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“He sends down water from the sky and with it brings forth 

the buds of every plant. From these we bring forth green 

foliage and close-growing grain, palm-trees laden with 

clusters of dates within reach, vineyards and olive groves 

and pomegranates (which are) alike and different. Behold 

their fruits when they bear fruit and ripen surely. In 

these there are signs for believers.” 

(Surah Anam6, Ayat99, Al-Quran) 
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ABSTRACT 

Throughout the journey of mankind, the reliance of man on plants to alleviate sufferings is 

still considered with more awareness for their therapeutic applications. Dependence on 

traditional medicinal system is because of its less cost, safer and easy accessibility. 

Therefore, in the modern world, interest in the discovery of drug candidates derived from 

the chemical constituent of plant is an important element of naturopathy. In connection of 

this interest, the under discussion study describes phytochemical investigation of two 

medicinal plants: Seriphidium oliverianum and Caragana brachyantha. The work done 

during this study is embodied in this dissertation as six chapters. The introductory portion 

and background information on the topic has been provided in chapter 1. Since 

phytochemical investigations resulted in the isolation of flavonoids, steroids and alkaloids 

from these two plants, the biosynthesis of these classes has also been discussed and 

incorporated in chapter 2, whereas, chapter 3 describes the previous phytochemical 

investigation of the genera Seriphidium and Caragana, besides this, it offers a literature 

survey on Seriphidium oliverianum and Caragana brachyantha, the two target species. 

Chapter 4 elaborates the biological screening of various extracts of Seriphidium 

oliverianum and Caragana brachyantha; they were screened in several bioassays including 

DPPH, ABTS, FRAP, CUPRAC, phosphomolybdenum, metal chelation, α-glucosidase, α-

amylase , tyrosinase and were also analyzed for their total phenolic and flavonoid contents. 

Among different polarity solvent extracts (methanol, hexane, ethyl acetate and water) 

methanol extract of Seriphidium oliverianum (So-M) offered the most convincing results in 

the DPPH, ABTS, CUPRAC and FRAP antioxidant assays which are in accord to the 

highest phenolic and flavonoid contents in So-M. While in enzyme inhibition assays 

Seriphidium oliverianum hexane extract (So-H) was found more active in tyrosinase and α-

amylase activities. This part also portrays the isolated compounds obtained as a result of 

chromatographic purification of the extract of n-hexane and the ethyl acetate soluble 

fractions of methanolic extract of Seriphidium oliverianum. Hexane extract provided three 

new phytochemicals; named as diethyl-2,6-diphenyl-(3-nitrophenyl)-1, 4-dihydropyridine-3, 

5-dicarboxylate (267), 6-diacetyl-3, 5-dimethyl-(3-nitrophenyl)-1, 4-dihydropyridine (268) 

and diethyl-2,6-dimethyl-4-(3-nitrophenyl)-1,4dihydropyridine-3, 5-dicarboxylate (269) 



xiv 

along with four known (270-73) compounds  while ethyl acetate extract  yielded eleven 

(130, 133, 134, 136, 154, 160, 274-278) known secondary metabolites. 

On the other hand, hexane, ethyl acetate, butanol, methanol and water extracts of 

Caragana brachyantha were also screened where the ethyl acetate extract (Cb-E) showed 

the highest antioxidant potential in DPPH, ABTS, CUPRAC, FRAP and 

phosphomolybdenum assay, results were proportional to its higher total phenolic and 

flavonoid contents. The structure elucidation of isolated compounds (162, 167- 171, 306- 

307) with their spectroscopic data is also explained in this part of results and discussion. 

Experimental procedures employed in this study, plant extraction, isolation procedure, along 

with spectroscopic data are discussed in chapter 5. Bioassay protocols are included in 

chapter 6. 
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Chapter 1 

Introduction to Phytochemicals 

  



2 

1.1. INTRODUCTION 

Ancient man relied on plants to meet the needs of his daily life, for example food, 

shelter, clothing and medicine. This fact has also been proven from the published history 

that natural products have always been a treasure for being useful in healing as well as 

for curing of human diseases. Nearly 250,000 plant species constitute natural products, 

which become the source of new drugs. Only in the USA, 50% of the drugs come from 

plant sources (Gupta P. et al., 2017). The reason behind the medicinal properties of these 

plants is that they produce certain organic compounds called as phytochemicals, which 

have variety of pharmacological properties associated to them. 

1.1.1. What Are Phytoytochemicals? 

The word „Phytochemical‟ is derived from the Greek word „Phyto‟ that means 

plant and chemical are the substances produced by the plants. Phytochemicals are 

bioactive organic compounds which protect the plants against environmental stress 

including pollution, drought, temperature, UV radiations, severe weather changes, 

grazing and microbial infections (Gibson et al., 2000). These phytochemicals possess 

pharmacological properties, provide health benefits to humans and act as defense tools of 

the producer plants (Hasler, 1999). 

The use of plants as medicines starts back from the ancient man. As time passed man 

became more civilized. Some great civilizations like ancient Chinese, Indians and North 

Africans provided written evidence of man's ingenuity in utilizing plants for the 

treatment of a wide variety of diseases. However, isolation of bioactive phytochemicals 

began in the 19
th

 century with the discovery of quinine from Cinchona bark by the 

French scientists Caventou and Pelletier and later the isolation of quinine by J. B. 

Caventou and J. B. Pelletier (David. 2001). Such discoveries motivated the modern man 

to investigate these fascinating sources and thus he kept searching for the medicinal 

plants in the quest for new medicines. It resulted in the development of field of natural 

product chemistry. The search for the new and novel source of medicine is ever- 

growing. In this way, the early scientist explored natural sources for their bioactive 

chemicals. Search for a new medicine is a continuous phenomenon and nature is a 

perfect guide in this process (Bungnihan, 2011). Metabolic engineering protect 

biological diversity by cultivation and preservation of medicinal plants. Usually, 
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medicinal plants are the source of modern drug e.g. morphine (1) codeine (2), quinine 

(3), cocaine (4), aspirin (5) and emetine (6); Most of the diseases like AIDS, hepatitis, 

diabetes, tuberculosis, gonorrhea and fever are well treated by natural products.  

 

1.1.2. Role of Phytochemicals in the Medicinal Products 

Several phytochemicals are important source of new compounds in 

pharmaceutical industries. Nearly half of the drugs which are in clinical use are natural 

product derived synthetic molecules. More or less 80% of the world population relies 

mainly on traditional medicines for their primary healthcare (Ekor et al., 2014) and more 

than 47% of the anticancer drugs in the market are extracted from natural products or 

compounds which possess the properties of a natural product (Newman and Cragg, 

2007). 

Phytochemicals are the richest bio-resource in drugs of traditional medicine 

system, modern medicines, nutraceuticals, folk medicines, food supplements and various 

pharmaceutical drugs. 

Natural products have different therapeutic properties such as antibiotics e.g., 

amoxicillin (7) and tigecycline (8) used in the treatment of bacterial infection, 

immunosuppressive agents e.g., rapamycin (9) used to suppress or reduce the strength of 
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the body‟s immune system. They are also called anti-rejection drugs, anti-migraine 

agents e.g., sumatriptan (10), elitriptan (11) are used to avoid the severity of migraine 

and headaches. Captopril (12), enalapril (13) are used to treat hypertension. Taxol (14) is 

used to cure malignancies or cancerous growths (Harvey, 2000). 

 

Studies revealed that plant metabolites are specific for their biological functions. 

Based on the natur and functions of metabolites they are mainly classified as primary or 

secondary metabolites. There are two main types of plant metabolites: 1) primary 

metabolites, 2) secondary metabolites. 
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1.2. PRIMARY METABOLITES 

All organisms produce some common substances, which are necessary for the 

growth of the producer. These metabolites are called primary metabolites. 

Carbohydrates, proteins, fatty acids, amino acids etc. are the most common examples. 

Higher plants produce important organic compounds like erythorbic acid (15), riboflavin 

- B2 (16), amino acids, proline (17), nucleic acid, adenine (18), proteins, lipids and 

starch, etc. These compounds play a significant role in the growth, development, sensory 

devices and reproduction of plants (Buchanan, 2000). The biological activity of these 

chemicals is beneficial to the producer organism but these can be beneficial or harmful to 

other species, including humans (Swerdlow, 2011). 

 

1.3. SECONDARY METABOLITES 

Secondary metabolites are heterogeneous group of natural compounds that are 

considered to aid the producing organism in survival and basic functions, such as 

competition, symbiosis, metal transport and differentiation (Vinale et al., 2008). Primary 

metabolites on passing through certain enzyme activity derive secondary metabolites 

(Newmaan and Shapiro, 2008). These metabolites have a specific character and play a 

role of defensive tools; certain pharmacological activities are associated to them, by 

which these protect the plants from fungi, bacteria, viruses, mammals, insect, and 

herbivores and nearby competing plants in the surrounding. These compounds due to 

their specific aroma attract pollinating and seed-dispersing animals willingly and protect 

the plants from the sun (Schäfer and Wink, 2009). These metabolites are biochemically 

active and are used against infectious microorganisms, pain relievers, anesthetics, anti-

inflammatory, an anticancer drug, anticoagulant, anti-parasitic and anti-diabetic etc. 
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(David and Gordon, 2007). These phytochemicals are also used as aroma and flavors in 

food (Balandrin, 1985). 

1.3.1. Types of Secondary Metabolites 

It has been estimated that one million varieties of secondary metabolites are 

known to exist (Hadacek et al., 2002). Based on chemical structure, secondary 

metabolites are subdivided into several groups. Some of them are alkaloids, steroids, 

terpenoids, flavonoids and polyketides or other various diverse structures etc. 

1.3.1.1. Alkaloids as active constituent of plants 

These phytochemicals are pharmacologically active and constitute a wide group 

of compounds containing one or more nitrogen atoms in the molecular structure. Such 

compounds are produced by every class of plants but to some extent in microbes and 

animals. Nearly 11, 000 thousand alkaloids have been isolated and purified. Based on the 

basic structure and diversity, alkaloids may be subdivided into different classes, as 

tropane alkaloids, glycol alkaloids, indole alkaloid and pyrrolizidine alkaloids, these 

possess activity against different diseases, insects and predators (Chowanski et al., 2016). 

The maximum concentration of these phytochemicals is observed in the cinchona bark, 

seeds of strychnine tree, leaves of black henbane, roots of Rauwolfia serpentine which is 

a source of an antiarrhythmic alkaloid, ajmaline (19) (Siddiqui and Siddiqui.,1931). 

Alkaloids possess medicinal properties as they exhibit, analgesic, antitumor, anti-

malarial, antineoplastic, antiviral and antimicrobial activities (Gupta et al., 2005). 

Alkaloids based derived drugs are available in the market e.g., sanguinarine (20) 

produced by the pharmaceutical industries because of their potential against microbes 

(Aniszewski, 2007). Erythroxylum species is a source of cocaine, which is an antifatigue 

agent. Nicotiana tabacum is a good source of nicotine (21), which is water- soluble it is 

also found as an oily volatile liquid in a small dose, it acts as a respiratory stimulant so 

cocaine and Nicotine are well-known examples of alkaloids that are used as medicines 

(Schardl et al., 2007). Hyoscyamus niger and Atropa belladonna are a source of atropine 

(22) which act as anticholinergic, the extract of belladonna mixed with antacid is 

effective against the gastrointestinal disease. (Mein et al., 1831), (Dewick, 2002). 

Caffeine (23) isolated from Hyoscyamus, Caffea caephora, Caffea liberica and Coffea 

Arabica stimulate the central nervous system (CNS) (Nehlig et al., 1992). Pilocarpus 
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jaborandi is a source of pilocarpine (24), which is used for the treatment of glaucoma 

(Rosin, 1991; Dewick, 2002). Catharanthus roseus is a good source of vinblastine (25) 

which is used as an antineoplastic drug (Goppi et al., 2003). 

 

Galanthamine (26) is isolated from various natural sources e.g., Galanthus 

caucasicus which is used for the treatment against Alzheimer's disease (Tsakadze and 

Shota, 2005) .There are several alkaloids which possess biological activities namely, 

emetine, serpentine (27), strychnine (28), reserpine (29), ergotamine (30), quinine, 

quinidine (31), sparteine (32), ephedrine (33), lobeline (34), berberine (35), tubocurarine 

(36),papaverine (37), morphine (1), codeine (2), scopolamine (38) and several others 

alkaloids are derived from natural products (Schäfer and Wink , 2009) 
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1.3.1.2. Steroids as active constituent of plants 

Steroids are naturally occurring plant metabolite, which have a basic skeleton of 

cyclopentanophenanthrene (39), consisting of four fused rings, three cyclohexane rings 

and one cyclopentane ring known as rings A, B, C and D, along with a side chain 

(Callow and Young, 1936) and two angular methyls. These are one of the largest 

marketing products that have been used these days in the medical field. These 

metabolites are biosynthesized in animal, plants, fungi, bacteria, either cell from 

cycloartenol (40) or lanosterol (41) (Kuzuyama and Seto, 2003). Since 1950, isolation of 

steroidal chemical and technological progress resulted in discovery of several steroidal 

hormones and drugs. Steroids possess various biological activities as they are used as 

immunosuppressive, anti-inflammatory, progestational, diuretic, anabolic and 

contraceptive agents in the prevention of coronary heart disease, anti-obesity agents, 
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anti-fungal agents, anti-viral activity, in the inhibition of HIV and in the treatment of 

AIDS. Anabolic steroid, dihydrotestosterone (42) which promotes cell growth in the 

body it also regulates masculine protein synthesis. They are also used as oral medicine 

and also as an injection to promote, bone growth and puberty. The steroids; spinasterol 

(43) and stanozolol (44) exhibited antioxidant activity in skeletal muscles in rats and 

neuroprotective agent in oxidative stress (Jeong et al., 2010). 

 

Various steroids are known to exist in which, progesterone (45) and testosterone 

(46) are essential for reproduction, solasodine (47), prednisolone (48), cholesterol (49) is 

good source of pro-vitamin D synthesis and a precursor for hormones like bile acid. Its 

presence in cell membrane allows steroidal hormones to enter into cell and bind to the 

hormone receptor (Fernandesa and Cruza, 2003). Steroidal alkaloids containing 

glycosidic moiety or saponin show surface activity and haemolytic properties (Cakir et 

al., 2003). Cholesterol precipitated from the bile is constituent of cell membranes, human 

gallstones, found in all animal tissues (Erpecum, 2011). Ajuga remota is a source of 

ergosterol -5, 8-peroxide (50) which possesses strong antimalarial activity (Kang et al., 

2014). 
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1.3.1.3. Terpenoids as active constituent of the plant 

Terpenes are important phytochemicals; structurally these are consisting of 

isoprene (51) unit. On thermal decomposition, all terpenoids, releases 5- carbon skeleton 

isoprene and most of the plants produce metabolites composed of these biosynthetic 

units. Terpenoids play important role in the ecological system as they attract symbionts 

for seed dispersion and pollination (Almeida et al., 2010). Carotenoids and natural 

rubber are also included in this class of compounds as they are prepared by the 

combination of poly isoprene units (Sangwan et al., 2001). 

