 

represented in graphical form in figure 4.31. The various concentrations of the fractions 

which showed percent inhibition greater than 50% were found to be significant (p < 0.05) 

as compared to blank.  
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Fig:4.33 

Table 4.24 shows the IC50 values of different fractions. CHCl3 fraction and EtOAc 

fraction showed good IC50 values very near to each other i.e. 108.82 ± 1.14 and 110.58 ± 

0.60 respectively. n-BuOH fraction showed moderate IC50 value i.e. 170.93 ± 1.79. Very 

poor IC50 values were shown by aqueous and n-hexane fraction. Ascorbic acid, a 

reference standard, showed IC50 value 58.9 ± 0.97 µg/ml. The data has also been 

represented in graphical form in figure 4.34. The IC50 values shown by n-BuOH, EtOAc 

and CHCl3 fraction was considered as significant (p < 0.05) while that of aqueous and n-

hexane fraction were non significant (p > 0.05) as compared to blank (565.98). 

 

Fig: 4.34 
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4.4.2.13.2 Total Antioxidant Activity  

Table 4.24 shows total antioxidant activities of the studied fractions. Highest value was 

shown by EtOAc fraction i.e. 1.149 ± 0.05. n-BuOH and CHCl3 fraction showed values 

0.776 ± 0.04 and 0.934 ± 0.05 respectively. Aqueous and n-hexane fraction showed very 

less values (0.295 ± 0.02 and 0.352 ± 0.02 respectively). BHT showed value as 1.22 ± 

0.04. The data has also been represented in graphical form in figure 4.35. The results 

shown by n-BuOH, EtOAc and CHCl3 fraction was considered as significant (p < 0.05) 

while that of aqueous and n-hexane fraction were non significant (p > 0.05) as compared 

to blank (0.276). 

 

Fig: 4.35 

4.4.2.13.3 FRAP Assay 

Table 4.24 shows the FRAP values of studied fractions. Good FRAP values  were 

exhibited by EtOAc and CHCl3 fraction i.e. 213.43 ± 1.16 and 227.56 ± 1.27 TEM/mL 

respectively. Moderate FRAP value was shown by n-BuOH fraction i.e. 170.36 ± 0.91 

TEM/mL. Poor FRAP values were shown by aqueous and n-hexane fraction i.e. 34.12 

± 0.59 and 45.51 ± 0.78 TE M/mL. The data has also been represented in graphical form 

in figure 4.36. The FRAP values shown by n-BuOH, EtOAc and CHCl3 fraction was 

considered as significant (p < 0.05) while that of aqueous and n-hexane fraction were non 

significant (p > 0.05) comparative to blank (22.73). 
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Fig: 4.36 

 

4.4.2.13.4 Total Phenolic Contents 

Table 4.24 shows total phenolic contents of the studied fractions. EtOAc and CHCl3 

fraction showed good values i.e. 115.16 ± 1.09 and 123.17 ± 1.33 GAE mg/g. Moderate 

value was shown by n-BuOH fraction (68.34 ± 0.96 GAE mg/g). Very poor values were 

shown by aqueous and n-hexane fraction i.e. 43.27 ± 0.82 and 33.67 ± 0.91, and GAE 

mg/g. The data has also been represented in graphical form in figure 4.37. The results 

values shown by n-BuOH, EtOAc and CHCl3 fraction was considered as significant (p < 

0.05) while that of aqueous and n-hexane fraction were non significant (p > 0.05) 

comparative to blank (14.96). 

 

Fig: 4.37 
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4.4.2.13.5 Ferric Thiocyanate Assay 

In the FTC assay (table 4.24), chloroform fraction and ethyl acetate fraction showed good 

values of percentage of inhibition of lipid peroxidation nearly equal to each other i.e. 

42.17 ± 0.79% and 41.14 ± 1.46% respectively, while n-hexane fraction, n-butanol 

fraction and aqueous fractions exhibited very low values of percent inhibition of lipid 

peroxidation i.e. 10.51 ± 0.98%, 21.52 ± 0.56% and 15.18 ± 0.87% respectively. The 

inhibition of lipid peroxidation by BHT was found to be 62.96 ± 1.18%. The data has 

also been represented in graphical form in figure 4.38. The results shown by EtOAc and 

CHCl3 fraction was considered as significant (p < 0.05) while that of aqueous, n-BuOH 

and n-hexane fraction were non significant (p > 0.05) as compared to blank (9.54). 

 

 

Fig: 4.38 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants. 
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Table 4.23. DPPH radical scavenging activity of the various fractions of Dicliptera 

bupleuroides Nees. 

 

Sr. 

No. 
Sample 

Concentration in assay 

(μg/ml) 

% scavenging of DPPH ± 

S.E.M 

1 
n-Hexane 

fraction 

500 

250 

125 

53.57 ± 1.63* 

39.28 ± 1.36 

31.42 ± 0.92 

2 CHCl3 fraction 

250 

125 

60 

30 

81.28 ± 1.78* 

65.14 ± 1.33* 

39.28 ± 1.91 

22.11 ± 1.86 

3 EtOAc fraction 

500 

250 

125 

60 

80.42 ± 1.49* 

67.85 ± 1.66* 

54.28 ± 1.75* 

39.87 ± 1.69 

4 n-BuOH fraction 

250 

125 

60 

70.02 ± 1.98* 

63.57 ± 0.71* 

15.09 ± 1.27 

5 Aqueous fraction 

1000 

500 

250 

51.42 ± 1.58* 

35.71 ± 0.74 

26.42 ± 0.57 

6 
Ascorbic acid

a)
 

 

125 

60 

30 

79.45 ± 0.25 

59.09 ±0.39 

30.11 ± 0.55 

 

 

All results are presented as mean  ± standard mean error of three assays. 
a)

 Standard antioxidant. 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.24. IC50, total phenolics, total antioxidant activity, FRAP values and lipid 

peroxidation inhibition values of different fractions of Dicliptera bupleuroides Nees. 

 

Sr. 

No. 
Sample 

IC50 

(μg/mL) 

Total 

antioxidant 

activity 

FRAP value 

(TE M/mL) 

Total 

phenolics 

(GAE mg /g) 

Inhibition of 

lipid 

peroxidation 

(%) 

1 
n-Hexane 

fraction 

443.62 ± 

1.96 
0.352 ± 0.02 45.51 ± 0.78 33.67 ± 0.91 

 

10.51 ± 0.98 

2 
CHCl3 

fraction 

108.82 ± 

1.14* 
0.934 ± 0.05* 

227.56 ± 

1.27* 
123.17 ± 1.33* 42.17 ± 0.79* 

3 
EtOAc 

fraction 

110.58 ± 

0.60* 
1.149 ± 0.05* 

213.43 ± 

1.16* 
115.16 ± 1.09* 41.14 ± 1.46* 

4 
n-BuOH 

fraction 

170.93 ± 

1.79* 
0.776 ± 0.04* 

170.36 ± 

0.91* 
68.34 ± 0.96* 21.52 ± 0.56 

5 

Aqueous 

fraction 

 

- 0.295 ± 0.02 34.12 ± 0.59 43.27 ± 0.82 15.18 ± 0.87 

6 
Ascorbic 

acid
 a)

 

58.9 ± 

0.97 
- - - - 

7 BHT
 a) 12.8 ± 

0.99 
1.22 ± 0.04 - - 62.96 ±  1.18 

8 Blank
 565.98 0.276 22.73 14.96 9.54 

 
All results are presented as mean ± standard mean error of three assays. 

a)
Standard antioxidant 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

4.4.2.14 Antioxidant Potential of Curcuma zedoaria 

4.4.2.14.1 DPPH Radical Scavenging Activity 

The antiradical activities of different fractions of C. zedoaria were checked in this assay. 