Terpenoids have medicinal as well as industrial applications based on their units 

and diversity. Dietary monoterpenoids are known to possess antitumor activity. 

Citronellol (52) is naturally occurring acyclic monoterpene found in Pelargonium 

geranium and rose oil (Taylor and Schreck., 1985). It is used in perfumery and as an 

insect repellent agent (Oleg Ardashov et al., 2011). A bicyclic terpene, α pinene (53) is 

found in pine resins and conifers. It is used as a source of flavoring compound 

(Neuenschwander, 2010). Essential oils of Pennyroyalis and Mentha piperita are the 

source of pulegone (54). It has the same odor as camphor and peppermint. It is used as 

aromatherapy and perfume (Thorup et al., 1983). The essential oil of spearmint is a 

source of monocyclic unsaturated liquid, carverol (55) which acts as anti-carcinogen. 

Therapeutic and chemo preventive properties against cancer cell are exhibited by the 

essential oil, limonene (56) (Miller et al., 2011). Camphor (57) like limonene is used as a 
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preservative, waxes, resins, polymeric natural rubber are used as solvents, fragrances, 

flavouring and as adhesives (Thoppil and Bishayee., 2011).  

 

 Myrcene (58) is open chain monoterpenoid, found in essential oils of many plants 

and is used in fragrance (Behr and Johnen, 2009). Linalool (59), an important alcohol, is 

found in plants of families, Lamiaceae, Lauraceae and Rutaceae. It is used as an 

insecticide against flea and cockroach. Nerolidol 3,7,11-trimethyl-1,6,10-dodecatrien-3-

Ol (60) is known to possess antioxidant, anti-inflammatory, anti-cancer and 

antimicrobial activities. Nerolidol along with linalool is used as a cleaning agent, scent in 

shampoo, detergent and lotion soap (Chan et al., 2016). A diterpenoids retinol (61) is a 

source of medicines for improving vision, skin health and bone growth (Gropper et al., 

2009). Acyclic phytochemical, phytol (62) isolated from Lucas volkinsii are found in the 

marine environment, shows anti-tuberculosis activity (Jones and English, 2003). 

 

Totarol (63) is naturally occurring diterpene, initially, it was isolated from 

Podocarpudtotora first but later it was isolated from species of Podocarpaceae and 

Cupreassaceae. It possesses antimicrobial and therapeutic properties (Sharp et al., 2001). 

Coffea Arabica is a source of 0.6 % cafestol by weight diterpenoid, cafestol (64) which is 

known to possess activity against Parkinson‟s disease (Trinh et al., 2010). It is effective 
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against colon cancer and leukemic cells in human (Dimas et al., 1999). Bicyclic 

diterpenoid, labdane (65) occur naturally, possesses, anti-inflammatory, antifungal and 

antibacterial activities (Atta-Ur-Rehman, 1998). Common yew is a source of an 

important taxane, paclitaxel (66) which possesses activity against cancer cell (Mollinedo 

and Gajate, 2003). Paclitaxel is effective against the treatment of breast, lungs and 

ovarian cancer (Rowinsky, 1997). 

 

A widely distributed non-toxic triterpenoid, oleanoic acid (67) usually found in 

plants, it possesses antitumor and antiviral activity (Kurokawa et al, 1999). Naturally 

occurring triterpenoid, moronic acid (68) exhibits antiviral activity (Yu et al., 2006). 

Pentacyclic triterpenoid, ursolic acid (69) is known to possess anti-hyperlipidemic and 

anti-inflammatory activity. Oleanoic acid and ursolic acid are known to be used in 

cosmetics (Pitman, 2006). 
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1.3.1.4. Phenolics as active constituent of plants 

Phenolics contain hydroxyl groups one or more benzene ring, in their basic 

structure; flavone nucleus, containing 15 carbons and have two benzene rings connected 

through the heterocyclic pyron ring as taxifolin (70). Phenolics are classified as phenolic 

acids, flavones, coumarins, lignins, flavonoids, tannins, lignans catechins, chalcones and 

anthocyanine according to the degree of oxidation of ring C. Phenolic acids are further 

divided into two groups, derivatives of benzoic acid such as gallic acid (71), ferulic acid 

(72) found in coffee and cereals respectively and derivatives of cinnamic acid such as 

caffeic acid (73). Natural phenolics are the abundant secondary metabolites and are 

found in the highest concentration in plants e.g., citrus fruits, vegetables, red wine, 

legumes, tea, chocolate and medicinal herbs are a good source of flavonoids. These 

constitute an essential part of humans and animals diet (Chung et al., 2006). 

Flavonoids possess considerable pharmacological activities as they exhibit 

antiviral, anti-allergic, antioxidant, anti-inflammatory, anti-tumour activities and 

strengthen our immune system (Gupta and Chaphalkar, 2016). These are also known to 

exhibit enzyme inhibition activity, cytotoxicity and oestrogenic activity (Tapas et al., 

2008). Flavonoids prevent blood platelets from destroying, lower blood LDL cholesterol 

level also known to prevent heart attack and other cardiac- related problems. These are 

used as effective phytochemical for the treatment of eye cataracts. Quercetin (74) 

possesses anti-histamine and anti-inflammatory activity and is used to treat asthma and 

other allergies (Shohaib et al., 2011). 
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Drynaraie rhizome is a source of nairingin (75), the fruit Poncirus trifoliate is a source 

of poncirin (76), and both of these species possess strong activity towards osteoporosis. 

Citrus fruits are abundant source of flavonoids e.g., hesperetin (77) possesses, 

neuroprotective, anti-inflammatory, antioxidants and anticarcienogenic activity (George 

and Dallaire, 2017). Seed pods of derris trifloate is source of a new flavanone known as 

lupinifolin-4'-methyl ether (78) and figs of Ficus mucuso, is a source of an isoflavone 

mucusisoflavone (79) both of these flavonoids exhibit strong activity against malaria 

fever. Erythrina abyssinica is a source of two flavonoids sigmoidin E (80) and sigmoidin 

B (81) both of these exhibited strong antimalarial activities in humans (Kang and 

Onguene, 2014).         
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1.4. FOLK MEDICINE SYSTEM IN PAKISTAN 

Due to varied climatic condition and ecological zones, Pakistan has huge variety 

of medicinal plants. Nearly 6,000 species of flowering plants are found in Azad Kashmir, 

Pakistan. The local community utilizes nearly 500 species of such plants as therapeutic 

purpose in the country. Most of the medicinal plants are used in "Hikmat". Generally, the 

people of rural and hilly areas of Pakistan especially relay on traditional methods to cure 

diseases. Most of the medicines in Pakistan are imported drugs which are as finished 

products, imported as unprocessed materials and then formulated in tablets, capsules, 

syrups but a large number of people use plants derived traditional medicines. 

Knowledge of traditional medicine is as old as human civilization. In the last 

decade subject of ethno-botany has been introduced in Pakistan. There is need to analyze 

and discover the depriving of traditional knowledge on the relationship between human 

being and plants for this purpose a multidisciplinary science of ethno botany has 

launched. Various prospective of plant use has been recognized by the studies carried out 
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by chemist and expertise human being main problems, like hunger and health, etc. (Shah 

et al, 2012). 

A literature search reveals that nearly 1500 species of therapeutically important 

plants grow in Pakistan. Out of these 300 are utilized by Hakims in rural areas, where 

modern health care facilities are limited and unavailable. A large number of plants are 

imported annually as raw material for synthetic drugs. There is a need to propagate and 

cultivate economically important medicinal plants to develop a system for isolation of 

biologically active constituents of plants, to process and establish scientific data which is 

a base for the development of basic drug discovery in Pakistan. In Pakistan use of folk 

medicines has played a vital role in providing essential health and cultural heritage to a 

large part of the population. Even then, there is no proper system of the utilization of 

medicinal plants in our health care system. In last few decades Homoeopathy, Tibb-e-

Unani, Ayurveda are in use whereas Chinese Traditional System, aromatherapy, Reiki 

and Acupuncture has been introduced only in certain parts of the country (Khan and 

Mahmood, 2006). 

Due to diverse environment, Pakistan avail nine major ecological zones. Nearly 

6000 species of wild plants are found in Pakistan out of these 400-600 species are 

medicinally important. The local people experts of using medicinal plants are mainly 

known as hakims and this system of use of traditional medicines in Pakistan is known as 

Tibbi dawkhanas.Hakims, focus only on vegetative and floral parts of plants but not 

regarding botanical properties and ecological distribution of plants. Ethno-botanical 

aspects of plants in Pakistan are known only to some extent. In recent scientific study, 

regarding traditional uses of plants has been developing in Pakistan and in some 

Northern areas of Pakistan has been documented (Abbasi et al., 2010). Nearly 456 

medicinal plants are utilized to manufacture about 350 formulations to cure different 

diseases. More than one hundred plant species have been used by the local community 

for health care dietary as well as purposes. Ethnobotanical information on plants in 

districts Makran of Balochistan, South Waziristan, Margalla Hills, and National Park 

around motorway (M - 2) in last two decade has been collected (Ahmad and Husain, 

2008). A large number of medicinal plants grow in Pakistan and use only a few of them 

in medicine, therefore the current research has been planned to meet scientific study on 

these plants. 
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1.5. RESEARCH QUESTION AND AIMS OF THE PRESENT STUDY 

Nearly 80% of rural population of Pakistan depends on traditional medicines for 

their health problem. Rural and urban community use herbal medicines in the form of 

different extracts to cure their diseases because they are economic as compare to 

allopathic medicine. 

Despite of wide variety of medicinal plants growing in Pakistan, nearly 90% are 

being imported. Unfortunately, there is no consistent effort has been done to search the 

local flora. Therefore there is a great scope to investigate and study the medicinal value 

of flora of Pakistan. As part of such requirement, we selected two Pakistani plants, 

Seriphidium oliverianum and Caragana Brachyantha to investigate them for their 

medicinal properties and bioactive phytochemicals. The object was to prepare and purify 

their extracts to get pure secondary metabolites, to establish their structures with the help 

of spectroscopic techniques and then to evaluate them for their biological activities. 

1.6. HYPOTHESIS OF THE CURRENT PROJECT 

Owing to the pharmaceutical properties of Seriphidium oliverianum, Caragana 

Brachyantha and their use in local medicine system, it is hypothesized that these plants 

are producing bioactive secondary metabolites.  
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Chapter 2 

Biosynthesis of Flavonoids, Steroids and 

Alkaloids 
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2.1. BIOSYNTHESIS 

It is the process during which organic compounds are synthesized in cells of the 

living organism using a different enzyme systems; Biosynthesis describe the actual 

pathway in which natural products are synthesized. During the current study and along 

with the literature finding it revealed that Seriphidium and Caragana mostly produce 

steroids and phenolics. In my research work, three new alkaloid type compounds have 

been isolated from Seriphidium oliverianum, therefore, biosynthesis of phenolics, 

steroids and alkaloids has been described in this chapter 

2.2. BIOSYNTHESIS OF FLAVONOIDS  

In nature flavonoids (84) widely occur in plants in a free state, as glycosides or 

tannins, consisting of 15 carbon atoms as basic nucleus and usually show yellow color. 

Substituted flavonoids are basically hydroxylated derivatives of 2-phenyl-4-chromone as 

anthoxanthins. These have close resemblance with 

anthocyanidins. In flavonoids, position-5 and -7 are mostly 

hydroxylated, positions 3′, 4′ and 5′ in ring B are also 

hydroxylated. Positions 3′ and 5′ of ring B are often methylated 

while position 5 and 7 of ring A and 4′ of ring B are generally 

unmethylated (Finar, 2008). Flavonoids, isoflavonoids and flavoligans are formed by the 

combination of shikimate and Acetate pathway respectively. Shikimic acid is produced 

as intermediate during the shikimate pathway. Shikimic acid was discovered from plants 

of Illicum species, many years before its precursor role in shikimate pathway. 

2.2.1. Starting Material in the Biosynthesis of Flavonoids 

An amino acid, phenylalanine (85) produces 4-coumaroyl-CoA (86) which act as 

precursor in the biosynthesis of flavonoids. Three enzymes, phenylalanine ammonia-

lyase (PAL), 4-coumarate CoA ligase (4Cl) and cinnamate 4-hydroxylase (C4H) catalyze 

this biochemical reaction. 

The specie, 4-coumaroyl-CoA is added to three molecules of malonyl- CoA (87). 

It gives a polyketide two specific enzymes act on this polyketide to give specific 

products. Stilbenes are produced by enzyme stilbene synthase and chalcones, 

isoliquiritigenin (88) is produced by enzyme chalcone synthase (Scheme 2.1). 
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Scheme 2.1: Production of starting material in the biosynthesis of flavonoids 

These chalcones produced to act as precursors for the biosynthesis of a number of 

flavonoids (Davies, K. M. and Schwinn, K. E. 2006), (Miyahisa et al., 2006) 

(Scheme2.2). 
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Scheme 2.2: Biosynthetic pathway of flavonoids 

2.2.2. Inter-Conversion of Flavanones to Flavonoid Derivatives 

The flavanones by passing through specific biochemical pathways are 

interconnected to different derivatives of flavonoids (Lau, 2008) as illustrated in 

(Scheme 2.3). 
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Scheme 2.3: Inter-conversion of flavanones to flavonoids 

These are position isomer of flavonoids with ring B at C-3 (Figure 2.1). These are found 

in natural products but less common as compare to flavonoids (Finar, 2008). 

 

Figure 2.1: A 15-carbon basic skeleton of isoflavonoids 

Isoflavonoids are a specific subclass of flavonoids. These are formed through Shikimate 

pathway, in which migration of shikimate aromatic ring to adjacent carbon of 

heterocyclic ring takes place through a radical mechanism, with the involvement of 

reductase enzyme NADPH, O2 co-factors and hydroxylase of the cytochrome P-450 



23 

family. Intermediate hydroxy isoflavonones are also formed during these reactions; such 

type of rearrangement reaction is less common. Complete biosynthesis of isoflavonoids 

is illustrated (scheme 2.4) (Dewick, P. M. 2002). 

 

Scheme 2.4: Biosynthesis of Isoflavonoids 

2.3. BIOSYNTHESIS OF STEROIDS 

The basic structure of the steroidal nucleus consists, of 1, 2-cyclopentano-

perhydrophenantherene system. They are an important class of organic compounds. On 

the basis of their origin, these are divided into three classes. Steroids isolated from plant 

source are known as phytosteroids, if they are isolated from animals they are known as 

zoosterols, whereas mycosterols are isolated from fungi. Marine sterols are usually 

obtained from marine organisms. 