Table 4.25 shows the values of DPPH radical scavenging by different fractions. Figure 

4.39 showed that higher the concentration of sample in the assay higher the percentage of 

inhibition. Highest % inhibition was shown by CHCl3 fraction. At concentration of 

250µg/ml, it exhibited 67.97 ± 1.06 % inhibition. The various concentrations of the 

fractions which showed percent inhibition greater than 50% were found to be significant 

(p < 0.05) as compared to blank. EtOAc fraction showed moderate scavenging activity 

while all remaining fraction didn’t show good activity. 
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Fig: 4.39 

CHCl3 fraction showed lowest IC50 value (117.08 ± 0.71) while EtOAc fraction showed 

IC50 value 194.22 ± 0.38 relative to ascorbic acid, a reference standard, having IC50 of 

58.9 ± 0.97 µg/ml. IC50 was not detected in aqueous, n-BuOH and n- hexane fraction 

(table 4.26). The data has also been represented in graphical form in figure 4.40. The IC50 

values shown by EtOAc and CHCl3 fraction was considered as significant (p < 0.05) 

while that of aqueous, n-BuOH and n-hexane fraction were non significant (p > 0.05) as 

compared to blank (655.23). 

 

Fig: 4.40 
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4.4.2.14.2 Total Antioxidant Activity  

Table 4.26 shows results for total antioxidant activities of different fractions. Highest 

value was shown by CHCl3 fraction i.e.1.358 ± 0.04. EtOAc fraction also displayed good 

value (1.280 ± 0.03). Poor results were shown by aqueous fraction (0.372 ± 0.02), n-

BuOH fraction (0.474 ± 0.02) and n-hexane fraction (0.361 ± 0.02). BHT displayed value 

as 1.624 ± 0.03. The data has also been represented in graphical form in figure 4.41. The 

results shown by EtOAc and CHCl3 fraction was considered as significant (p < 0.05) 

while that of aqueous, n-BuOH and n-hexane fraction were non significant (p > 0.05) as 

compared to blank (0.313). 

 

Fig: 4.41 

4.4.2.14.3 FRAP Assay 

Table 4.26 the FRAP values of the studied fractions. Highest FRAP value was shown by 

CHCl3 fraction i.e. 291.25 ± 1.53 TE M/mL. EtOAc fraction also displayed good FRAP 

value as 182.19 ± 1.49 TE M/mL. Poor FRAP values were shown by aqueous, n-BuOH 

and n-hexane fraction i.e. 63.13 ± 1.31, 71.54 ± 1.15 and 40.36 ± 0.99 TE M/mL. The 

data has also been represented in graphical form in figure 4.42. The FRAP values shown 

by EtOAc and CHCl3 fraction was considered as significant (p < 0.05) while that of 

aqueous, n-BuOH and n-hexane fraction were non significant (p > 0.05) comparative to 

blank (34.11 ± 0.95). 
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Fig: 4.42 

4.4.2.14.4 Total Phenolic Contents 

Table 4.26 shows total phenolic contents of different fractions. Highest value was 

displayed by CHCl3 fraction i.e. 155.27 ± 1.36 GAE mg/g. EtOAc fraction also showed 

good value i.e. 126.35 ± 1.26 GAE mg/g. Values displayed by aqueous, n-BuOH and n-

hexane fraction were 25.86 ± 0.71, 63.51 ± 0.87 and 23.84 ± 0.56 GAE mg/g respectively 

which were not found good. The data has also been represented in graphical form in 

figure 4.43. The results shown by EtOAc and CHCl3 fraction was considered as 

significant (p < 0.05) while that of aqueous, n-BuOH and n-hexane fraction were non 

significant (p > 0.05) comparative to blank (21.17 ± 0.82). 

 

Fig:4.43 
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4.4.2.14.5 Ferric Thiocyanate Assay 

Table 4.26 shows values for % inhibition of lipid peroxidation by different fractions. 

Highest value was displayed by CHCl3 fraction i.e. 42.24 ± 0.53%. Moderate value was 

displayed by CHCl3 i.e. 37.63 ± 1.03%. Values shown by aqueous, n-BuOH and n-

hexane fraction were 8.32 ± 0.59%, 15.44 ± 0.57% and 4.13± 0.08% respectively which 

were not found good. BHT showed value as 62.73% ± 0.96. The data has also been 

represented in graphical form in figure 4.44. The results shown by EtOAc and CHCl3 

fraction was considered as significant (p < 0.05) while that of aqueous, n-BuOH and n-

hexane fraction were non significant (p > 0.05) as compared to blank (3.11). 

 

 

Fig: 4.44 

 

The fractions which showed good antioxidant potential contain active constituents such 

as phenolics and flavonoids as obvious from phytochemical screening tests. These 

compounds contain active hydroxyl groups so these have strong ability to donate 

hydrogen due to which these act as antioxidants. 
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Table 4.25. DPPH radical scavenging activities of different fractions of Curcuma 

zedoaria Roscoe. 

Sr. No. Sample 

Concentration 

in Assay 

(µg/mL) 

% Inhibition of DPPH 

radical ± S.E.M
a)

 

1 
n-Hexane 

fraction 

1000 

500 

250 

26.13 ± 0.78 

13.54 ± 0.39 

6.23 ± 0.74 

2 CHCl3 fraction 

250 

125 

60 

67.97 ± 1.06* 

53.57 ± 1.24 

32.85 ± 0.65 

3 EtOAc fraction 

250 

125 

60 

57.43 ± 1.26* 

43.57 ± 0.79 

22.85 ± 0.36 

4 
n-BuOH 

fraction 

1000 

500 

250 

40.52 ± 0.84 

25.12 ± 0.53 

19.09 ± 0.18 

5 
Aqueous 

fraction 

1000 

500 

250 

35.62 ± 0.77 

22.31 ± 1.69 

17.22 ± 0.28 

6 

Ascorbic acid
a)

 

 

125 

60 

30 

79.45 ± 0.25 

59.09 ±0.39 

30.11 ± 0.55 

All results are presented as mean  ± standard mean error of three assays. 
a)

 Standard antioxidant. 

*p < 0.05 comparative to blank i.e. negative control (p<0.05 was considered as 

significant). 
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Table 4.26. IC50, total antioxidant activity, FRAP values, total phenolics and lipid 

peroxidation inhibition values of different fractions of Curcuma zedoaria Roscoe. 

Sr. 

No. 
Sample 

IC50 

(μg/mL) 

Total 

antioxidant 

activity 

FRAP 

value TE 

(μM/ml) 

Total phenolics 

(GAE mg/g) 

Inhibition of lipid 

Peroxidation(%) 

1 
n-Hexane 

fraction 
- 0.361 ± 0.02 

63.13 ± 

1.31 
23.84 ± 0.56 4.13 ± 0.08 

2 
CHCl3 

fraction 

117.08 ± 

0.71* 

1.385 ± 

0.04* 

291.25 ± 

1.53* 
155.27 ± 1.36* 42.24± 0.53* 

3 
EtOAc 

fraction 

194.22± 

0.38* 

1.280 ± 

0.03* 

182.19 ± 

1.49* 
126.35 ± 1.26* 37.63 ± 1.03* 

4 
n-BuOH 

fraction 
- 0.474 ± 0.02 

71.54 ± 

1.15 
63.51 ± 0.87 15.44 ± 0.57 

5 
Aqueous 

fraction 
- 0.372 ± 0.02 

40.36 ± 

0.99 
25.86 ± 0.71 8.32 ± 0.59 

6 
Ascorbic acid

 

a)
 

58.9 ± 

0.97 
- - - - 

7 BHT
 a) 12.54 ± 

0.89 
1.624 ± 0.03 - - 62.73 ±  0.96 

All results are presented as mean ± standard mean error of three assays. 

a) Standard antioxidant 

*p< 0.05 comparative to blank i.e. negative control (p<0.05 was considered as significant). 

 

4.4.2.15 Antioxidant Potential of Syzygium aromaticum 

Investigations on the antioxidant potential of volatile oil of Syzygium aromaticum (clove) 

were done. Table 4.27 shows the values of DPPH radical scavenging by clove volatile 

oil. At concentration of 100µg/ml, it exhibited 89.86%± 0.3 % inhibition. The IC50 of the 

clove volatile oil was found to be 4.56 ± 1.07g/mL relative to BHT (IC50, 12.1 ± 0.92 

g/ml). Table 4.28 shows results for other antioxidant assays. Total antioxidant activity 

shown by clove volatile oil was 1.94 ± 0.2 while that of star anise volatile oil was 0.585 ± 

0.2. BHT displayed value as 1.893 ± 0.01. The FRAP value shown by clove volatile oil 

was 2830 ± 2.14 TE µM/ml. It displayed value of total phenolics as 934.34 ± 1.6 GAE 

mg/g. It also exhibited good percentage of inhibition of lipid peroxidation (66.63% ± 

0.41).  BHT displayed inhibition of lipid peroxidation as 62.91% ± 0.6. Overall 

antioxidant potential of clove volatile oil were very high, found even better than the BHT 

which is a reference standard. 
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4.4.2.16 Antioxidant Potential of Illicium verum 

Investigations on the antioxidant potential of volatile oil of Illicium verum (star anise) 

were done. Table 4.27 shows the values of DPPH radical scavenging by star anise 

volatile oil. At concentration of 500 µg/ml, it exhibited 86.16% ± 0.61 inhibition. The 

IC50 of the star anise volatile oil was found to be 120 ± 1.8µg/mL relative to BHT (IC50, 

12.1 ± 0.92 g/ml). Table 4.28 shows results for other antioxidant assays. Total 

antioxidant activity shown by star anise volatile oil was 0.585 ± 0.2. The FRAP value of 

star anise volatile oil was calculated as 388 ± 1.32 TE µM/ml. It showed number of total 

phenolics as 85.36 ± 0.28 GAE mg/g while its percentage of inhibition of lipid 

peroxidation was found to be 43.24% ± 0.48 relative to BHT (62.91% ± 0.6. Overall 

results of antioxidant potential of star anise volatile oil were found moderate as 

comparative to BHT. 

 

Table 4.27 DPPH radical scavenging activities of volatile oils of clove and star anise. 

S. 

No. 
Sample 

Concentration in Assay 

(g/mL) 

%age Scavenging of DPPH
•
  

S.E.M.
a
)                              

1 Clove  

100  

50 

25 

10 

89.86 ± 0.30 

75.58 ± 0.45 

59.02 ± 1.17 

49.48 ± 0.64 

2 Star anise  

500 

100 

50 

25  

86.16 ± 0.61 

61.61 ± 0.70 

48.28 ± 0.43 

23.73 ± 0.56 

3 BHT
 b
) 

500 

100 

50  

91.74 ± 0.62 

85.11 ± 0.25 

61.34 ± 0.36 
 

 

a
) Standard error meanof three assays.      

 
b
) Standard antioxidant 
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Table 4.28 IC50, total antioxidant activity, FRAP values, total phenolics and lipid 

peroxidation inhibition values of volatile constituents of clove and star anise. 

Sample 
IC50 

(g/mL) 

Total 

Antioxidant 

Activity 

FRAP 

value 

TE(M/ml) 

Total 

Phenolics 

(GAE mg/g) 

Inhibition of lipid 

peroxidation (%) 

Clove oil 4.56 ± 1.07 1.94 ± 0.2 2830 ± 2 934.34 ± 2 66.63 ± 0.41 

Star Anise oil 120 ± 1.8 0.585 ± 0.2 388 ± 2.32 85.36 ± 2 43.24 ± 0.48 

BHT
a)
 12.1 ± 0.92 1.893 ± 0.01 1238 ± 3.0 - 62.91 ± 0.6 

 
All results are presented as mean ± standard mean error of three assays.   
a)
Standard antioxidant 

 

4.4.3 ANTIBACTERIAL ACTIVITIES 

The bioactive molecules present in plants show effectiveness for inhibiting bacterial and 

fungal growth [171, 172]. The substances which can inhibit growth of pathogens and 

have very little toxicity to the host cells are very interesting candidates for the 

development of new antimicrobial and antifungal drugs [171, 172]. 

As found in literature, the OH group present in phenolics, steroids, coumarins and 

flavonoids specially at C-6 and C-8 position of flavonoids was invariably very effective 

against spectrum of the tested bacteria [173]. In addition hydroxyl substituted aldehydes 

and ketones were also found very active [174]. The plant extracts mostly contain such 

types of compounds, thus we have characterized some medicinal plants for their 

antibacterial potential. Activity was checked against two gram-positive bacteria i.e. 

Staphylococcus aureus and Bacillus subtilis and two gram-negitive bacteria i.e. 

Pasturella multocida and Escherichia coli by the disc diffusion method using 

streptomycin sulphate, a standard antibiotic, as positive control. Zones of inhibitions were 

measured in mm. In the following section, we will discuss them one by one. 
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4.4.3.1 Antibacterial Activity of Rhynchosia pseudo-cajan 

Antibacterial activity of all the studied fractions of Rhynchosia pseudo-cajan was 

cheched against all tested strains. It was observed that n-hexane soluble fraction showed 

very less activity. CHCl3 fraction and EtOAc fraction showed good activity against 

Staphylococcus aureus, Bacillus subtilis and Escherichia coli. n-BuOH fraction showed 

good activity aganist Staphylococcus aureus and Bacillus subtilis while aqueous fraction 

was found only active against Bacillus subtilis. Streptomycin sulfate was taken as a 

reference antibacterial drug. These observations have been made on the basis of 

measurements of zones of inhibition in mm (table 4.29). Statistical analysis of variance 

(ANOVA) and the Duncan t-test supported the experimental results obtained. The results 

mentioned as good were found significant (p < 0.05) as compared to blank. As obvious 

from the previous literature, the flavonoids exhibit antomicribial potential [175], the 

good antibacterial activity of CHCl3 fraction might be attributed to the presence of 

alpinetin and pinostrobin because these contain active hydroxyl groups. The good 

antibacterial activity of EtOAc fraction might be attributed flavonoids such as naringin, 

4′,5,6-trihydroxy-7-methoxy flavone and 2′,4′,5,7-tetrahydroxy isoflavone isolated from 

this fraction. 

 

Table 4.29: Zones of inhibition (mm) of various fractions of Rhynchosia pseudo-

cajan against Gram-positive and Gram-negative bacteria 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction 18 18 14 14 

2 CHCl3 fraction 26* 26* 16 22* 

3 EtOAc fraction 22* 28* 16 20* 

4 n-BuOH fraction 20* 28* - - 

5 Aqueous fraction 18 22* - - 

6 Streptomycin sulfate 32 36 30 32 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 
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4.4.3.2 Antibacterial Activity of Colebrookia oppositifolia 

Antibacterial activity of all the studied fractions of Colebrookia oppositifolia was 

cheched against all tested strains (table 4.30). It was observed that CHCl3 fraction showed 

good activity against Bacillus subtilis and Escherichia coli (p < 0.05). EtOAc fraction 

showed good activity against the P. multocida and E. coli (p < 0.05). Aqueous fraction 

showed good activity only against the E. coli (p < 0.05). All the other results were found 

non-significant (p > 0.05). Streptomycin sulfate was taken as a reference antibacterial 

drug. As obvious from the previous literature, the flavonoids exhibit antomicribial 

potential [175], so, as shown by the phytochemical screening of various extracts, the 

CHCl3 and EtOAc soluble fractions contain many active compounds like phenolics and 

flavonoids etc. due to which these showed good results. Many flavonoids isolated from 

EtOAc fraction such as negletein, 4-hydroxy benzoate, quercetin, 5',2',6'-trihydroxy-7-

methoxy flavone and 5,7,2'-trihydroxyflavone-2'-O-glucopyranoside supported this fact. 