Naturally occurring sterols are an important source of nuclei like stigmastane, 

cholestane and ergostane. Some triterpene like lanosterol 41 and cycloartenol 40 is the 

significant precursors of all steroids. Lanosterol is an important precursor of animal 

sterols, whereas, after a series of transformation, phytosterols are obtained from 

cycloartenol. After cyclization squalene (83) gives these two-parent triterpenes i.e. 

cycloartenol & lanosterol. In squalene synthesis mevalonate pathway was adopted, 

acetoacetyl CoA thiolase catalyses, acetyl CoA (82) and transform into acetoacetyl CoA, 

ultimately convert it into 3-hydroxy-3-methylglutaryl-CoA (89). Two enzyme HMG-
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CoA synthase and HMG-CoA reductase transform the organic compound, 3-hydroxy-3-

methylglutaryl-CoA, into mevaldic acid (90) and it finally changes to mevalonic acid 

(91) (Scheme 2.5). 

Mevalonate-kinase phosphorylated react mevalonic acid and converts it into 

mevalonic acid-5-diphosphate (92). The mevalonic acid-5-diphosphate in the presence of 

mevalonate–PP decarboxylase on decarboxylation and dehydration, changes into 

isopentenylpyrophosphate (IPP) (93). Then isopentenyl pyrophosphate (IPP) on 

isomerization produces dimethylallylpyrophosphate (DMAPP) (94) (Scheme 2.5). 

 

Scheme 2.5: Mevalonate pathway; formation of IPP and DMAPP 

IPP (93) and DMAPP (94), on combination, produce geranyl pyrophosphate (GPP) (95). 

In the succeeding step DMAPP and geranyl pyrophosphate (GPP) in the presence of 

enzyme FPP-synthase, get condensed and transform to farnesyl pyrophosphate (FPP) 

(96) (Scheme2.6) (Qureshi and Porter., 1981), and thus leads to the formation of mono 

and sesquiterpenoids (Scheme 2.6) 
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Scheme 2.6: Mevalonate pathway; formation of farnesyl pyrophosphate 

In the next step two molecules of farnesyl pyrophosphate (96) in the presence of a 

catalyst squalene synthase, get condensed and form the presqualen (97). After the 

rearrangement of presqualen the squalene (83) moiety was obtained (Goldstein and 

Brown, 1990). On successive oxidation and non-oxidative cyclization of squalene, 

steroids and triterpenes are obtained (Scheme 2.7) (Abe, 1993). 

 

Scheme 2.7: Conversion of presqualene into squalene 

During the synthesis of lanosterol (41), oxidation pathway of squalene (83) took place 

and an important intermediate 2,3epoxy squalene (98) is also produced (Finar, 2002). 
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Catalysts, cycloartenol synthase and lanosterol synthase react with 2, 3-epoxysqualene 

and transform it into an ionic intermediate (99). 2, 3-epoxysqualene (98) passes through 

a series of 1, 2 migrations and loss of a proton, produce lanosterol (41) and cycloartenol 

(40) (Scheme 2.8) 

 

 

Scheme 2.8: Formation of lanosterol and cycloartenol 

On demethylation, lanosterol (41) releases three methyls and transform itself to 

zymosterol (100). Transformation of lanosterol to cholesterol involves successive step 

14-α methyl of lanosterol on oxidation is removed as formic acid to yielded compound 

(101), by reducing 14-α and 15-β position in (101) the compound (102) is achieved. The 

3β-hydroxyl group is oxidized to a ketone, the 4-α-methyl group is oxidized to 
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carboxylic acid, this intermediate on releasing carbon dioxide yielded (103) moiety. 

Carbonyl group on 3-position is reduced back to 3-β hydroxyl group, 4 α - methyl is 

oxidized to aldehyde, carboxylic acid and then decarboxylated. Compound 103 on 

passing several steps, yielded important steroidal intermediate synthetic compound 100. 

 

Scheme 2.9: Conversion of lanosterol into zymosterol 

Literature search shows that zymosterol (100) can be converted into cholesterol 

(110) by two different routes. The two routes differ only due to bond reduction at C-24. 

In cholesterol biosynthesis bond at C-24, may be reduced at the start or the end of the 

process. On adopting one route, in first step Δ
7
,
 
Δ

8 
isomerase converts 100 into cholesta-

7,24-dien- 3β-ol (104) and Δ
5 

desaturase convertscholesta-7,24-dien-3β-ol into 7-

dehydrodesmosterol (105), which,in the presence of Δ
7
 reductase convert itself into 

desmosterol (106) and desmosterol in the presence of Δ
24

 reductase convert itself into 

cholesterol (110) and in the final step, reduction of the bond at C-24 take place. On the 

other hand on adopting route II, zymosterol (100) in the presence of Δ
24

 reductase 

reduces bond at C-24 in the first step and convert itself into cholest-8(9)-en- 3β-ol. Then 

cholest-8(9)-en- 3β-ol in the presence of Δ
8
, Δ

7
 isomerase transform itself into lathosterol 

(107). Then Δ
5
 desaturase converts the lathosterol into 7-dehydrocholesterol (108) and in 

the end, Δ
7
 reductase reduces the double bond at C-7 and covert the 7-dehydrocholesterol 

(109) into cholesterol (110) (Liscum, 2002) (Scheme 2.9). 



28 

 

Scheme 2.10: Conversion of zymosterol into cholesterol 

2.4. BIOSYNTHESIS OF ALKALOIDS 

Alkaloids are the best studied class of secondary metabolites. Production of the 

specific alkaloid is often restricted to certain plant families. A few amino acid precursors 

namely, ornithine, lysine, nicotinic acid, tyrosine, tryptophan, anthranilic acid and 

histidine are involved in the biosynthesis of alkaloids. Amino acids are the source of the 

nitrogen atom, whereas acetate, via acetyl-CoA is the source of carbon atom in alkaloid 

biosynthesis, shikimate and deoxyxylulose phosphate pathways also incorporated in the 

basic building block of alkaloids. 

2.4.1. Biosynthesis of Coniine 

Biosynthesis of coniine is surprising as it excluded Lysine as a precursor, instead 

of fatty acid precursor, capric acid is utilized in biosynthesis of coniine. Capric acid  

(scheme 2.11) is transformed into ketoaldehyde by successive oxidation and reduction 

process. Trans-amination take place at carbonyl carbon by L-alanine. During successive 
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transformation, imine formation leads to γ-coniceine, which leads to coniine by reducing 

enzyme (NADPH). (Dewick, P. M. 2002). 

 

Scheme2.11: Biosynthesis of coniine 

2.4.2. Biosynthesis of Nicotinic Acid 

The structure of nicotinic acid consists of pyridine nucleus and a carboxyl group; in 

animals it is synthesized by the degradation of L-tryptophan, through kynurenine 

pathway and 3-hydroxyanthranilic acid, whereas a precursor for nicotinic acid in 

nicotiana plant are glyceraldehyde-3-phosphate and L-aspartic acid, dibasic quinolinic 

acid is produced in both the cases, which on decarboxylation yield nicotinic acid 

(scheme 2.12, 2.13 Dewick, PM. 2002). 
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Scheme 2.12: Biosynthesis of picolinic acid 

 

Scheme 2.13: Biosynthesis of nicotinic acid in nicotiana plant   
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2.5. PROPOSED BIOSYNTHESIS OF NITROPHENYL DIHYDROPYRIDINE DERIVATIVES 

2.5.1. Proposed biosynthesis of diethyl-2, 6-di-phenyl-4-(3-nitrophenyl)-1, 4-

dihydropyridine-3, 5 dicarboxylate (267) 

The current study resulted in the isolation of three new alkaloid type compounds 

(267-269) therefore, their possible biosynthetic pathway has been discussed. Literature 

search supports the chemical synthesis of compound (267) its biosynthesis have not been 

studied yet, so propose biosynthesis mode has been adopted, which starts with D-glucose 

(111), that on passing through glycolysis changes to glucose 6-phosphate (112) acetyl-

Co-A (82), Krebs cycle changes this Co-enzyme into L-aspartic acid that ongoing 

through metabolic pathways produce L-lysine (113). Lysine is a source of „C5N‟ and 

produces piperidine (114). Dehydrogenase (NAD
+
) changes piperidine into pyridine 

(115). An amino acid, methionine(C-alkylation) changes pyridine into 3, 5-dimethyl 

pyridine(116), Co-enzyme oxygenase convert it into 5-carboxyl nicotinic acid (117), 

then malonyl-Co-A and phenylalanine changes (117) into diethyl-2,6-diphenyl, pyridine-

3,5-dicarboxylate (118). Orthocresol (119), on rearrangement changes to m-cresol that 

on oxygenation converted into 3-methylcyclohexa-2, 4-dienone (120). Compound (120), 

on transamination, aromatization and oxygenation changes to m-nitrobenzoic acid (121), 

then compound (118) and (121) decarboxylating and reducing enzyme changes to 

diethyl-2, 6-di-phenyl-4-(3-nitrophenyl)-1, 4-dihydropyridine-3, 5-dicarboxylate (267) 

(Dewick, 2002). The whole pathway has been summarized under (scheme 2.14). 
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Scheme 2.14: Proposed biosynthesis of compound 267 

2.5.2. Proposed biosynthesis of 2, 6-diacetyl-3, 5-dimethyl - 4 - (3- nitrophenyl)-1 , 4- 

dihydropyridine (268) 

Biosynthesis of compound 268 is analogous to that of compound 267, with 

difference in step starts from (116), where methionine (C-alkylation at 3,5) and acetyl 

CoA (82), acylation at -2,6 produces 2,6-diacetyl-3,5-dimethylpyridine (122). Then 

compound (121) and (122) on decarboxylation and reduction produces, 2,6-diacetyl-3,5- 

dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine (268) (scheme 2.15) (Dewick, P. M. 

2002) 
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Scheme 2.15: Proposed biosynthesis of compound 268 

2.5.3. Proposed biosynthesis of diethyl-2, 6-di-methyl-4-(3-nitrophenyl)-1,4-

dihydropyridine-3,5-dicarboxylate (269) 

Biosynthesis of 269 is similar to compound 267 difference occur at step 117 

where manoyl Co-A and methionine, produce compound diethyl-2, 6-dimethyl, pyridine-

3, 5-dicarboxylate (123). Then 121 and 123 on the succeeding step give required 

phytochemical, diethyl-2,6-di-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-

dicarboxylate (269) (scheme 2.16) (Dewick, P. M. 2002). 
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Scheme 2.16: Proposed biosynthesis of compound 269 
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Chapter 3 

Literature survey of the Genera Seriphidium 

& Caragana, and the Plants Seriphidium 

oliverianum & Caragana brachyantha 
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3.1. THE GENUS SERIPHIDIUM 

Seriphidium is the largest genus of the family Asteraceae. Nearly 130 species of 

this genus are found in North America, North Africa and the Asia-Europe continent of 

North Hemisphere (Zhong, 2007). Semiarid and temperate zones are major habitat of 

these species. A large number of species of this genus are perennial; only 10 species are 

biannual or annual. Seriphidium and Artemisia have identical genetic features, but 

literature search reveals that Seriphidium and Artemisia are two different groups of plants 

as their monoclinic are entirely different (Zhong ., 2007). Some commonly found species 

of this genus are S. freitagii (Podl.), S. brevifolium (Wall. ex DC.), S. glanduligerum 

(Krash. ex Poljakov), S. leucotrichum (H. Krasch ex. Ladyg.), S. Kurramense (Qazilb.), 

S. oliverianum (J. Gray ex Besser), S. quettense (Podl, Ling), S. sieberi (Besser), S. 

turanicum (Krasch, Poljakov) and S. stenocephalum (Krasch. ex Poljakov) Poljakov 

(Abid and Qaiser, 2009). 

3.1.1. Medicinal Value of the Relatives of Seriphidium 

Several species of the genus Seriphidium are utilized for different purposes like 

food, soil stabilizers in disturbed areas, forage, ornamentals, and also in folk medicine 

systems (Hayat et al., 2009). In Turkey and the Middle East, Seriphidium species are 

used to cure gastrointestinal disorders, diabetes and high blood pressure. Seriphidium 

annua and Seriphidium indica are source of artemisinin (124) which is used to cure 

malaria. The Seriphidium dubia has potential against ulcer, asthma, scabies and 

purgative agents, while S. absinthium L. possesses antimicrobial, antifungal and 

anthelmintic activities. In Pakistan S. brevifolia is used as an anthelmintic agent in the 

ethno-veterinary medicine system (Mahmood et al., 2011). S. kurramense is a source of 

santonin which has medicinal value due to α-thujone 1, 8-cineole β-caryophyllene and β-

thujone and is transported to other countries for extraction of essential oils commercially 

(Gilani et al., 2010). Seriphidium santolium has been known as source of tetracosyl p-

coumarate (125), apigenin (126) chrysoeriol (127) luteolin (128) and apigenin-7-O-β-D-

glucopyranoside-(3'-O-7")-quercetin-3"-methylether (129) (Deng et al., 2004). Luteolin 

(128) possesses anti-microbial, anti-oxidant, anti-inflammatory activities and also used 

as a drug against lung cancer, acute gastric cancer and myocardial infarction (López-

Lázaro, 2009). 
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Seriphidium santolium Poljak is producing hispidulin (130), tricin (131), eupatilin 

(132), pectolinarigenin (133), 5,7-dihydroxy-6,3',4',5'-tetramethoxyflavone (134), 3,6-O-

dimethylquercetagetin-7-O-β-D-glucoside (135), 5,7,4'-trihydroxy -6,3',5'-

trimethoxyflavone (136) taraxeryl acetate (137), taraxerol (138), 6-hydroxy-5,7-

dimethoxy-coumarin (139) (Deng et al., 2004). Several of above phytochemicals are 

biologically active as
 
hispidulin (130) is used as anti-oxidative and anti-inflammatory 

drug (He et al., 2011), tricin (131) is used as chemopreventive agent (Deng et al., 2004) 

eupatilin, (132) showed cytotoxic activity (Shawi et al., 2011). Pectolinarigenin (133) 

acts as anti-allergic and anti-inflammatory drug (Lim et al., 2008). 
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Seriphidium balchanorum Krasch is a unique species of the genus Seriphidium 

and is a source of costunolide (140), balchanin (141) balchanolide (142) hydroxy 

costunolide (143), balchanolide acetate (144), hydroxy balchanolide (145). Seriphidium 

fragrans and Seriphidium taurica produced vulgarin (tauremisin, (146) whereas vachanic 

acid (147) was isolated from Seriphidium vachanica krasch, (Geissman and Irwin). 

 

S. nova and S. tripartia are source of deoxycumambrin (148), cumambrin A (149) 

and cumambrin B (150). S. juncea, S. tridentata, S. canapursh, S. lercheana and S. 

leucods species are source of deacetyloxy matricarin (151), matricarin (152) and 

deacetylmatricarin (153) (Geissman and Irwin). 
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Seriphidium oliverianum is distributed in Afghanistan, Iran, Pakistan and Central 

Asia. It grows widely in sandy-clay soils on small hills of Baluchistan, Pakistan. 