 

Table 4.30: Zones of inhibition (mm) of various fractions of Colebrookia oppositifolia 

against Gram-positive and Gram-negative bacteria 

 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction 16 14 12 - 

2 CHCl3 fraction 18 20* 18 22* 

3 EtOAc fraction 16 16 20* 22* 

4 n-BuOH fraction - - - - 

5 Aqueous fraction 14 - 16 20* 

6 Streptomycin sulfate 32 36 30 32 

 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 
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4.4.3.3 Antibacterial Activity of Dodonaea viscosa 

Antibacterial activity of all the studied fractions of Dodonaea viscosa was cheched 

against all tested strains (table 4.31). It was observed that CHCl3 and EtOAc soluble 

fraction showed good activity against Pasturella multocida (p < 0.05). n-BuOH and 

aqueous fraction displayed good activity against Bacillus subtilis (p < 0.05). All the other 

results were found non-significant (p > 0.05). Streptomycin sulfate was taken as a 

reference antibacterial drug. Phytochemical screening report of the plant showed that the 

fractions which showed good activity contain active compounds such as phenolics, 

flavonoids and terpenoids while the fractions which showed less or no activity contain 

very less or no active such compounds. 

Table 4.31: Zones of inhibition (mm) of various fractions of Dodonaea viscosa 

against Gram-positive and Gram-negative bacteria 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction 7 - 6 - 

2 CHCl3 fraction 16 18 24* 18 

3 EtOAc fraction 18 18 26* 16 

4 n-BuOH fraction 16 20* 16 16 

5 Aqueous fraction 18 20* 12 16 

6 Streptomycin sulfate 32 36 30 32 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 

 

4.4.3.4 Antibacterial Activity of Cotinus coggyria 

Antibacterial activity of all the studied fractions of Cotinus coggyria was cheched against 

Staphylococcus aureus, Bacillus subtilis, Pasturella multocida and Escherichia coli (table 

4.32). It was observed that EtOAc fraction showed good activity against all the studied 

strains of bacteria (p < 0.05). CHCl3 fraction showed good activity against all the studied 

strains except E. coli. n-BuOH soluble fraction displayed good activity against all the 

studied strains except B. subtilis. n-Hexane soluble fraction and aqueous fraction showed 

no significant results (p > 0.05). Streptomycin sulfate was taken as a reference 

antibacterial drug. Phytochemical screening report of the plant showed that the fractions 



Results and Discussion    

 

 186 

which showed good activity contain active compounds such as phenolics, flavonoids and 

terpenoids while the fractions which showed less or no activity contain very less or no 

active such compounds. 

Table 4.32: Zones of inhibition (mm) of various fractions of Cotinus coggyria against 

Gram-positive and Gram-negative bacteria. 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction 12 12 16 16 

2 CHCl3 fraction 22* 20* 20* 18 

3 EtOAc fraction 24* 22* 22* 24* 

4 n-BuOH fraction 20* 18 20* 20* 

5 Aqueous fraction 18 12 18 14 

6 Streptomycin sulfate 32 36 30 32 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 

 

4.4.3.5 Antibacterial Activity of Fumaria indica 

Antibacterial activity of all the studied fractions of Fumaria indica was cheched against 

Staphylococcus aureus, Bacillus subtilis, Pasturella multocida and Escherichia coli (table 

4.33). It was observed that CHCl3 fraction showed good activity against all the studied 

strains of bacteria (p < 0.05). EtOAc fraction showed good activity against all the studied 

strains except P. multocida. Aqueous fraction showed good results only against P. 

multocida (p < 0.05). All the other fractions showed no significant results (p > 0.05). 

Streptomycin sulfate was taken as a reference antibacterial drug.  

Table 4.33: Zones of inhibition (mm) of various fractions of Fumaria indica against 

Gram-positive and Gram-negative bacteria 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction 9 - 7 - 

2 CHCl3 fraction 20* 22* 22* 20* 

3 EtOAc fraction 20* 24* 14 18 

4 n-BuOH fraction 16 12 16 14 

5 Aqueous fraction 14 16 26* 16 

6 Streptomycin sulfate 32 36 30 32 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 
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Phytochemical screening report of the plant showed that the fractions which showed good 

activity contain active compounds such as phenolics, flavonoids and terpenoids while the 

fractions which showed less or no activity contain very less or no active such compounds. 

4.4.3.6 Antibacterial Activity of Dicliptera bupleuroides 

Antibacterial activity of all the studied fractions of Dicliptera bupleuroides was cheched 

against Staphylococcus aureus, Bacillus subtilis, Pasturella multocida and Escherichia 

coli (table 4.34). It was observed that CHCl3 fraction showed good activity against B. 

subtilis (p < 0.05). EtOAc fraction showed good activity against P. multocida and E. coli 

(p < 0.05). All the other fractions showed no significant results (p > 0.05). Streptomycin 

sulfate was taken as a reference antibacterial drug.  

Table 4.34: Zones of inhibition (mm) of various fractions of Dicliptera bupleuroides 

against Gram-positive and Gram-negative bacteria 

 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction - - 14 12 

2 CHCl3 fraction 14 20* 14 16 

3 EtOAc fraction 16 18 20* 22* 

4 n-BuOH fraction 12 14 12 14 

5 Aqueous fraction 16 14 18 14 

6 Streptomycin Sulfate 32 36 30 32 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 

 

Phytochemical screening report of the plant showed that the fractions which showed good 

activity contain active compounds such as phenolics, flavonoids and terpenoids while the 

fractions which showed less or no activity contain very less or no active such compounds. 
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4.4.3.7 Antibacterial Activity of Curcuma zedoaria 

Antibacterial activity of all the studied fractions of Curcuma zedoaria was cheched 

against Staphylococcus aureus, Bacillus subtilis, Pasturella multocida and Escherichia 

coli (table 4.35). It was observed that CHCl3 fraction showed good activity against all the 

studied strains (p < 0.05). EtOAc fraction showed good activity against B. subtilis and P. 

multocida (p < 0.05). n-BuOH fraction showed good results against B. subtilis. All the 

other results were found non-significant (p > 0.05). Streptomycin sulfate was taken as a 

reference antibacterial drug. Phytochemical screening report of the plant showed that the 

fractions which showed good activity contain active compounds such as phenolics, 

flavonoids and terpenoids while the fractions which showed less or no activity contain 

very less or no active such compounds. 

 

Table 4.35: Zones of inhibition (mm) of various fractions of Curcuma zedoaria 

against Gram-positive and Gram-negative bacteria 

Sr. 

No. 
Sample 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Pasturella 

multocida 

Escherichia 

coli 

1 n-Hexane fraction - 6 - 5 

2 CHCl3 fraction 20* 20* 22* 22* 

3 EtOAc fraction 16 22* 20* 18 

4 n-BuOH fraction 10 20* 12 12 

5 Aqueous fraction 10 14 12 14 

6 Streptomycin Sulfate 32 36 30 32 

 

*p < 0.05 when compared to blank i.e. negative control (p < 0.05 was considered as significant). 