3.1.2. Botanical Properties of Seriphidium oliverianum  

Seriphidium oliverianum grows in temperate climates and is found as hardy 

shrub (Watson et al, 2002). It is a densely shrub let being 40-60 cm in length. It has 

branched stems and roots, the plant body is greenish-yellow to brownish-yellow in 

color. It bears 5-7 flowers and these are greenish-yellow in color (Bremer and 

Hempries, 1991). 
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3.1.3. Classification of Seriphidium oliverianum 

Phylum Magnoliophyta 

 

Class Magnoliopsida 

Order Asterales 

Family Asteraceae 

Genus Seriphidium 

Specie Oliverianum 

3.1.4. Medicinal Importance of Seriphidium oliverianum 

S. oliverianum is a source of anti-oxidant compounds as its leaves extract contain 

major constituents like kaempferol-3-O-β-D-glucopyranoside (160), gallic acid (71) and 

1, 2, 4, 6-O-tetra-galloyl-β-D-glucopyranoside (155). These compounds possess DPPH 

radical scavenging activity (Ho et al., 2012). This plant is used against the disease caused 

by overproduction of radicals (Ho et al., 2012). 

3.1.5. Previous Phytochemical Investigation of Seriphidium oliverianum 

Literature search on Seriphidium oliverianum stated that the specie is being used 

in folk medicine and having biological significance but a very little phytochemical 

investigation has been carried out to till now. There is only one report published on the 

secondary metabolites of Seriphidium oliverianum, which revealed the presence of gallic 

acid methyl ester (154), gallic acid (71), 1,2,4,6-O-tetra-gallolyl- β-D -glucpyranoside 

(155), quecetin-3-O-β-D-(2ʺ-galloyl)-glucopyranoside (156), 1,2,3,4,6–O-penta-galloyl-

β-D-glucopyranoside (157), quercetin-3-O-β-D-glucopyranoside (158), quercetin-3(2-β-

D-galloylglucoside (159), kaempferol-3-O-β-D-glucopyranoside (160) and quercetin-3-

O-α-1-arabinopyranoside (161) in the extract (Ho et al., 2012). Among the above 

compounds, 156 and 158 have strong DPPH radical scavenging activity with IC50 values 

of 3.1 and 2.9 μM, respectively. Moreover, 161 was less antioxidant than that of 159 and 

that could be due to the presence of catechol moiety in 159 (Ho et al., 2012). 
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Seriphidium oliverianum is rich with phytochemicals, as its methanolic extract 

exhibited active natural products, namely 5,8-dihydroxy-6,7,4ʹ-trimethoxy flavones 

(162), 5-hydroxy,6,7,4ʹ-trimethoxy flavones (163), 5,7-dihydroxy-6,3ʹ,4ʹ-trimethoxy 

flavones (164), 5,7,4ʹ-trihydroxy-6,3ʹ-dimethoxyflavone (165), 5,4-dihydroxy-6,7-

dimethoxy flavones (166), 5,6-dihydroxy-7,3ʹ,4ʹ-trimethoxyflavone (167) , 5,3ʹ,4ʹ-

trihydroxy-6,7-dimethoxyflavone (168), 5,6,4ʹ-trihydroxy-7,3ʹdimetoxyflavone (169), 

7,4ʹ -dihydroxy-3,5,6-trimethoxyflavone (170), 5,7,3ʹ,4ʹ tetrahydroxy-3,6-

dimethoxyflavone (171), 3,6-O-dimetylquercetagetin-7-O--D-glucoside (172). These 

isolates were evaluated for anti-oxidant and anti-urease activities (Shafiq et al., 2014). 



42 

 

 

  



43 

3.2. THE GENUS CARAGANA 

The genus Caragana is among the important genera of family Fabaceae, widely 

distributed in grassland and desert areas while rarely found in the forest (Ma et al., 

2008). This genus consists of nearly 80 species out of which 10 species have so far been 

identified in Pakistan. Caragana conferta is a shrub which grows in Asia, South-East 

Europe and Africa. In Pakistan Caragana brachyantha, C. ambigua and C. conferta 

grow in Gilgit, Ziarat and Kashmir Valley at an altitude of 7000-12,000 feet above as sea 

level (Ali and Qaiser, 2001). 

This genus offered the verity of bioactive compounds from different groups of 

secondary metabolites such as stilbenoids, flavonoids, and terpenoids. Several species of 

this genus have been reported for traditional folk medicinal use, for the treatment of 

several diseases such as rheumatism, atherosclerosis, neuralgia, inflammation and 

arthritis (Sun et al., 2015). 

3.2.1. Previous Phytochemical Investigations of the Genus Caragana 

Many species of the genus Caragana are well known in China and Korea because 

of their medicinal potential against various infections like inflammation, neuralgia, 

hypertension and arthritis (Khan et al., 2009). Furthermore they played a fundamental 

role in providing life-supporting environment (Ma et al., 2008). Caragana changduensis 

is a Chinese shrub, which is used to treat olycythemia, menstrual disorder and 

hypertension; Secondary metabolites, 7-hydroxy-4'-methoxyisoflavone (173), 

7,4'dihydroxy 3'-methoxyisoflavone (174), 7,3',4'-trihydroxyisoflavone (175), 

(6aR,11aR)-3,4-dihydroxy-8,9-methylenedioxypterocarpan (176) (6aR,11aR)-4-hydroxy-

3,9- dimethoxypterocarpan (177), (6aR,11aR)-3,4-dihydroxy-9-methoxypterocarpan 

(178), 2,3-bis[(4-hydroxy-3, 5dimethoxyphenyl)-methyl]-1, 4-butanediol (179), (+)-

isolariciresinol (180) and 5-methoxy-(+)-isolariciresinol (181) have been identified from 

this plant (Sun et al., 2015). 
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Caragana changduens is traditionally used to prevent elevation of red blood cells 

in the blood and remove lymph in the blood by promoting blood circulation. It is also a 

source of 7,3'-dimethoxy-5'-hydroxy-isoflavone (182) (8S) 2,4-dihydroxy-8-

hydroxymethyl-4'-methoxydeoxybenzoin (183) 6 , 7, 2'- trihydroxy-4'-

methoxyisoflavone (184), methyl 4-hydroxylbenzoate (185), ethyl 4-hydroxybenzoate 

(186), methyl, 2 , 4-dihydroxybenzoate (187), piceatannol (188) and cararosin A (189) 

(Guo et al., 2017). 
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C. tangutica is found in native to North-West of China. Its root and woody part is 

locally used for the treatment of various ailments like hyperlipidemia, atherosclerosis, 

blood circulation disorder and hypertension. Present investigation revealed its potential 

in anticancer and anti-hepatocellular carcinoma (HCC) activity (Qiuxia et al., 2009). The 

phytochemical investigation of ethyl acetate extract has resulted in the isolation of 3-O-

6′-O-acrylyl-β-D-galactopyranoside (190), (-)-maackiain 3-O-β-D-glucopyranoside 

(191), (-)-maackiain 3-O-6′-O-methyl malonate-β-D-glucopyranoside (192) and (-)-

maackiain 3-O-6′-O-acetyl-β-D-glucopyranoside (193) (Yang et al., 2016). 

 

Niu et al, in 2013 also identified various secondary metabolites including, 

maackiain (194), medicarpin (195), melilotocarpan A (196), 2-(2', 4'-dihydroxyphenyl)- 
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3-methyl-6-methoxy benzofuran (197), 6,7-dihydroxy-4'-methoxy isoflavone (198), 7-

hydroxy-4'-methoxy isoflavone (199), 7,3'-dihydroxy-5'-methoxy isoflavone (200) 5 , 2' 

4',-trihydroxy-7-methoxy isoflavone (201), chalcone (202) p-ethoxybenzoic acid (203) 

and as well as flavan (204) (Niu et al 2013). 

 

Caragana sinica occupies a large area and distributed in Japan, China and Korea. 

Its dried roots are used for curing vascular hypertension, heumatism, rheumatism, 

leukorrhea, syndrome and wounds. C. sinica is a source of oligostilbenes which possess 

anti-oxidative, anti-inflammatory and anti-acetylcholinesterase activities. Wistin (205), 

betulinic acid (206), pallidol (207), caragasinin C (208) (Jeong et al., 2017), (+)-α-

viniferin (209) miyabenol C (210) and kobophenol (211) have been reported from C. 

sinica (Menga et al., 2009). 
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C. sinica is a shrub distributed in Korea, China and Japan having a medicinal 

value in the treatment of vascular hypertension, bruises, arthritis, rheumatism and 

migraine. Various bioactive phytochemicals were isolated from its crude ethyl acetate 

extract. It included caragasinins A (212) caraphenol B (213), caragasinins B (214), (+)-

iso-ampelopsin F (215) (+)-ampelopsin F (216) and carasinaurone (217) (Jinet al., 2012).  
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In Pakistan Caragana ambigua is found in Kashmir Valleys, Gilgit and Ziarat at 

about 7,000 to 12,000 feet above from sea level. C. ambigua known as Makhi, increases 

soil fertility and it is used as fodder and fuel wood (Sarangzai et al., 2013). Literature 

search showed that its dried roots are source of saponins, tannins and alkaloids (Kayani 

et al., 2007). It has been reported that methanolic extract of C. ambigua contains, β-

sitosterol 3-O-β-D-glucopyranoside (218) ambiguanol (219), E-cinnamic acid (220), 3, 

3', 4', 5, 7-pentahydroxyflavane (221), 5-hydroxy-3',4', 6,7-tetramethoxyflavone (222) 

and calycosin (223) (Majida et al., 2011). 
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In Himalayan state, people cultivate Caragana jubata and use its aerial parts to 

cure blood circulation disorders, hypertension, cardiovascular diseases and hyper-

lipidemia as folk medicine. Methanolic extract of C. jubata showed activity in the 

antioxidant assay (Mandal et al., 2016). A number of bioactive constituents namely 

isoampelopsin F (224), miyabenol C (225), caraphenol B (226), caraphenol A (227) and 

caraphenol C (228) have been isolated from flower parts, stem and root 

chromatographically (Hong et al., 2001; Menga et al., 2009). 
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Caragana sukiensis is a perennial shrub, grows in arid and sub arid habitat of 

Eurasia. Ethanolic extract of C. sukiensis possesses antimicrobial activity against the 

fungus Cryptococcus neoformans (Mandal et al., 2015). It is known that sukienside B 

(229), sukienside A (230), 3-O-β-D-xylocyclosiversigenin (231), sukienside C (232), β-

amyrin (233) and cyclosiversigenin 234) have been isolated chromatographically from 

ethyl acetate extract of aerial parts of C. sukiensis. 
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Caragana conferta is also a shrub growing in the south-east Europe, Africa and 

Asia. Its ethanolic extract exhibited toxicity in the brine shrimp lethality test, and is 

known to produce, 3,3- bis(4-hydroxuphenyl) isobenzofuran-1-one (235), 7,5'- 

dihydroxy-2'-methoxy isoflavone (236) 7 -hydroxy- 4'-methoxy isoflavone (237) and 

5,6,7- trihydroxy-4'-methoxy isoflavone (238) (Khan et al., 2010). In addition, docosyl-3, 

4-dihydroxy-trans cinnamate (239), tetracosyl-3,4-dihydroxy-trans cinnamate (240) and, 

3'5'-dihydroxy-7,4'-dimethoxy isoflavone (241) have been isolated from C. conferta 

(Khan et al., 2008). 

Caragana tibetica is found in Sichuan, Yunnan, Gansu and Tibet area of China; it 

is used to treat atherosclerosis, hypertension, hyperlipidemia and arthritis. Its 70% 

acetone extract of stem possesses potent superoxide anion scavenging activity. Several 

piceatannol dimer namely tibeticanol (242), cassigarol G (243) and cassigarol E (244) 

have been isolated from its 70% acetone extract (Xiang et al., 2005). 
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Caragana bungei is branched spiny shrub found in the desert steppes and valleys 

of mountain river of eastern and western Siberia. In traditional medicine of Tuva and 

Buryatia region, its flowering shoots are used as anti-inflammatory and immunostimulant 

(Aseeva et al, 2008). Phytochemical study of caragana bungei, showed number of 

metabolites namely, Umbelliferone (245), kaempferol (246), quercetin (74), 3, 5-di-o-

caffeoylquinic acid (247), 5-O-caffeoylquinic acid (248), nicotiflorin (249) and rutin 

(250), gallic acid (71), caffeic acid (73) and β-sitosterol (251) (Daniil et al., 2012). 
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Caragana microphylla is found in Northern and Western China. Plant parts are 

used as anti-inflammatory, antioxidant, antiviral, anticancer and analgesic (Tai et al., 

2010). Its seed has been used as a folk medicine for curing painful and swollen throat 

(Shanghai Scientific and Technical press, 1985). Ethanolic extract of C. microphylla 

seeds is a source triterpenoids saponin namely caraganoside C (252) and caraganoside D 

(253) (Gui et al., 2011). 

 

A small shrub Caragana intermedia is found in desert of North-West of China. 

The stem, roots and blossoms of this plant is locally used for treatment of various 

diseases like menstrual disorder, asthenia and fatigue (Shanghai Science and Technical 

press, 1985). Its chloroform extract of aerial part is a source of sesquiterpene, (-)-

alloaromadendrane-3β, 9-β diol (254) (Zhi et al.,2007) and seven eudesmane-type 

sesquiterpene namely, 4(15)-eudesmane-1β,7β-diol (255), eudesma-4(15)-7dien-1β-ol 

(256), 4(15)-eudesmane-1β ,7α-diol (257), 7-trinoreudesma-4,8-dien-1β-ol-7-one (258), 

5-epi-eudesma-4(15)-ene-1β, 6β-diol (259), 4 (15)-eudesmane-1β, 5α-diol (260) and 4 

(15)-eudesmane-1β, 6α-diol (261). 
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3.2.2. Caragana brachyantha 

3.2.3. Botanical Classification of Caragana brachyantha 

Kingdom: 

Order: 

Clase: 

Family: 

Subfamily: 

Genus: 

Species: 

Plantae 

Fabales 

Magnoliopsida 

Fabaceae 

Faboideae 

Caragana 

C. brachyantha  

3.2.4. Previous Phytochemical Work Done on Caragana brachyantha 

Caragana brachyantha is widely cultivated shrub in Baluchistan province 

(Parveen et al., 2014). Bioactive metabolites reported from C. bracyantha include 

brachysides C-D (262-263), quercetin 5-O-[α-L-rhamnopyranosyl-(1-6)]-β-D-

glucopyranoside (264) kaempferol 5-O-[α-L-rhamnopyranosyl-(1-6)-β-D-

glucopyranoside] (265) and kaempferol 5-O-β-D-glucopyranoside (266) (Perveen et al., 

2014). 
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Chapter 4 

Results and Discussion 
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Part A 

Chemical Profiling, Phytochemical Isolation, Antioxidant and 

Enzyme Inhibition of Seriphidium oliverianum 

4.1. BIOLOGICAL SCREENING OF CRUDE EXTRACTS OF SERIPHIDIUM OLIVERIANUM 

 Different polarity solvent extracts i.e. Seriphidium oliverianum methanol: So-

M, Seriphidium oliverianum hexane: So-H, Seriphidium oliverianum ethyl acetate: So-E 

and Seriphidium oliverianum water: So-W were tested for antioxidant potentials through 

(2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulphonic acid (ABTS), ferric reducing antioxidant power (FRAP), cupric reducing 

antioxidant capacity (CUPRAC), phosphomolybdenum, metal chelation assays (Table 

4.1) and for selective enzyme inhibitory assays (α-glucosidase, α-amylase and 

tyrosinase) (Table 4.2). This analysis revealed that So-M offered the most convincing 

results in DPPH (172.30 mgTE/g extract), ABTS (366.72 mg TE/g extract), CUPRAC 

(488.51 mgTE/g extract), FRAP (244.05 mgTE/g extract) and phosphomolybdenum 

(3.05 mmolTE/g extract) antioxidant assays which are in agreement to the highest 

phenolic (68.27 mgGAE/g extracts) and flavonoid content (20.54 mgRE/g extract) of So-

M (Marini et al., 2018). 