 

 

Among all the studied plants, EtOAc and n-BuOH fractions of Rhynchosia pseudo-cajan 

showed good results against B. subtilis showing zone of inhibition 28mm, as compared to 

other fractions of studied plants. 
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4.4.4 ANTIFUNGAL ACTIVITIES 

As we have discussed in the previous section that the bioactive molecules, present in 

medicinal plants, inhibit the fungal growth, thus we have characterized some medicinal 

plants for their antifungal potential. Activity of crude extracts of plants was studied 

against four fungi i.e. Aspergillus niger, Aspergillus flavus, Ganoderma lucidum and 

Alternaria alternata by the disc diffusion method using fluconazole, a standard antifungal 

drug, as positive control. In the following section, we will discuss them one by one. 

4.4.4.1 Antifungal Activity of Rhynchosia pseudo-cajan 

Antifungal activity of all the studied fractions of Rhynchosia pseudo-cajan was cheched 

against A. niger, A. flavus, G. lucidum and A. alternata. It was observed that n-hexane 

fraction showed low activity. CHCl3, n-BuOH and EtOAc fraction showed good activity 

only against G. lucidum. All the other fractions showed very less or no activity. 

Fluconazole was taken as a reference antifungal drug. These observations have been made 

on the basis of measurements of zones of inhibition in mm (table 4.36). Statistical analysis of 

variance (ANOVA) and the Duncan t-test supported the experimental results obtained. The 

results mentioned as good were found significant (p < 0.05) as compared to blank.  

Table 4.36: Zones of inhibition (mm) of various fractions of Rhynchosia pseudo-

cajan against fungi 

 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - - 16 - 

2 CHCl3 fraction - 14 20* - 

3 EtOAc fraction - 12 22* - 

4 n-BuOH fraction - - 22* - 

5 Aqueous fraction - - 16 - 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 
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4.4.4.2 Antifungal Activity of Colebrookia oppositifoilia 

Antifungal activity of all the studied fractions of Colebrookia oppositifoilia was cheched 

against A. niger, A. flavus, G. lucidum and A. alternata. It was observed that n-hexan 

fraction displayed no activity. CHCl3, n-BuOH and EtOAc fraction displayed moderate 

activity only against G. lucidum and A. flavus. Aqueous fraction displayed good activity 

against G. lucidum and A. flavus. Fluconazole was taken as a reference antifungal drug. 

These observations have been made on the basis of measurements of zones of inhibition in 

mm (table 4.37). Statistical analysis of variance (ANOVA) and the Duncan t-test supported 

the experimental results obtained. The results mentioned as good were found significant (p 

< 0.05) as compared to blank.  

 

Table 4.37: Zones of inhibition (mm) of various fractions of Colebrookia 

oppositifoilia against fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - - - - 

2 CHCl3 fraction - - 14 - 

3 EtOAc fraction - 12 14 - 

4 n-BuOH fraction - 14 14 - 

5 Aqueous fraction - 20* 22* - 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 

 

4.4.4.3 Antifungal Activity of Dodonaea viscosa 

Antifungal activity of all the studied fractions of Dodonaea viscosa was cheched against 

A. niger, A. flavus, G. lucidum and A. alternata. It was observed that n-hexane fraction 

showed no activity. EtOAc fraction showed good activity only against G. lucidum (p < 

0.05). CHCl3 fraction showed good activity against A. flavus (p < 0.05). All the other 

fractions showed very less or no activity. Fluconazole was taken as a reference antifungal 

drug. These observations have been made on the basis of measurements of zones of 



Results and Discussion    

 

 191 

inhibition in mm (table 4.38). EtOAc and CHCl3 fraction might be the sources of strong 

bioactive components as also indicated by their phytochemical screening. 

Table 4.38: Zones of inhibition (mm) of various fractions of Dodonaea viscosa 

against fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - - - - 

2 CHCl3 fraction - 20* - - 

3 EtOAc fraction - - 22* - 

4 n-BuOH fraction - 12 - - 

5 Aqueous fraction - - 14 - 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 

4.4.4.4 Antifungal Activity of Cotinus coggyria 

Antifungal activity of all the studied fractions of Cotinus coggyria was cheched against 

A. niger, A. flavus, G. lucidum and A. alternata. As observed from the results, CHCl3, n-

BuOH and EtOAc fraction showed good activity only against A. alternata (p < 0.05). All 

the other fractions showed very less or no activity. Fluconazole was taken as a reference 

antifungal drug. These observations have been made on the basis of measurements of zones 

of inhibition in mm (table 4.39). n-BuOH, EtOAc and CHCl3 fraction might be the sources 

of strong bioactive components as also indicated by their phytochemical screening. 

Table 4.39: Zones of inhibition (mm) of various fractions of Cotinus coggyria against 

fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - 12 - 16 

2 CHCl3 fraction - 16 - 26* 

3 EtOAc fraction 12 14 - 26* 

4 n-BuOH fraction 12 12 - 24* 

5 Aqueous fraction - - - - 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 
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4.4.4.5 Antifungal Activity of Fumaria indica 

Antifungal activity of all the studied fractions of Fumaria indica was cheched against A. 

niger, A. flavus, G. lucidum and A. alternata. As observed from the results, CHCl3 

fraction showed good activity against G. lucidum and A. flavus (p < 0.05). n-BuOH and 

EtOAc fraction showed good activity only against A. alternata (p < 0.05). Aqueous 

fraction showed good activity against G. lucidum (p < 0.05). All the other fractions 

showed very less or no activity. Fluconazole was taken as a reference antifungal drug. 

These observations have been made on the basis of measurements of zones of inhibition in 

mm (table 4.40). n-BuOH, EtOAc, aqueous and CHCl3 fraction might be the sources of 

strong bioactive components as also indicated by their phytochemical screening. 

Table 4.40: Zones of inhibition (mm) of various fractions of Fumaria indica against 

fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - 4 - 6 

2 CHCl3 fraction 14 20* 24* 18 

3 EtOAc fraction 12 14 16 22* 

4 n-BuOH fraction - 12 - 20* 

5 Aqueous fraction 12 14 22* 16 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 

 

4.4.4.6 Antifungal Activity of Dicliptera bupleuroides 

Antifungal activity of all the studied fractions of Dicliptera bupleuroides was cheched 

against A. niger, A. flavus, G. lucidum and A. alternata. As observed from the results, 

EtOAc fraction showed good activity only against G. lucidum (p < 0.05). All the other 

fractions showed moderate activity. n-Hexane fraction showed no activity at all. 

Fluconazole was taken as a reference antifungal drug. These observations have been made 

on the basis of measurements of zones of inhibition in mm (table 4.41). EtOAc fraction 
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might be the source of strong bioactive components as also indicated by its 

phytochemical screening. 

Table 4.41: Zones of inhibition (mm) of various fractions of Dicliptera bupleuroides 

against fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternata 

1 n-Hexane fraction - - - - 

2 CHCl3 fraction 14 12 16 - 

3 EtOAc fraction 12 12 20* 14 

4 n-BuOH fraction 14 12 16 - 

5 Aqueous fraction 12 12 12 14 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control (p < 0.05 was considered as significant). 

 

4.4.4.6 Antifungal Activity of Curcuma zedoaria 

Antifungal activity of all the studied fractions of Curcuma zedoaria was cheched against 

A. niger, A. flavus, G. lucidum and A. alternata. As observed from the results, that n-

hexane fraction showed no activity at all. All the other fractions showed moderate 

activity. Fluconazole was taken as a reference antifungal drug. These observations have 

been made on the basis of measurements of zones of inhibition in mm (table 4.42). It was 

observed that the plant is moderate inhibitor of fungi. 

 

Table 4.42: Zones of inhibition (mm) of various fractions of Curcuma zedoaria 

against fungi 

Sr. 