 All extracts of S.oliverianum were also tested for their inhibitory potential 

against, α-glucosidase, α-amylase and tyrosinase (Table 4.2). In α-tyrosinase inhibition 

assay, following order of the activity potential was observed So-H > So-E > So-W > So-

M (82.04 >73.62 >71.94 >69.66). Thus in tyrosinase inhibition assay, So-H showed 

highest inhibition power i.e. 82.04 and So-M exhibited the least potential (69.66 

mgKAE/g). In amylase inhibition So-H displayed the highest value of inhibition (0.71 

mmolACAE/g extract), whereas So-E possesses least (0.43 mmolACAE/g extract) 

potential. In glucosidase inhibitory test, So-w showed value as 2.08 mmolACAE/g 

extract and So-E (1.26 mmolACAE/g extract). So-w exhibited the highest inhibitory 

potential in anti-diabetic assays. So-H exhibited comparatively higher enzyme inhibition 

in tyrosinase and amylase then So-E and So-w (Table 4.2). 



58 

 

Table 4.1: Antioxidant properties of S. oliverianum extracts 

 

 

Radical scavenging assays Reducing power assays Total antioxidant activity Ferrous ion chelation 

DPPH (mgTE/g 

extract) 

ABTS (mgTE/g 

extract) 

CUPRAC (mgTE/g 

extract) 

FRAP (mgTE/g extract) 

Phosphomolybdenum 

(mmolTE/g) 

Metal chelaing 

(mgEDTAE/g) 

So-M 172.30±0.22 366.72±1.70 488.51±8.86 244.05±6.23 3.05±0.08 10.15±1.20 

So-H 47.28±4.05 81.71±2.33 185.28±0.71 74.81±3.14 4.77±0.20 49.37±0.71 

So-E 140.86±2.37 231.37±0.23 319.25±16.4 188.99±3.11 1.82±0.09 2.16±0.57 

So-W 153.33±1.11 280.68±1.30 314.41±5.33 211.35±0.96 1.60±0.03 6.77±0.41 

*
Values expressed are means ± S.D. of three parallel measurements. TE: Trolox equivalent; EDTAE: EDTA equivalent. 

 

Table 4.2: Enzyme inhibition activities of S. oliverianum extracts 

Plant extracts 

Tyrosinase 

(mgKAE/g extract) 

α-Amylase 

(mmolACAE/g extract) 

α-Glucosidase 

(mmolACAE/g extract) 

So -M 69.66±1.81 0.59±0.02 1.62±0.02 

So -H 82.04.±8.31 0.71±0.07 1.63±0.04 

So -W 71.94±2.95 0.50±0.01 2.08±0.03 

So - E 73.62±9.47 0.43±0.04 1.26±0.01 

* 
Values expressed are means ± S.D. of three parallel measurements. 

GALAE: Galatamine equivalent; KAE: Kojic acid equivalent; ACAE: Acarbose equivalent; na: not active. 
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4.2. ESTIMATION OF TOTAL PHENOLIC AND FLAVONOID CONTENTS IN THE EXTRCATS 

OF SERIPHEDIUM OLIVERANUM 

Keeping in view the biological potential of various fractions (So–M, So–H, So-W 

and So-E) of S.oliverianum, they were subjected to estimation of total phenolic and 

flavonoids contents. 

4.2.1. Total Phenolic and Flavonoid Contents Estimation 

This investigation revealed the highest phenolic content in So-M with value of 68.27 

mgGAE/g extracts, while in flavonoid estimation assay, So-M afforded 20.54 mgRE/g 

extract of flavonoid contents; for other extracts the contents range between 12.48-19.01 

mgRE/g extract (Table 4.3). Therefore, the highest antioxidant potential of So-M was 

attributed to highest phenolic contents. These results are in accord with similar reports 

where the antioxidant potential of the substances is dependent on phenolic contents ((Marini 

et al, 2018; Shafiq., et al 2014). However enzyme inhibitory activities of So-H were 

comparable to literature but could not be related with its phenolic or flavonoid contents. 

 

Table 4.3: Total phenolic and flavonoid contents of S. oliverianum extracts* 

Solvents 
Abbreviatio

n 

Total phenolic content (mgGAE/g 

extract) 

Total flavonoid content 

(mgRE/g extract) 

Methanol So-M 68.27±0.42 20.54±0.16 

Hexane So-H 31.80±0.21 16.64±0.89 

Water So-W 47.51±0.45 19.01±0.17 

Ethyl 

Acetate 
So-E 48.05±1.03 12.48±0.07 

* 
Values expressed are means ± S.D. of three parallel measurements. GAE: Gallic acid equivalent; 

RE: Rutin equivalent. 

 

Hexane fraction was subjected to purification as it was found more active in 

tyrosinase and α-amylase activities. As a result it yielded three (267,268 and 269) new 

secondary metabolites along with four (270 - 273) known compounds, while ethyl acetate 

fraction on chromatographic separation offered eleven (130, 133, 134, 136, 154, 160, 274-
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278) known phytochemicals. Various chromatographic techniques implemented are 

described in experimental part. The structures of new and known compounds were 

established through spectroscopic techniques (IR, UV, 2D NMR, and EIMS). The structure 

elucidation of these compounds is given as below: 

4.3. SPECTROSCOPIC CHARACTERIZATION OF PHYTOCHEMICALS ISOLATED FROM 

SERIPHEDIUM OLIVERANUM 

4.3.1. Characterization of diethyl-2, 6-diphenyl-4-(3-nitrophenyl)-1, 4dihydro-pyridine-

3, 5-dicarboxylate (267) 

Compound 267 was isolated as pale yellow amorphous solid, which showed absorption 

bands in the IR spectrum at 3355 (secondary amine), 

1640 (olefinic system), 1710 (carbonyl function), 

1590, 1520, 1475 (aromatic system) and 1510, 1480 

(nitro function) cm
-1

. Presence of the nitro group in 

267 was substantiated chemically, since the compound 

oxidized ferrous hydroxide to ferric hydroxide [Fe (II)] 

was oxidized by nitro function to [Fe (III) red- brown 

precipitates]. The molecular mass of compound 267 

was established through ESIMS, which displayed a pseudo-molecular ion peak at 497 [M-

H]
-
, whereas the HRESIMS (m/z 497.1721 [M-H]

-
) showed in negative mode, depicted the 

molecular formula C29H26N2O6 with 18 Index of Hydrogen Deficiency (IHD). 

The detailed study of the 
1
H-NMR spectrum (Table 4.4) of 267 showed the presence of 

two aromatic moieties. First, aromatic system signals were seen at δ 8.41 (1H, t, J = 1.8 Hz) 

, 8.08 (1H, br. dd, J = 7.9, 1.6 Hz), 7.92 (1H, br d, J = 7.6 Hz) and 7.49 (1H, t, J = 7.9 Hz), 

were attested for a 1,3-disubstituted benzene ring substantiated through the COSY spectrum, 

whereas, the second set of aromatic proton signals for two identical mono-substituted 

benzene rings displayed their positions at δ 7.40 (2H, m, overlapped), 7.37 (4H, m, 

overlapped) and 7.35 (4H, dd, J = 7.6, 1.7 Hz). Another broad singlet observed at δ 6.05 was 

attested for secondary amine proton. Resonance of a singlet methine at δ 5.32 and its 

correlation in HSQC spectrum with the carbon at δ 40.0 indicated that this proton must be 
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located between several sp
2
 hybridized carbon atoms. Ethoxyl moiety in 267 could be 

established due to two more proton resonances at δ 3.90 (4H, q, J = 7.0 Hz) and 0.88 (6H, t, 

J = 7.0 Hz). 

The above discussion depicted a symmetrical structural features of compound 267, 

which was further substantiated due to 
13

C-NMR spectral analysis ( Table 4.4) of 267. The 

13
C-NMR spectrum of 267 afforded total 16 carbon signals, which, due to DEPT 

experiments, were sorted out as six quaternary carbon atoms (δ 166.4, 149.3, 148.5, 146.4, 

136.1 and 103.4, eight methine carbons (δ 134.3, 129.5, 129.0, 128.5, 128.0, 122.7, 

121.7and 40.0), one methylene (δ 60.0) and one methyl carbon atom (δ 13.6). Further, 

COSY and HSQC analysis attested the carbon resonances at δ 149.3, 148.5, 134.3, 129.0, 

122.7 and 121.7 for a 1,3-disubstituted benzene ring, while, the resonances at δ 136.1, 129.5, 

128.5 and 128.0 were identified for two chemically equivalent mono-substituted benzene 

rings. Further carbon signals at δ 166.4 (C), 60.0 (CH) and 13.6 (CH3) were attributed to two 

ethyl carboxylate units. The above identified moieties (one nitro group, three aryl units and 

two carboxylate moieties) in 267 satisfied 15 IHD, while the remaining three IHD could be 

justified for a 1, 4-dihydropyridine ring, which was substantiated due to the carbon 

resonances at δ 146.4, 103.4 and 40.0. 

The relatively downfield shift of methylene at δ 4.03 (H-1', 1) and its HMBC (Figure 

4.1) correlation with the carbonyl carbon (δ 166.4) confirmed its attachment with the 

carboxylate function. The nitro group could be linked at C-11 due to splitting pattern of 

aromatic protons. A detailed HMBC analysis confirmed various linkages in 267, and finally 

the structure of 267 was elucidated as diethyl-2,6-diphenyl-4-(3-nitrophenyl)-1,4-

dihydropyridine-3,5-dicarboxylate, that has been reported as a synthetic compound (Rowan 

et al., 1996; Sundar et al., 2006) but its discovery from natural product source is being 

reported for the first time. 
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Figure 4.1: Important HMBC (H→C) co-relation of 267 

4.3.2. Characterization of 2, 6-diacetyl-3,5-dimethyl-4-(3-nitrophenyl)-1,4-

dihydropyridine (268) 

Compound 268 was also obtained as yellow amorphous solid. The IR spectrum obtained 

for 268 was nearly similar to that of compound 267, while the 

HR-ESIMS (m/z 313.1165 [M-H
-
]) of 268 corresponded to 

the molecular formula as C17H18N2O4 with ten IHD, which 

predicted the analogous relation between compounds 267 and 

268. The proton NMR spectrum of 268 ( Table 4.4) 

witnessed only 1,3-disubstituted benzene ring and the signals 

of two mono-substituted aromatic rings (as found in 267) 

were missing; however, other resonances, like for secondary amine and aliphatic methine 

were seen at the same position (δ 5.91, 1H, s) and (5.26, 1H, s) respectively. Two signals of 

six hydrogen each were found at δ 2.35 (6H, s) and 2.25 (6H, s), which were attested for 

acetyl and allelic methyl groups respectively. The 
13

C NMR spectrum was in full support of 

the mass and 
1
H NMR data, since it displayed total of 12 chemical shifts (Table 4.4), 

identified as two methyl, four methine and six quaternary carbon atoms. On the other hand, 

chemical shifts of dihydropyridine ring carbons were observed at δ 143.6, 113.6 and 39.5, 

whereas, the carbonyl carbon resonated at δ 196.9. Other data was identical to that of 

compound 267. The alleic methyl showed its position at δ 20.6, while acetyl system could be 

substantiated due to ketone function and methyl carbon resonances at δ 196.9, 30.4, 

respectively. However, the spectrum was missing ethyl carboxylate moiety as were found in 

267. 
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All connections were accomplished through COSY, HSQC and HMBC spectral analysis. 

Based on HMBC (Fig.4.2) interactions of H-4 ( 5.26) with methyl carbon at  20.6 and 

vice versa, the two allelic methyl were placed at C-3 and C-5 positions of dihydropyridine 

ring. Thus acetyl moieties were fixed at C-2 and C-6 supported by further HMBC analysis, 

which finally led to the structure of compound 268 as 2, 6-diacetyl-3,5-dimethyl-4-(3-

nitrophenyl)-1,4-dihydropyridine, which is a new natural product. 

                               

Figure 4.2: Important HMBC (H→C) co-relation of 268 

4.3.3. Characterization of diethyl-2, 6-dimethyl-4-(3-nitrophenyl)-1, 4-dihydropyridine-

3, 5-dicarboxylate (269) 

Compound 269 was also separated as yellowish amorphous solid which showed 

blue-green fluorescence under UV at 360 nm. The IR 

spectrum of 269 showed absorption bands at 3365 cm
-1

 

(secondary amine ), 1680 cm
-1

 (carbonyl group), 1653 

cm
-1 

(olefinic system), 1605, 1515, 1470 cm
-1 

(aromatic 

moiety) and 1512, 1486 cm
-1

 (nitro group). The 

previously discussed test for nitro group was also 

positive for compound 269 which indicated it as 

analogue of compounds 267 and 268.  

The HR-ESIMS (m/z 374.115 [M-H
-
]) analysis helped to deduce the molecular 

formula as C19H22N2O6 with ten double bond equivalence (DBE). Several features of the 
1
H-

NMR spectrum ( Table 4.4) of 269 were identical to that of 267, the only difference seen 
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was that the spectrum of compound 269 was missing signals for two mono-substituted 

benzene rings, and instead allelic methyl displayed their positions at δ 2.31 (6H, s). 

However, other proton resonances for di-substituted nitrophenyl system dihydropyridine 

ring and ethyl carboxylate moieties were found at their usual positions (Table 4.4). The 
13

C-

NMR spectrum (Table 4.4) substantiated the above dedcutions, since it displayed 13 signals 

at δ 167.0 (C-7, 7), 149.8 (C-9), 148.0 (C-11), 144.7 (C-2, 6), 134.4 (C-14), 128.5 (C-13), 

123.0 (C-10), 121.2 (C-12), 103.1 (C-3, 5), 59.8 (C-1, 1), 39.8 (C-4), 19.4 (C-8, 8), 14.1 

(C-2, 2); justified for 19 carbon atoms and symmetrical nature of 269. 