No. 
Sample 

Aspergillus 

niger 

Aspergillus 

flavus 

Ganoderma 

lucidum 

Alternaria 

alternate 

1 n-Hexane fraction - - - - 

2 CHCl3 fraction - 12 - 14 

3 EtOAc fraction 12 12 10 14 

4 n-BuOH fraction 14 12 12 - 

5 Aqueous fraction - 12 - 10 

6 Fluconazole 30 30 32 34 

*p < 0.05 comparative to blank  i.e. negitive control  (p < 0.05 was considered as significant). 
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Among all the studied plants, CHCl3 and EtOAc fraction showed good activity against A. 

alternata showing zone of inhibition 26mm, as compared to other fractions of studied 

plants. 

 

4.4.5 Hemolytic Activities 

Plant derived natural compounds have been gained much attention due to their potential 

to act as chemopreventive and cytotoxic activity. To perform hemolytic assay is very 

important to determine whether the specific drug that possesses antioxidant, antimicrobial 

and other bioactivities, can be used in the pharmacological applications. The in vitro 

hemolytic activities are now-a-days becoming new area of research in the drug lead 

discoveries. Researchers are exploring various ethno botanically important plants to find 

out the potential natural products having antiaggregant action [176]. 

 

In the exploration of the action of the plant extracts on the human blood, it is essential to 

determine hemolytic activity because this is the indicator of cytotoxicity and bioactivity. 

In vitro hemolysis tests have been employed by many researchers for the toxicological 

evaluation of the various plants. The substances responsible for hemolysis are those 

derived from plants, pharmaceuticals and heavy metals. The direct hemolytic effect of 

various toxic agents is due to many non-specific mechanisms e.g. surfactants cause 

hemolysis by the dissolution of erythrocyte plasma membrane, this effect is due to an 

increased fragility or osmotic lysis, which is caused by the increase in the permeability of 

plasma membrane. Phenols cause hemolysis by oxidation of hemoglobin, due to which 

metahemoglobin is formed. Saponins produce changes in memberane of erythrocyte, 

cause rupture and as a result release of characteristic hemoglobin pigments takes place 

[177]. 
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Hemolytic assays were performed since compounds possessing potent antioxidant and 

anticancer activity may not be useful in pharmacological preparations if they possess 

hemolytic effect. In addition, these data also may reveal some information about the 

mechanism of cytotoxicity [178].  

 

Keeping in view the above mentioned observations, all the studied plants were checked 

for their toxicity by their hemolytic effecs and the results are given in table 4.43. The 

hemolytic activities of the plants’ extracts were compared with that of triton, taken as 

positive control, having 100% toxicity and phosphate buffer saline (PBS), taken as 

negative control, having 0% toxicity. It was revealed from the results that all the studied 

fractions of Rhynchosia pseudo-cajan showed very less toxicity i.e. only 1-2%, so the 

polar fractions which showed good antioxidant and antimicrobial effects, as obvious from 

the previous results, might be very useful in pharmacological preparations. All the 

studied fractions of Colebrookia oppositifolia also showed very less toxicity (1-7%), so 

these also might be very usefull in pharmacological preparations as polar fractions 

showed good antioxidant and antimicrobial effects. EtOAc and CHCl3 fraction of 

Dodonaea viscosa were found toxic as these showed 59% and 73% toxicity. The EtOAc, 

chloroform and n-butanol fraction of Cotinus coggyria were found very less toxic only 1-

2%. These fractions have been found good antioxidant and antimicrobial agents, so these 

might be useful in drug formulations. The n-hexane fraction of Cotinus coggyria showed 

42% toxicity, so it can be used against the tumor cells. All the studied fractions of 

Fumaria indica showed very less toxicity (1-2%), so its EtOAc, chloroform and n-

butanol fractions might be very usefull in pharmacological preparations as these showed 

good antioxidant and antimicrobial effects. 
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Table 4.43: Hemolytic activities of various plants 

Plant Sample 
Toxicity% 

± S.E.M
a)

 
Plant Sample 

Toxicity% 

± S.E.M
a)

 

R
h

yn
c
h

o
sia

 p
seu

d
o

-

ca
ja

n
 

n-Hexane fr. 1.27±0.63 F
u

m
a

ria
 in

d
ica

 

n-Hexane fr. 1.73±0.20 

Chloroform fr. 2.45±0.27 Chloroform fr. 2.52±0.27 

EtOAc fr. 1.17±0.23 EtOAc fr. 1.82±0.29 

n-Butanol fr. 1.21±0.45 n-Butanol fr. 1.53±0.12 

Aqueous fr. 1.27±0.10 Aqueous fr. 1.60±0.06 

C
o

leb
ro

o
k

ia
 

o
p

p
o

sitifo
ilia

 

n-Hexane fr. 3.08±0.08 

D
iclip

tera
 

b
u

p
leu

ro
id

es 

n-Hexane fr. 79.31±1.13 

Chloroform fr. 3.15±0.16 Chloroform fr. 1.02±0.28 

EtOAc fr. 7.85±0.10 EtOAc fr. 1.05±0.74 

n-Butanol fr. 5.96±0.30 n-Butanol fr. 3.10±0.14 

Aqueous fr. 1.54±0.13 Aqueous fr. 1.08±0.04 

D
o

d
o

n
a

ea
 visco

sa
 

n-Hexane fr. 4.25±0.12 C
u

rc
u

m
a

 zed
o

a
ria

 

n-Hexane fr. 8.56±0.12 

Chloroform fr. 73.13±0.85 Chloroform fr. 2.74±0.02 

EtOAc fr. 59.57±0.36 EtOAc fr. 3.61±0.14 

n-Butanol fr. 32.87±0.17 n-Butanol fr. 2.57±0.09 

Aqueous fr. 23.99±0.93 Aqueous fr. 6.23±0.41 

C
o

tin
u

s co
g

g
yria

 
n-Hexane fr. 42.99±0.87 Syzygium aromaticum 0.46±0.005 

Chloroform fr. 1.70±0.14 Illicium verum 0.51±0.007 

EtOAc fr. 7.45±0.08 Triton
b
 100.0±0.05 

n-Butanol fr. 3.12±0.04 
Phosphate Buffer 

Saline
c
 

0.00±0.01 
Aqueous fr. 2.66±0.06 

 

 

a
) Standard mean error of three assays. 

b
) Positive control having 100% toxicity. 

c
) Negative control having 0% toxicity. 
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The EtOAc, chloroform and n-butanol fraction of Dicliptera bupleuroides were also 

found very less toxic only 1-3%. These fractions have been found good antioxidant and 

antimicrobial agents, so these might be useful in drug formulations. The n-hexane 

fraction of Dicliptera bupleuroides showed 79% toxicity, so it might be used to kill the 

tumor cells. All the studied fractions of Curcuma zedoaria showed very less toxicity (1-

8%). Its EtOAc and chloroform fraction showed good antimicrobial and antioxidant 

potentials so these might be used in pharmacological preparations. 

4.5 CONCLUSIONS 

Phytochemical investigations were done on Rhynchosia pseudo-cajan Cambess and 

Colebrookia oppositifolia Smith. which led to isolation of many new-source constituents 

along with some known constituents. Among the pure isolated compounds from 

Rhynchosia pseudo-cajan, icosyl-p-hydroxy benzoate (7), alpinetin (12), pinostrobin 

(13), 4′,5,6-trihydroxy-7-methoxy flavone (15) and 2′,4′,5,7-tetrahydroxy isoflavone (16) 

showed good antioxidant capacity as these compounds constitute phenolic groups which 

have ability to donate hydrogen to free redicals and hence terminate free radical chain 

reactions. 2′,4′,5,7-tetrahydroxy isoflavone (16) exhibited highest values in all 

antioxidant assays (IC50=19.46±0.68, FRAP value=326.62±0.73 TE μM/mL, total 

antioxidant activity=0.88±0.07) as compared to other compounds. This fact may be due 

to it contains four acidic hydroxyl groups. 