The HMBC correlations of methyl protons (δ 2.31) with C-5 (δ 103.1) and C-6 (δ 

114.7) colonized it on C-6 and 6, while ethyl carboxylate group occupied the same position 

(C-5 and 5) as was established in 267. The relatively downfield shift of methylene at δ 4.03 

(H-1, 1) and its HMBC (Figure 4.3) correlation with the carbonyl carbon (δ 167.0) 

confirmed its attachment with the carboxylate function. The nitro group could be linked at 

C-11 due to splitting pattern of aromatic protons. The above-discussed data finally led to the 

structure of 269 as diethyl-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-

dicarboxylate, which has been reported as a synthetic compound (Sundar et al., 2006) but 

this is the first report on its discovery as a natural product. Other analogues of 269 have been 

reported in literature for their use as a medicament in the form of a conventional 

pharmaceutical preparation in admixture with conventional pharmaceutically acceptable 

carriers, excipients and diluents [Masakatu Hisaki, et al 1989). 

                                  ` 

Figure 4.3: Important HMBC (H→C) co-relation of 269 
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 Table 4.4: 
1
H- and 

13
C NMR data of 267, 268 and 269 (600 and 150 MHz respectively in 

CDCl3) 

Positio

n 

Compound 267 Compound 268 Position Compound 269 

H (J in Hz) C H (J in Hz) C H (J in Hz) C 

1 6.05, s - 5.91, s - 1 5.96, s - 

2, 6 - 146.4 - 143.6 2, 6 - 144.7 

3 , 5 - 103.4 - 113.6 3, 5 - 103.1 

4 5.32, s 40.0 5. 26, s 39.5 4 5.05, s 39.8 

7, 7′ - 166.4 2.35, s 20.6 7, 7′ - 167.0 

8 , 8′ - 136.1 - 196.9 8, 8′ 2.31,s 19.4 

9, 9′ 7.35 (dd (7.6, 

1.7) 

128.0 2.25, s 30.4 9 - 149.8 

10 , 10′ 7.37, m 128.5 - 147.9 10 8.08, s 123.0 

11, 11′ 7.40, m 129.5 8.01(1H,d,1.

6) 

122.3 11 - 148.0 

12, 12′ 7.37, m 128.5 - 148.6 12 7.96 (dd , 

7.9,1.1) 

121.2 

13, 13′ 7.35, dd (7.6 

, 1.7) 

128.0 7.99,(1H,dd, 

8.0,1.8) 

121.7 13 7.33 (t , 7.5) 128.5 

1′, 1′′ 3.90, q (7.0) 60.0 - - 1′, 1′′ 4.03 (q , 7.1) 59.8 

2′, 2′′ 0.88, t (7.0) 13.6 - - 2′, 2′′ 1.17 (t , 7.1) 14.1 

14 - 148.5 7.39( 1H, t, 

7.9) 

129.1 14 7.61 (d , 7.5) 134.4 

15 8.41, t (1.8) 122.7 7.65(1H, d 

,7.6) 

134.1  -           - - 

16 - 149.3 - - - - - 

17 8.08, br dd, 

(7.9, 1.6) 

129.0 - -  

- 

- - 

18 7.49, t (7.9) 129.0 - - - - - 

19 7.92, br. d , 

(7.6) 

134.3 - - - - - 
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4.3.4. Characterization of Hexadecyl Ferulate (270) and Octadecyl-p-Coumarate (271) 

Compound 270 and 271 were previously isolated from the same plant in our lab, 

therefore, they were identified due to comparative TLC and EIMS spectra. Both the 

compounds are well-known phytochemicals (Sebastian et al., 2011) 

 

4.3.5. Characterization of Methyl p-Coumarate (272) 

HR-EIMS of white crystalline solid of 272 exhibited the molecular ion peak at m/z 

178.0640 attested for the molecular formula C10H10O3 with 

six IHD. The IR spectrum witnessed hydroxyl function 

(3440 (3440cm
-1

), carbonyl group (1729 cm
-1

) and aromatic 

system (1610 and 1532 cm-
1
). Aromatic region of the 

1
H 

NMR spectrum of 272 (Table 4.5) exhibited four doublets at 

δ 7.64 (1H, J = 15.7 Hz), 7.58 (2H, J = 8.9 Hz), 6.86 (2H, J 

= 8.9 Hz) and 6.35 (1H, J = 15.7 Hz). The two signals splitted at higher J values (J = 15.7 

Hz) were attributed to a conjugated trans olefinic system, while other two were attested for a 

p-substituted benzene ring. In addition, a methoxyl proton resonance was seen δ 3.49. 

The 
13

C NMR spectrum (Table 4.5) of compound 272 exhibited 10 signals as one 

methyl, six methines and three quaternary carbon atoms. The downfield signal at δ 168.0 (C-

9) confirmed the presence of ester carbonyl in 272 while other downfield resonance at δ 

158.9 (C-4) was assigned to the aromatic oxygenated quaternary carbon atom. Other signals 
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in the aromatic region at δ 130.4 (C-2, 6), 117.6 (C-3, 5) and 126.7 (C-1) were described to 

aromatic methines and quaternary carbon atoms respectively. Carbons for trans-double bond 

displayed their positions at δ 147.1 (C-7) and 116.2 (C-8) while methoxy carbon nucleus 

resonated at δ 51.5. According to the above reported spectral data and by comparing it with 

literature values, the phytochemical 272 was recognized as methyl p-coumarate (Hooper et 

al., 1984). 

4.3.6. Characterization of Methyl 2, 5-Dihydroxycinnamate (273) 

Compound 273 was isolated as white solid. The IR spectrum showed characteristic 

absorbances at 3442 (O-H), 3106, 2944 (methine), 1727 cm
-

1
 (ester C=O) and 1635-1484 (Ar-C=C), which looks similar 

to that of compound 272 indicating cinnamate derivative. 

The molecular formula was established with the help of HR-

EIMS which showed molecular ion peak m/z 194.0579 

leading to the molecular formula C10H10O4. The 
1
H NMR spectrum showed three distinct 

signals (Table 4.5) at δ 7.06 (1H, d, J = 8.5 Hz), 6.87 (1H, dd, J = 8.9 Hz) and 6.62 (1H, d, J 

= 2.1 Hz), attesting for a 1, 2, 4-tri-substituted benzene ring. Two doublets at δ 6.25 (1H, J = 

15.9 Hz), 7.87 (1H, J = 15.9 Hz) substantiated the conugated trans-olefinic system. 

Methoxy group showed its singlet of three protons at δ 3.47. 

The
13

C NMR spectrum (Table:4.5) supported mass and 
1
H NMR data, and thus 

compound 273 was characterized as 2,5-dihydroxy methylcinnamate, a caffeic acid 

derivative (Chuang TH et al 2011). 

 

     Table 4.5: 
1
H and 

13
C NMR data of 272and 273 (CDCl3, 400 and 100 MHz) 

                        Compound 272          Compound 273 

Position δH (J in Hz) δC δH (J in Hz) δC 

1 - 126.7 - 117.7 

2 7.58 (1H, d, 8.9, 2.1) 130.4 - 149.9 

3 6.86 (1H, d, 8.9, 2.1) 117.6 7.06 (1H, d, 8.5) 117.2 

4 - 158.9 6.87 (1H, dd, 8.9) 116.4 

5 6.86 (1H, d , 8.9, 2.1) 117.6 - 151.4 

6 7.58 (1H, d, 8.9, 2.1) 130.4 6.62 (1H, d, 2.1) 113.7 

7 7.64 (1H, d,15.7) 147.1 6.25 (1H, d, 15.9) 140.1 

8 6.35 (1H, d, 15.7) 116.2 7.87 (1H, d, 15.9) 118.9 

8 ,OMe - - -  
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9 - 168.0 - 166.2 

10,OMe 3.49 (s) 51.5 3.47 (s) 52.7 

OH(C4) 8.4 (s, OH) - - - 

 

4.3.7. Structure Elucidation of the Compounds Isolated from Ethyl acetate Fraction of 

S. oliveranum. 

4.3.7.1. Characterization of 5, 7, 4′trihydroxy -6-methoxyflavone (130) 

 Compound 130 was obtained as yellow amorphous solid. The UV spectrum showed 

absorption maxima at 243, 271 and 341 nm due to a 

substituted flavonoid skeleton, whereas, the IR 

scanning displayed absorption bands at 3470 (OH), 

1650 (α unsaturated ketone), 1510, 1460 (Ar-C=C) 

and at 1032 cm
-1

 for (OMe) for a flavone nucleus 

(Kolak et al, 2009). EIMS: m/ z 300[M
+
]; HR-EIMS 

disclosed the molecular ion at m/z 300.0648 corresponding to the molecular formula 

C16H12O6 with eleven DBE. Proton-NMR spectrum of 130 exhibited four signals in the 

aromatic region. A pair of two doublets ( 7.74, 2H, d, J = 8.4, 2.1 Hz, H-2′, 6′ and 6.81, 2H, 

d, J = 8.4, 2.1 Hz, H-3′, 5′), splitted at A
2
B

2 
pattern, were attributed to a p-substituted 

benzene ring. The two methine singlets at  6.55 and 6.61 were assigned to H-8 and H-3, 

respectively. The spectrum further displayed a methoxyl proton signal at  3.80. 

The 
13

C-NMR spectrum (Table 4.6) of 130 showed fourteen signals at  182.4 (C-4), 

164.4 (C-2), 158.3 (C-7), 154.1 (C-8a), 152.2 (C-5), 151.2 (C-4′), 133.3 (C-6), 131.4 (CH-2′, 

6′), 122.9 (C-1′), 117.1 (CH-3′, 5′), 106.0 (C-4a), 105.1 (CH-3), 92.8 (CH-8), 65.6 (6-OMe) 

for sixteen carbon atoms. The HMBC correlations (Figure 4.4) of  7.74 (H-2′, 6′) with  

164.4 (C-2), H-3′, 5′ with  122.9 (C-1′), H-3 ( 6.61) with  164.4 (C-2),  182.8 (C-4) and 

C-4a ( 106.0) and  3.80 (OMe) with carbon at  133.3 (C-6) helped to make overall 

fixtures on the rings. The discussed data finally led to the structure of compound 130 to be 

5,7, 4′-trihydroxy-6-methoxyflavone which is a known phytochemical (Voirin, 1983; 
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Geissiman et al., 1967; Aslan and S.¨Oks¨Uz, 1999) and thus the whole spectroscopic data 

was further matched with the reported values. 

 

                           Figure.4.4 HMBC (C → H) of compound 130 

4.3.7.2. Characterization of 5, 7-dihydroxy-6, 4′-dimethoxyflavon (133) 

Compound 133 was also isolated as pale yellow solid, whose UV and IR spectra 

were identical to that of 130, whereas, the 
1
H NMR 

spectrum was also found nearly superimposable to the 

spectrum of 130 indicating 133 to be identical analogue 

of 130. The only difference found was the proton 

spectrum of 133 showed resonances for two methoxyl 

units at  at 3.92 (3H, s) and 3.90 (3H, s). This 

evidence was substantiated due to EIMS analysis, 

where the molecular ion was seen at m/z 314, and the HR-EIMS analysis (m/z at 314.0522) 

disclosed the molecular formula C17H14O6 of 133. The 
13

C-NMR spectrum also supported the 

proton NMR (Table 4.6) and mass data fifteen carbon resonances were found in this 

spectrum with two methoxyl carbon resonances at  60.9 (4′ OCH3) and 60.7 (6-OCH3); the 

15-signals were justified for 17 carbon atoms in 133. Other carbon shifts are given in table 

4.6. The methoxyl protons (ᵟ 3.92 and 3.90) were fixed at ᵟ 130.4 (C-6) and 152.4 (C-4′) 

respectively due to their HMBC correlations (Figure 4.5). On the basis of the above-

discussed data and comparing with literature values, compound 133 was characterized 5, 7-
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dihydroxy-6,4′-dimethoxyflavon which is also a common phytochemical (Kolak et al., 

2009). 

 

Figure 4.5: Important HMBC (C→H) co-relation of compound 133 
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4.3.7.3. Characterization of 5, 7-dihydroxy-6, 3′, 4′, 5′-tetramethoxyflavone (134) 

The UV and IR data of compound 134 witnessed it also to be a flavonoid. The 

molecular formula C19H18O8 was determined by HR-EIMS because of the molecular ion 

peak at m/z 374.0641. Aromatic region of the 
1
HNMR 

(Table 4.6) afforded two usual singlet methine signals 

at a  7.12 and 6.90 due to H-8 and H-3 respectively, 

while another signal at  7.72 of 2-proton integral 

indicated tetra-substituted symmetrical nature of ring 

B in 134. Further, the spectrum displayed three 

signals for methoxy protons one with 6-H integral at  3.73 while the other showed its shift 

at  3.71. The 
13

C-NMR (Table 4.6) and DEPT spectra of 134 showed total 17 resonances 

for nineteen carbon nuclei. The chemical shift of these carbons are at  183.7 (C-4), 163.3 

(C-2), 156.3 (C-7), 153.8 (C-8a), 153.2 (C-5), 152.7 (C-3′, 5′), 149.1 (C-4′), 133.4 (C- 6), 

131.1 (C-2′,6′), 128.1 (C-1′), (105.4 (C-3), 104.7 (C-4a), 94.9 (C-8), 59.4 (6-OMe), 55.4 (5′-

OMe), 55.2 (4′-OMe), 55.1 (3′- OMe) ( two carbon with double intensity). This 

spectroscopic data was reported in literature for 5,7-dihydroxy-6,3′4′-5′-tetramethoxyflavone 

(Voirin, 1983; Deng et al., 2004), and thus compound 134 was found the same. 

Table.4.6. 
1
H and 

13
C-NMR spectral data of compounds 130, 133 and 134 (CDCl3, 400 and 

100 MHz) respectively 

Position 
     Compound 130           Compound 133     Compound 134 

H (J in Hz) C H (J in Hz) C H (J in Hz) C 

2 - 164.4 - 165.1 - 163.3 

3 6.61 (1H, s) 105.1 7.15 (1H, s) 104.2 6.90 (1H, s) 105.4 

4 - 182.8 - 182.2 - 183.7 

4a - 106.0 - 104.6 - 104.7 

5 - 152.2 - 154.1 - 153.2 

6 - 133.3 - 130.4 - 133.4 

7 - 158.3 - 155.1 - 156.3 

8 6.55 (1H, s) 92.8 8.10 (1H, s) 93.4 7.12 (1H, s) 94.9 

8a - 154.1 - 154.2 - 153.8 

6OMe 3.80 (3H, s) 65.6 3.92 (3H, s) 60.7 3.68 (3H, s) 59.4 
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1ʹ - 122.9 - 123.9 - 128.1 

2ʹ6ʹ 7.74(1H,d,8.4,2.1) 131.4 7.41(1H,d,8.6, 2.0) 120.2 7.72(1H,d,2.0) 131.1 

3ʹ 5' 6.81(1H,d,8.4,2.1) 117.1 6.98(1H,d,8.6,2.0) 111.3 - 152.7 

4ʹ - 151.2 - 152.4 - 149.1 

3ʹOMe - - - - 3.73 (3H, s ) 55.1 

4ʹOMe - - 3.90 (3H, s) 60.9 3.71 (3H, s ) 55.2 

5ʹOMe - - - 130.9 3.73 (3H, s ) 55.4 

 

4.3.7.4. Characterization of 5, 7, 4′--trihydroxy-6, 3′ 5′--trimethoxyflavone (136) 

Compound 136 was found to 4-hydroxy derivative of 134, since its 
1
H NMR 

spectrum was superimposable to the spectrum of 

134. The only difference was that the spectrum of 

136 showed two methoxyl proton resonances at  

3.69 and 3.7, but still one with 6-H integrals 

indicating symmetrical nature of ring B in 136 also. 