Among the pure isolated compounds from Colebrookia oppositifolia 4-hydroxybenzoic 

acid (21), negletein (26), 5,2′,6′-trihydroxy-7-methoxy flavone (27), 3,3′,4′,5,7-

pentahydroxy flavone (quercetin) (28) and 5,7,2′-trihydroxyflavone-2′-O-β-D-

glucopyranoside (29) showed signifant antioxidant potentials as these constitute phenolic 

groups. Quercetin contain five acidic hydroxyl groups so it showed hight antioxidant 

potential among these compounds i.e. IC50 value 16.99 ± 0.69, FRAP value 214.62±1.75 

TE μM/mL and total antioxidant activity 1.66±0.09. 

Enzyme inhibition studies of synthetic derivatives (31a-l) of naringin (18) showed that 4′-

O-ethyl naringin (31a), 4′-O-(2′′′′-phenylethyl) naringin (31f), 4′-O-(3′′′′-phenylpropyl) 

naringin (31g) and 4′-O-(p-fluorobenzyl) naringin (31i) were found to be moderate 
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inhibitors of butyrylcholinesterase while naringin (18) itself, 4′-O-n-butyl naringin (31b), 

4′-O-iso-propyl naringin (31d) and 4′-O-(N-3′′′′′, 5′′′′′-dimethylphenyl-C-acetamido) 

naringin (31l) were identified as moderate inhibitors of lipoxygenase. Against 

chymotrypsin only 4′-O-(p-bromobenzyl) naringin (31h) was found to be a moderate 

inhibitor. Their antioxidant potential was also evaluated by 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) radical scavenging activity and only 4′-O-ethyl naringin (31a) showed 

antioxidant potential (IC50 36.21±0.32 µM/ml). 

In a search for potential bioactive substances from plants origin, the antioxidant, 

antibacterial, antifungal and hemolytic activities of some medicinal herbs indigenous to 

Pakistan viz. Rhynchosia pseudo-cajan, Colebrookia oppositifolia, Dodonaea viscosa, 

Cotinus coggyria, Fumaria indica, Dicliptera bupleuroides, Curcuma zedoaria, Syzygium 

aromaticum and Illicium verum were studied in detail. 

From the results of antioxidant potentials of crude fractions of Rhynchosia pseudo-cajan 

it was evident that ethyl acetate fraction showed the highest value of % inhibition of 

DPPH (92.45% ± 0.98) at concentration of 125µg/mL. It also showed highest total 

antioxidant activity i.e. 1.946 ± 0.22 as well as highest total phenolic contents (129.49 ± 

1.2 mg of gallic acid equivalents) as compared to other studied fractions. Its IC50 was 

22.75 ± 0.27 µg/mL, relative to butylated hydroxytoluene (BHT), having IC50
 
of 12.1 ± 

0.92 g/mL. However, the crude methanolic extract displayed highest FRAP value 

(639.66 ± 1.9 µM of trolox equivalents) and highest value of inhibition of lipid 

peroxidation (54.48% ± 1.18) as compared to other fractions due to some synergic effect. 

Ethyl acetate and n-butanol fraction showed good antibacterial activity against Bacillus 

subtilis (28mm) and antifungal activity against Ganoderma lucidum (22mm). So it was 

concluded that the chloroform, ethyl acetate and n-butanol fraction of this plant are rich 

in strong antioxidants so these are potentially valuable sources of natural antioxidants and 

bioactive materials, as obvious from constituents isolated from this plant as summarized 

above, which would be expected to increase shelf life of foods and fortify against 

peroxidative damage in living systems in relation to aging and carcinogenesis.  

Antioxidant potentials of crude fractions of Colebrookia oppositifolia revealed that ethyl 

acetate soluble fraction showed highest value of % inhibition of DPPH (83.43 ± 1.27) at 
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concentration of 60 µg/ml. The IC50 of this fraction was 27.2 ± 0.23 µg/ml, IC50 value of 

chloroform fraction was found  to be 117.08 ± 0.71 relative to butylated hydroxytoluene 

(BHT), having IC50 of 12.54 ± 0.89 µg/ml. It also showed highest FRAP value (172.23 ± 

1.66 µM of trolox equivalents) as well as highest value of inhibition of lipid peroxidation 

(57.61 ± 1.1%) as compared to the studied fractions. The chloroform fraction showed 

highest total antioxidant activity (0.711 ± 0.031) as well as highest total phenolic contents 

(72.5 ± 0.34 mg/g GAE). The overall antioxidant activity results for the chloroform 

soluble fraction, ethyl acetate soluble fraction and n-butanol soluble fraction were found 

to be significant (p < 0.05). CHCl3 and EtOAc fraction showed good antibacterial activity 

against E. coli (22mm) and remining aqueous fraction showed good antifungal activity 

against Ganoderma lucidum (22mm). So the chloroform, ethyl acetate and n-butanol 

fraction of this plant are rich in strong antioxidants and bioactive constituents, which was 

also confirmed by isolation of phenolics and flavonoids from this plant as summarized 

above. 

It was observed from the results of phytochemical screening of Dodonaea viscosa that 

chloroform fraction, ethyl acetate fraction, n-butanol fraction and aqueous fraction 

contain phenolics and flavonoids while n-hexane fraction showed absence of these 

compounds. Because of the presence of such compounds the above mentioned fractions 

showed good antioxidant activity, aqueous fraction showed moderate activity due to 

fewer amounts of such compounds while n-hexane fraction showed no activity due to 

absence of all these compounds. Ethyl acetate soluble fraction exhibited highest percent 

inhibition of DPPH radical as compared to other fractions. It showed 81.14 ± 1.38% 

inhibition of DPPH radical at a concentration of 60 µg/ml. The IC50 of this fraction was 

33.95 ± 0.58 µg/ml, relative to butylated hydroxytoluene (BHT), having IC50
 
of 12.54 ± 

0.89 g/mL. It also showed highest FRAP value (380.53 ± 0.74 µM/ml of trolox 

equivalents) as well as highest total phenolic contents (208.58 ± 1.83 mg/g GAE) and 

highest value of inhibition of lipid peroxidation (58.11 ± 1.49% at concentration of 500 

µg/ml) as compared to the other studied fractions. The chloroform fraction showed 

highest total antioxidant activity (1.078 ± 0.05). It also showed highest antibacterial 

activity against P. multocida (26mm) and against fungi G. lucidum (22mm). So it was 
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concluded that chloroform, ethyl acetate and n-butanol fraction are rich in strong 

antioxidants and bioactive constituents. 

The results of phytochemical screening of Cotinus coggyria showed that the n-butanol 

soluble fraction, ethyl acetate soluble fraction and chloroform soluble fraction contain 

considerable amounts of phenolics and flavonoids while these compounds were very less 

in the remaining aqueous fraction and n- hexane fraction. Because of the presence of such 

type of compounds the n-butanol, ethyl acetate and chloroform soluble fraction showed 

good antioxidant activity while remaining aqueous fraction and n- hexane fraction 

showed no activity due to the low amount of all these compounds. Ethyl acetate fraction 

showed highest percent inhibition of the DPPH radical as comparative to the other 

fractions. It showed 81.64 ± 1.29% inhibition of the DPPH radical at the concentration of 

30 µg/ml. Its IC50 value was found to be 15.58 ± 0.09  µg/ml, relative to the BHT, which 

showed the IC50
 
value12.6 ± 0.85 g/mL. This fraction also showed the highest lipid 

peroxidation inhibition (61.41 ± 1.16%), as well as highest values of FRAP (697.76 ± 

1.98 µM/ml of trolox equivalents) total antioxidant activity (1.02 ± 0.05) and total 

phenolic contents (229.34 ± 0.57 mg/g GAE) comparative to the other studied fractions. 