This deduction was substantiated due to the HR-

EIMS experiment (m/z 360.0480), where the 

molecular was found to be C18H16O8 and the 
13

C NMR spectral analysis (Table 4.7). 

Compound 136 was also a known phytochemical therefore the established structure was 

supported by the literature values (Brahmachari et al. 2004) and thus 136 was identified 

as 5, 7, 4′-trihydroxy-6,3′,5′-trimethoxyflavone. 

4.3.7.5. Characterization of methyl-3, 4, 5-trihydroxybenzoate (154) 

Compound 154 was found to be methyl gallate, since its IR spectrum showed 

absorption bands at 3412, 1731, and 1633 - 1672 cm
-1

 due to 

hydroxyl function, carbonyl group and aromatic system, 

whereas, the HR-EIMS afforded molecular ion peak at m/z 

184.014, calculated for the molecular formula C8H8O5 with five 

IHD. In the 
1
H NMR spectrum (Table 4.7) of compound 154 

only three singlet resonances appeared at δ 7.05 (1H, H-2, 6), 3.49 (3H, OH) and 3.91 (3H-
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OMe). Broad band 
13

C spectrum of 154 showed six carbon signals in total, including one 

methyl one methine and four quaternary carbon atoms. The chemical shift at δ 170.1 (Ester 

carbonyl, C-7), 145.6 (aromatic oxygenated quaternary carbon C-3, 5) and 168.5 (C-4) while 

signal at 111.5 (aromatic methine C-2, 6), 122.1 (aromatic quaternary) and methoxy carbon 

resonated at δ 53.5 were identical to those reported in literature (Kane, C. J. M., et al. 1988) 

for methyl gallate; thus compound 154 was identified as the same. 

4.3.7.6. Characterization of 4′-methoxy kaempferol-3-O-β-D-glucopyranoside (160) 

Compound 160 was obtained as yellow crystalline solid, which in UV region 

absorbed at 237, 256 and 315 and 356 nm; 

characteristic of kaempferol or quercetin glycoside 

nucleus (Saleh et al.,1990). FAB-MS spectrum of 160 

showed psudomolecular ion peak [M+H]
+
at m/z 463 

while HR-FAB-MS displayed the same ion at m/z 

463.43214 to be fit on the formula C22H22O11.The 

proton-NMR spectrum of 160 showed four signals in the aromatic region at  8.10 (2H, d, J 

= 8.6 Hz, H-2′, 6′), 6.91 (2H, d, J = 8.6 Hz, H-3′, 5′),  6.24 (1H, d, J = 2.1, H-8) and a 6.21 

(1H, d, J = 2.1, H-6). The two splitted at A
2
B

2
 pattern were attested for ring-B of kaempferol 

moiety, while other two doublets were attributed to ring A. Methoxyl proton resonance was 

observed at  3.63. The same spectrum witnessed a sugar moiety in 160, for it showed 

resonance of an anomeric proton at  5.30 (1H, d, J = 8.6 Hz) with other oxymethines 

resonances at  3.61 (1H, m), 3.54 (1H, dd, J = 10.6, 4.6 Hz), 3.36 (1H, dd, J = 10.6, 3.0 

Hz), 3.42 (1H, d, J = 6.7 Hz), 3.41 (1H, m) and 3.21 (1H, m). 

The 
13

C spectrum (Table 4.7) of 160 was in full agreement with those of 
1
H-NMR 

and mass data as it displayed twenty carbon signals for 22 carbon atoms. These resonances 

for kaempferol moiety were found at  179.2 (C-4), 165.1 (C-7), 162.1 (C-4′), 159.9 (C-5), 

159.2 (C-8a), 158.1 (C-2), 134.1 (C-3), 132.3 (CH-2′, 6′) 124.1 (C-1′),116.1 (CH-3′, 5′), 

105.1 (C-4a), 100.0 (CH-6), 95.1 (CH-8), 52.2 (4′-OMe); For sugar moiety at  104.2 (CH-

1) ,78.5 (CH-3), 78.1 (CH-2), 76.0 (CH-4), 72.1 (CH-5) and 63.8 (CH2-6). Since, the 

methoxyl group showed HMBC correlation (Figure 4.6) to a carbon at  162.1(C-4′), thus 
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was placed at this carbon of ring B. The discussed data was matched with the reported value 

of 4′-methoxy kamempferol-3-O-β-D-glucopyranoside which is a known phytochemical 

(CalderónMontañ et al., 2011). 

                          

Figure 4.6: Important HMBC (C→H) co-relation of compound 160 
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Table 4.7: 
1
H and 

13
C-NMR spectral data of compounds 136, 154 and 160 (CDCl3, 400 and 

100 MHz) respectively 

Position 

            Compound 136     Compound 154          Compound 160 

H (J in Hz)  C H (J in Hz) C H (J in Hz) C 

1 - - - 122.1   

2 - 163.4 7.05 (1H, s) 111.5 - 158.1 

3 6.59 (1H, s) 105.3 - 145.6 - 134.1 

4 - 179.4 - 168.5 - 179.2 

4a - 104.8 - - - 105.1 

5 - 153.5 - 145.6 - 159.9 

6 - 133.6 7.05 (1H, s) 111.5 6.21 (1H, d, 2.1) 100.0 

7 - 155.1 - 170.1 - 165.1 

8 7.25 (1H, s) 94.8 - - 6.24 (1H, d, 2.1) 95.1 

8a - 153.9 - - - 159.2 

6OMe 3.69 (3H, s) 60.0 - - - - 

8OMe - - 3.91 (s) 53.5 - - 

1ʹ - 128.4 - - - 124.1 

2ʹ6ʹ 7.73 (1H, d, 2.1) 131.4  - 8.10 (1H, d, 8.6) 132.3 

3ʹ 5' - 152.8 - - 6.91 (1H, d, 8.6) 116.1 

4ʹ - 150.5 - - - 162.1 

3ʹOMe 3.70 (3H, s) 55.5 - - - - 

4ʹOMe - - - - 3.63 (3H, s) 52.2 

5ʹOMe 3.71 (3H, s) 55.6 - - - - 

1ʹʹ - - - - 5.30 (1H, d,8.6) 104.2 

2ʹʹ - - - - 3.21 (1H, m) 78.5 

3ʹʹ - - - - 341 (1H, m) 76.0 

4ʹʹ - - - - 3.42 (1H d, 6.7 72.1 

5ʹʹ - - - - 3.61 (1H m) 78.1 

6ʹʹ - - - - 3.54(1H,dd,10.6,4.6) 

3.36(1H,dd,10.6,3.0) 

63.8 
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4.3.7.7. Characterization of tatracosyl (E)-3-(4-hydroxy-3-methoxyphenyl) acrylate (274) 

Compound 274 was isolated as colorless amorphous powder. Its infrared 

absorption bands were observed at 3430 (O-

H), 1730 (C=O), 1613 (C=C), 1515 - 1467 

(Ar-C=C) and 1200 cm
-1 

(C-O 

functionalities). The molecular formula was 

calculated through high-resolution electron 

impact mass spectrometry which showed the 

heaviest ion [M]
+
at m/z 530.464 corresponding to the molecular formula as C34H58O4 with 

six IHD. The 
1
H-NMR (Table 4.8) spectrum of compound 274 was indication of a 

cinnamate derivative, since it showed aromatic methine resonances at δ 7.1 (1H, d, J = 8.2, 

Hz), 6.81 (1H, dd, J = 8.2, 1.8 Hz) and 7.10 (1H, d, J = 2.1 Hz); This splitting pattern 

indicated the presence of a 1,3,4-trisubstituted benzene ring. The signals for a trans-olefinic 

system showed their positions at  7.52 (1H, d, J = 15.8 Hz) and 6.27 (1H, d, J = 15.8 Hz). 

The 
1
H-NMR spectrum also displayed a signals for an alkoxy chain at δ 3.91 (2H, t, J = 6.8 

Hz, H-1 oxymethylene), 1.67 (2H, m, H-2′), 1.37-1.13 (40H, br s, several aliphatic 

methylenes) and 0.86 (3H, t, J = 6.5 Hz, H-24′, a terminal primary methyl of aliphatic 

chain). The 
13

C-NMR spectrum of 274 showed total 34 carbon signals at δ 168.1 (C-9), 

159.7 (C-3), 150.1(C-4), 146.1 (C-7), 128.2 (C-1), 121.2 (C-6), 117.9 (C-5), 117.1 (C-8) 

113.0 (C-2), 56.1 ( 3OMe), 66.1 (C-1′, 31.1 (C-2′), 25.8 (C-3′), 29.7-22.1 ( C-4′-22′) , 23.1 

C-23′) and 14.5 C-24′). The above data advocates compound 274 to be tetracosyl (E)-3-(4-

hydroxy-3-methoxyphenyl) acrylate (Deng et al., 2004) 

4.3.7.8. Characterization of E-cosyl-3-(4-hydroxyphenyl) acrylate (275) 

Compound 275 was also found to analogue of 274 with fewer differences in NMR 

data. The 
1
H NMR spectrum (Table 4.8 ) of 275 

disclosed a p-substituted benzene ring with a 

conjugated olefin for it showed signals at δ 7.48 

(1H, d, J = 8.6 Hz, H-3, 5) and 6.61 (1H, d, J = 

8.6 Hz, H-2, 6), and 7.63 (1H, d, J = 16.1 Hz) and 6.31 (1H, d, J = 16.1 Hz), respectively. 
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Signals for alkoxy unit for found superimposable to that of 274. 
13

C NMR (Table 4.8) 

spectrum fully supported these observations. The main difference was that the NMR data of 

275 was missing a methoxy group, whereas, the length of alkoxy chain could be fixed due to 

EIMS analysis, where the spectrum afforded molecular ion at m/z 440. The high resolution 

analysis of the same ion (m/z 440.352) suggested the molecular formula C29H44O3, which 

finally indicated that the alkoxy chain in 275 is of 20 carbon atoms. Thus compound 275 

was found to be docosyl (E)-3-(4-hydroxyphenyl) acrylate ((Deng et al., 2004; Mahmood et 

al., 2003).  

Table 4.8: 
1
H and 

13
C NMR data of 274 and 275 (CDCl3, 400 and 100 MHz) 

                         Compound 274                         Compound 275 

Positio

n 
δ H (J in Hz) δ C Position δ H (J in Hz) δ C 

1 - 128.2     1 - 127.7 

2 7.10 (1H, d, 2.1) 113.0     2 6.61 (1H, d, 8.6) 130.2 

3 - 159.7     3 7.48 (1H, d, 8.6) 115.4 

4 - 150.1     4 - 157.9 

5 7.1 (1H, d, 8.2) 117.9      5 7.48 (1H, d, 8.6) 115.4 

6 6.81(1H,d,8.2,1.8) 121.2     6 6.61 (1H, d, 8.6) 130.2 

7 7.52 (1H, d, 15.8) 146.1     7 7.63 (1H, d, 16.1) 144.1 

8 6.27 (1H,d, 15.8) 117.1      8 6.31 (1H, d, 16.1) 116.1 

9 - 168.1      9 - 167.1 

3OMe 3.82 (3H, s) 56.1      - - - 

1 3.91 (2H, t, 6.8 

Hz) 

66.1     1 4.19 (2H, t, 6.9) 64.7 

2 1.67 (2H, m) 31.1     2 1.72 (2H, m) 26.1 

3 1.38 ( 2H,m ) 25.8    3 1.29-1.29 (br s) 28.7-

24.1 

4-22 1.36-1.33 (br s) 29.7-25.1    19 1.32 (2H, m) 16.2 

2324 1.32 (2H, m), 0.80 

(3H,t,6.78) 

23.1-14.5    20 0.87 (3H, t, 6.8) 14.4 

4.3.7.9. Characterization of 4-hydroxyphenyl ethyl hexacosyloate (276) 

The aromatic and aliphatic regions in the 
1
H NMR spectrum (Table 4.9) of 

compound 276 were nearly superimposable those of 

compound 275, since it disclosed a p-substituted 

benzene ring and an aliphatic chain, however, the 

spectrum of 276 showed two additional distinct triplet 

methylenes at δ 4.29 (J = 6.8 Hz) and 3.72 (J = 6.8 Hz). 
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The same J values and COSY correlations of these two signals revealed their vicinal 

relationship, whereas, the downfield shift (δ 4.29) of one methylene was attributed to its 

attachment with carboxylate function, and the other methylene was fixed with benzene ring. 

Another distinc triplet methylene resonated at δ 2.77 (J = 6.6), which showed its relation 

with aliphatic chain. These observations predicted compound 276 as tyrosol derivative. The 

13
C-NMR (Table 4.9) of compound 276 advocated the above deduction, since it displayed 

resonances at δ 162.1, 160.2, 153.4, and 117.2 for p-substituted aryl ring,174.3, 37.0, 26.4, 

24.2-25.6, 22.2 and δ 14.1 due to acyl chain and 35.1 and 67.5 for hydroxyethyl group. The 

chain length of carboxylate moiety could be fixed due to its molecular as C34H60O3 by 

HRFAB-MS in a positive mode (m/z 516.4540 [M+H]
+
). HMBC (Figure 4.7) fully helped to 

construct the whole skeleton of 276 as 4-hydroxyphenylethyl hexacosyloate, which is a 

known phytochemical (Nazreen, S., et al 2019). 

                         

Figure 4.7: Important HMBC ( ) and COSY ( ) Correlation observed in the 

spectra of 276. 
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4.3.7.10. Characterization of 4-hydroxyphenylethyl-tricontanoate (277) 

Compound 277 was an analogue of 276 with a different chain length by 4 carbon 

numbers, since NMR data (Table 4.9) of 277 was identical 

twin of 276, however, the (+)-HREIMS analysis displayed 

molecular ion at m/z 572.5140 [M+H]
+
 corresponding to 

the molecular formula C38H68O3. Thus compound 277 was 

identified as 4-hydroxyphenylethyl tricontanoate, which is 

also a known natural product (Kamoldinov, K. S. et al 

2017). 