EtOAc fraction showed highest antibacterial activity against S. aureus and E.coli (24mm) 

while CHCl3 and EtOAc fraction showed highest antifungal activity against A. alternata 

(26mm). So it was concluded that these fractions are the potentially valuable sources of 

the natural antioxidants as well as bioactive materials. 

It was observed from the results of Fumaria indica that chloroform fraction, ethyl acetate 

fraction, and n-butanol fraction showed good antioxidant activities probably due to 

presence of phenolics and flavonoids as obvious from phytochemical screening of crude 

fractions. Ethyl acetate soluble fraction exhibited highest percent inhibition of DPPH 

radical as compared to other fractions. It showed 83.41 ± 1.23% inhibition of DPPH 

radical at a concentration of 250 µg/ml. The IC50 of this fraction was 79.15 ± 0.87 µg/ml, 

relative to ascorbic acid, having IC50
 
of 58.9 ± 0.97 g/mL. It also showed highest total 

antioxidant activity (1.029 ± 0.06), as well as highest FRAP value (249.66 ± 1.83 µM of 

trolox equivalents), highest total phenolic contents (123.23 ± 0.41 mg/g GAE) and 

highest value of inhibition of lipid peroxidation (51.16 ± 1.48% at concentration of 500 
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µg/ml) as compared to the other studied fractions. Remaining aqueous fraction exhibited 

highest antibacterial activity against P. multocida (26mm) and CHCl3 fraction against 

fungus G. lucidum (24mm). So it was concluded that chloroform fraction, ethyl acetate 

fraction and n-butanol fraction are potentially valuable sources of natural antioxidants 

and bioactive materials.  

In Dicliptera bupleuroides it was observed from the results that chloroform fraction and 

ethyl acetate fraction contain considerable amounts of phenolics, flavonoids, alkaloids 

and cardiac glycosides while n-butanol fraction contains moderate amounts of such 

compounds whereas n-hexane fraction and remaining aqueous fraction showed absence 

of all these compounds. Because of the presence of considerable amounts of such 

compounds chloroform and ethyl acetate fraction showed good antioxidant activity, n-

butanol fraction showed moderate activity due to fewer amounts of such compounds 

while n-hexane fraction and aqueous fraction showed no activity due to absence of all 

these compounds. Chloroform soluble fraction exhibited highest percent inhibition of 

DPPH radical as compared to other fractions. It showed 81.28 ± 1.78 % inhibition of 

DPPH radical at a concentration of 250 µg/ml. Ethyl acetate fraction also showed good 

scavenging activity close to the chloroform fraction. Their IC50 values were found very 

near to each other i.e. 108.82 ± 1.14 and 110.58 ± 0.60 respectively, relative to butylated 

hydroxytoluene (BHT), a reference standard, having IC50 of 12.63 ± 0.97 µg/ml. Ethyl 

acetate fraction showed highest total antioxidant activity i.e. 1.149 ± 0.05. Chloroform 

fraction and ethyl acetate fraction showed good FRAP values (227.56 ± 1.27 and 213.43 

± 1.16 TE µM/mL respectively) as well as considerable amounts of total phenolic 

compounds i.e. 123.17 ± 1.33 and 115.16 ± 1.09 mg/g GAE) and good values of 

percentage of inhibition of lipid peroxidation i.e. 42.17 ± 0.79% and 41.14 ± 1.46% 

respectively. All these values were found nearly equal to each other. EtOAc fraction 

exhibited highest antibacterial activity against E. coli (22mm) and against fungus G. 

lucidum (20mm). So it was concluded that chloroform fraction and ethyl acetate fraction 

and are rich in strong antioxidants and are potentially valuable sources of natural 

antioxidants and bioactive materials.  
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In Curcuma zedoaria the results showed that chloroform soluble fraction and ethyl 

acetate soluble fraction contain phenolics and flavonoids while n-hexane fraction, n-

butanol soluble fraction and aqueous fraction showed absence of all these compounds. 

Due to the presence of such compounds, chloroform soluble fraction showed good 

antioxidant activity while ethyl acetate soluble fraction showed moderate to good 

effectiveness.  n-Hexane, n-butanol and aqueous fraction showed no activity due to 

absence of all these compounds.  Chloroform soluble fraction exhibited highest percent 

inhibition of DPPH radical as compared to other fractions. It showed 67.97 ± 1.06% 

inhibition of DPPH radical at a concentration of 250 µg/ml. IC50 value of chloroform 

fraction was found  to be 117.08 ± 0.71 relative to butylated hydroxytoluene (BHT), 

having IC50 of 12.54 ± 0.89 µg/ml. It also showed highest value of total antioxidant 

activity i.e.1.358 ± 0.04 as well as highest FRAP value (291.25 ± 1.53 TE M/mL), 

highest amount of total phenolic compounds (155.27 ± 1.36 mg/g GAE) and highest 

percentage of inhibition of lipid peroxidation (42.24 ± 0.53%) as compared to other 

studied fractions. So it was concluded that chloroform fraction is rich in strong 

antioxidants while ethyl acetate fraction contain moderate amount of this kind of active 

principles. Its CHCl3 fraction showed highest antibacterial activity against P. multocida 

and E. coli while EtOAc fraction against B. subtilis (22mm). So, these fractions are 

potentially valuable sources of natural antioxidants and bioactive materials. 

Antioxidant potentials of volatile oils of Syzygium aromaticum (cloves) and Illicium 

verum  (star anise) showed that star anise exhibits moderate activity while clove oil 

showed very high antioxidant potential even greater than BHT. The IC50 of the clove 

volatile oil was 4.56 ± 1.07 g/mL while that of star anise was found to be 120 ± 1.80 

g/mL relative to butylated hydroxytoluene (BHT), having IC50
 
of 12.1 ± 0.92 g/mL. 

Total antioxidant activity of clove volatile oil was also higher than star anise volatile oil. 

The FRAP values of clove and star anise volatile oils were 2830 ± 2.14 and 388 ± 1.32 

µM/ml of trolox equivalents (TE) respectively. The total phenolic contents of clove and 

star anise volatile oils were 934.34 ± 1.6 and 85.36 ± 0.28 mg of gallic acid equivalents 

(GAE)/g of volatile oil respectively. The inhibition of lipid peroxidation by clove volatile 
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oil was found to be 66.63% ± 0.41 while that of star anise was 43.24% ± 0.48. clove oil 

contains 87% eugenol due to which it showed very good antioxidant potential. 

All the fractions and pure compounds which exhibited good bioactivies would be 

expected to increase shelf life of foods and fortify against peroxidative damage in living 

systems in relation to aging, coronary heart diseases, neuro-degenerative diseases and 

carcinogenesis etc. These are sources of new natural antioxidants into the food industry 

that might provide good protection against the oxidative damage which occurs both in the 

body and our daily foods. 

Hemolytic activity results revealed that all the fractions showed very low toxicity (1-7%) 

except all polar fractions of D. viscosa and n-hexane fractions of C. coggyria and D. 

bupleuroides which showed high toxicities when compared with triton (positive control, 

100% toxicity) and phosphate buffer saline (negative control, 0% toxicity). High toxic 

fractions can be used to kill the tumor cells. 

All the above data can be useful for consumers and producers to use natural bioactive 

materials in pharmacological preparations to replace with synthetic ones because these 

are non toxic, potent and safe to living systems. 
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