 

Table 4.9: 
1
H and 

13
C NMR data of 276 and 277 (CDCl3, 400 and 100 MHz) 

         Compound 276 Compound 277 

Position δH (J in Hz) δC Position δH (J in 

Hz) 

δC 

1 - 162.1     1 - 159.8 

2 7.20 (1H, d, 8.3) 160.2     2 7.10 (1H, d, 8.7, 

2.1) 

130.1 

3 6.81(1H, d, 8.3) 117.2     3 6.79 (1H, d, 8.7) 115.2 

4 - 153.4     4 - 154.2 

5 6.81 (1H, d, 8.3) 117.2     5 6.79 (1H, d, 8.7) 115.2 

6 7.20(1H, d, 8.3) 160.2      6 7.10 (1H, d, 8.7) 130.1 

7 3.72(2H, t,6.8) 35.1      7 2.95 (2H, dd, 6.7) 35.6 

8 4.29(2H, t, 6.8) 67.5      8 4.15 (2H, t, 6.7) 67.4 

1 - 174.8      1 - 177.6 

2 2.77 (2H, t, 6.6) 37.0      2 2.21 (2H, t, 6.8) 35.2 

3 1.69 ( 2H, t, 6.9 ) 26.4      3 1.61 (2H, m, 7.3) 26.6 

4-24 1.24-1.13 (42H,br s) 24.2-25.6     4 -28 1.12-1.14 (50H, brs) 23.7-

20.8 

25 1.20 (2H, m) 22.2     29 1.13 (2H, m, 6.5 ) 21.4 

26 0.85 ( 3H, t, 6.5) 14.1     30 0.89 (3H, t, 6.6) 14.8 

 

4.3.7.11. Characterization of 7- Hydroxy-4-methoxy coumarin (278) 

Compound 278 was isolated as white crystalline solid. It looked shiny blue under a 

UV lamp and showed absorption at 217 and 320 nm specific for 7-hydroxy coumarine. The 

IR spectrum of 278 absorbed in the IR region at 3310, 3020, 2900, 1710 and 1510-1480 cm
-1

 

due to O-H, C-H, C=O and Ar-C=C. The HR-EIMS spectrum of this compound afforded 
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molecular ion peak at m/z 192.024 for the molecular formula C10H8O4 with seven IHD. The 

Proton NMR spectrum of compound 278 (Table 4.10) 

displayed most downfield signal at δ 10.3 due to hydroxyl 

proton (7-OH), in addition, four signals in aromatic region at 

 7.81 (1H, d, J = 9.1 Hz, H-5), 6.90 (1H, d, J = 9.1, Hz, H-

7) a singlet at δ 6.70 (1H, s, H-8) for benzene ring and δ 5.6 

(1H, s, H-3)  for methine present in pyranone ring. One methoxyl group displayed its 

position at 3.80. The 
13

C NMR of compound 280 disclosed total of ten carbon resonances, 

which were sorted out as four methine, five quaternary and one methyl carbon atoms at δ 

176.8 (C-8), 157.4 (C-7), 150.9 (C-9) 129.0 (C-5), 121.9 (C-10), 113.6 (C-6) 105.7 (C-8), 

88.4 (C-3) and 50.7(4-OMe). On the basis of the above spectroscopic data, comparing it 

with literature values, compound 278 was identified 7-hydroxy-4-methoxy coumarine which 

is a known phytochemical (Braga de Oliveira et al 1977). 

Table 4.10: 
1
H and 

13
C NMR data of 278 (CDCl3, 400 and 100 MHz) 

                                       Compound 278 

Position H (J in Hz) C 

1 -  

2 - 163.0 

3 5.6 (1H, s) 88.4 

4 - 176.8 

5 7.81 (1H, d, 9.1) 129.0 

6 6.90 (1H, d, 9.1) 113.6 

7  157.4 

8 6.71 (1H, s) 105.7 

9 - 150.9 

10 - 121.9 

4-OMe 3.80 (1H, s) 50.7 

7-OH 10.3 (1H, s) - 
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Part B 

Biological Screening and Phytochemical Analysis of the Extracts 

of Caragana brachyantha 

4.4. BIOLOGICAL SCREENING OF CRUDE EXTRACTS OF CARAGANA BRACHYANTHA 

Different polarity solvent extracts (hexane-Cb-H, ethyl acetate-Cb-E, butanol-Cb-B, 

methanol-Cb-M and water-Cb-W) of C. brachyantha were tested for their antioxidant 

potential in 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-

sulphonic acid (ABTS), ferric reducing antioxidant power (FRAP), cupric reducing 

antioxidant capacity (CUPRAC), phosphomolybdenum and metal chelation assays (Table 

4.11) and for selective enzyme inhibitory assays (α-glucosidase, α-amylase and tyrosinase) 

(Table 4.12). 

 Estimation of antioxidant potential revealed that Cb-M exhibited impressive 

activity in DPPH (77.91 mgTE/g extract), ABTS (266.68 mg TE/g extract), CUPRAC 

(279.72 mgTE/g extract), FRAP (207.89 mgTE/g extract) and phosphomolybdenum (2.68 

mmolTE/g extract) assays which are in accord to the highest phenolic (48.49 mgGAE/g 

extract) and flavonoid contents (16.48 mgRE/g extract) of Cb-E (Marini et al, 2018). 

Table 4.11: Antioxidant properties of Caragana brachyantha extracts* 

Plant 

extracts 

Radical scavenging assays Reducing power assays 
Total antioxidant 

activity 

Ferrous ion 

chelation 

DPPH 

(mgTE/g 

extract) 

ABTS 

(mgTE/g 

extract) 

CUPRAC 

(mgTE/g 

extract) 

FRAP 

(mgTE/g 

extract) 

Phosphomolybdenum 

(mmolTE/g) 
Metal chelaing 

(mgEDTAE/g) 

Cb-H 28.60±1.05 Na 135.30±6.27 63.21±0.84 1.72±0.13 24.02±1.17 

Cb-E 77.91±4.96 266.68±2.4 279.72±2.06 207.89±10.80 2.68±0.31 Na 

Cb-B 18.23±1.10 33.11±3.65 72.07±2.34 45.50±0.69 1.29±0.06 4.53±0.09 

Cb-M 

Cb-W 

16.26±2.37 

58.00±0.61 

12.36±1.90 

78.76±3.09 

54.78±0.53 

142.22±0.12 

38.47±0.63 

95.01±1.62 

0.91±0.08 

1.05±0.03 

1.00±0.18 

13.49±1.87 

* 
Values expressed are means ± S.D. of three parallel measurements. TE: Trolox equivalent; EDTAE: EDTA 

equivalent. 

 

All extracts of C. brachyantha were also tested for their inhibitory capacity against, 

α-glucosidase, α-amylase and tyrosinase. In α- tyrosinase inhibition assay, following order 
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was observed Cb-E > Cb-B > Cb-M > Cb-B (96.02 >40.61 >739.44 >19.51). In tyrosinase 

inhibition Cb-E extract exhibited highest inhibition power, 96.02 and Cb-H exhibited least 

19.51 mgKAE/g. In amylase inhibition Cb-H displayed the highest value of 0.66 

mmolACAE/g extract while Cb-W possesses least 0.07 mmolACAE/g extract. In 

glucosidase inhibitory assay, the Cb-M showed 2.02 mmolACAE/g extract and Cb-H 1.60 

mmolACAE/g extract activity, with Cb-M possesses the highest inhibitory potential in anti-

diabetic assays. Cb-B showed comparatively higher enzyme inhibition in tyrosinase and 

glucosidase then Cb-H and Cb-w (Table 4.12). 

 

Table 4.12: Enzyme inhibition activities of Caragana brachyantha extracts* 

Plant 

extracts 

Tyrosinase 

(mgKAE/gextract) 

α-Amylase 

(mmolACAE/g extract) 

α-Glucosidase 

(mmoCAE/g extract) 

Cb -H 19.51±2.44 0.66±0.04 1.60±0.01 

Cb -E 96.02±3.24 0.63±0.01 1.64±0.01 

Cb - B 40.61.±4.56 0.44±0.03 1.74±0.25 

Cb -M 39.44±4.44 0.47±0.04 2.02±0.02 

Cb-W Na 0.07±0.01 Na 

* 
Values expressed are means ± S.D. of three parallel measurements. 

GALAE: Galatamine equivalent; KAE: Kojic acid equivalent; ACAE: Acarbose equivalent; na : not active. 

 

4.4.1. Phytochemical Analysis of Secondary Metabolites from Caragana Brachyantha 

All the extracts (Cb-H, Cb-E, Cb-B Cb-M and Cb-W of C. brachyantha were 

investigated for their bioactive contents through UHPLCMS analyses. 

4.4.2. Total Phenolic and Flavonoid Contents Estimation 

The phenolic and flavonoid content investigation revealed the highest phenolic 

contents in Cb-E with the value of 48.49 mgGAE/g extracts, whereas, the flavonoid of the 

same fraction were found to be 16.48 mg RE/g extract. Other extracts contains phenolics 

and flavonoids in the range of 6.38-11.08 mgRE/g extract (Table 4.13). 
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Table 4.13: Total phenolic and flavonoid contents of Caragana brachyantha 

Extract 
Total phenolic contents 

(mgGAE/g extract) 

Total flavonoid contents 

(mgRE/g extract) 

Cb-H 25.63±0.11 7.53±0.01 

Cb-E 48.49±1.23 16.48±0.26 

Cb-B 15.03±0.07 8.87±0.08 

Cb-M 13.38±0.08 6.38±0.08 

Cb-W 28.26±0.28 11.08±0.44 

* 
Values expressed are means ± S.D. of three parallel measurements. GAE: Gallic acid equivalent. 

4.4.3. UHPLC-MS Analysis to Identify Secondary Metabolites of Caragana 

Brachyantha 

Ethyl acetate (Cb-E) and water (Cb-W) extracts of C. brachyantha showed more 

potential for activity therefore these were selected for UHPLC-MS analysis and 

identification of secondary metabolites. 

4.4.4. Secondary Metabolite Estimation of Cb-E through UHPLC-MS Analysis 

UHPLC - MS analysis of Cb-E disclosed the presence of thirty one secondary 

metabolites including sixteen flavonoids as a larger group, four fatty acids, four phenolics, 

two terpenes, in addition ketones, aromatic acids, esters, amino acids, propiophenone (one 

each) class of compounds (Table 4.15). Above said phytochemicals are in accord with the 

reported literature of genus Caragana (Mandal et al., 2016). 
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Table 4.14 UHPLC-MS secondary metabolites profile of fraction Cb-E 

S. 

No 
RT(min) 

Base 

peak(m/z) 
Proposed compounds 

Structure Compound 

class 

Molecular 

formula 

Molecular 

mass 

1 10.124 254.0587 7,4'-Dihydroxyflavone (279) 

 

Flavonoid C15 H10O4 254.0587 

2 11.285 271.061 (±)-Naringenin (280) 

 

Flavonoid C15H12O5 272.0683 

3 11.324 269.0444 
5,7,3'-

Trihydroxyisoflavone(281) 

 

Flavonoid C15H10O5 270.0517 

4 7.907 281.1401 Artemisinin                        (124 ) Terpene C15H22O5 282.1473 

5 11.454 299.0569 Kaempferide (282 ) 

 

Flavonoid C16H12O6 300.042 

6 10.605 285.0416 
5,7,2',3'Tetrahydroxyflavone 

(283 ) 

 

Flavonoid C15H10O6 286.0489 

7 10.745 283.0606 Texasin                        (198 ) Flavonoid C16H12O5 284.0679 

8 9.893 301.0356 
3,5,7,2',5'-

Pentahydroxyflavone (284) 

 

Flavonoid C15H10O7 302.0424 
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9 10.309 311.0938 
5,6,2'-Trimethoxyflavone      

(285) 

 

Flavonoid C18H16O5 312.1009 

10 10.308 371.1147 
5,6,2,3',6'-

Pentamethoxyflavone (286) 

 

Flavonoid C20H20O7 372.1218 

11 9.792 447.0938 
6-Hydroxy luteolin 5-

rhamnoside (287) 

 

Glucoside C21H20O11 448.2839 

12 9.855 465.0973 

5,7,4'-Trihydroxy-3'-C-

methylflavone4'-rhamnoside     

(288) 

 

Glycoside C22H22O9 430.1276 

13 9.854 475.1268 

Luteolin 7,4'-

dimethylether3'-glucoside 

(289) 

 

Glycoside C23H24O11 476.1344 
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14 8.745 609.1458 Robinetin-3-rutinoside (290) 

 

Flavonoid C27H30O16 610.153 

15 9.41 505.1008 
Quercetin3-(6''-

ethylglucuronide(291) 

 

Flavonoid C23H22O13 506.1083 

16 8.942 441.0846 
Robinetinidol-3-O-

gallate(292) 

 

Flavonoid C22H18O10 442.0925 

17 9.951 519.1155 
Luteolin7-(2''-

glucosyllactate (293) 

 

Flavonoid C24H24O13 520.1229 

18 1.581 169.0143 
2,4,6'-Trihydroxybenzoic 

acid (294) 

 

Phenolics C7H6O5 170.0216 
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19 5.227 137.0247 P-salicylic acid    (295) 

 

Phenolics C7H6O3 138.0317 

20 8.912 193.0505 Kakuol       (296) 

 

Propiophenone C10H10O4 194.0578 

21 18.357 455.3544 Betulinic acid                          (206) Terpen C30H48O3 456.3617 

22 12.505 329.2331 
5,8,12-Trihydroxy-9-

octadecenoic acid  (297) 
 

Fatty acid C18H34O5 330.2397 

23 13.121 329.1763 Gingerol (298) 

 

Polyphenol C 17H26O5 294.1836 

24 9.095 193.0507 Ferulic acid                        (72) Phenolics C10H10O4 194.0581 

25 10.488 237.0771 
3,4,5-Trimethoxycinnamic 

acid  (299) 

 

Ar.acid C12H14O5 238.0846 

26 7.485 177.0198 
7,8-Dihydroxycoumarin  

(300) 

 

Coumarin C9H6O4 178.0272 

27 15.275 271.2289 
2-Hydroxyhexadecanoic 

acid (301) 
 

Fatty acid C16H32O3 272.2361 

28 11.77 287.2233 
9,16-dihydroxy palmitic 

acid (302) 
 

Fatty acid C16H32O4 288.2305 

29 14.878 315.2553 
10,11-Dihydroxy stearic 

acid   (303) 
 

Fatty acid C18H36O4 316.2629 
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30 12.5 193.0868 
4-Methoxybenzyl 

propanoate (304) 

 

Ester C11H14O3 194.0939 

31 7.643 179.035 
4-Hydroxyphenylpyruvic 

acid (305) 

 

Amino acid C9H8O4 180.0423 
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4.5. SPECTROSCOPIC CHARACTERIZATION OF PHYTOCHEMICALS ISOLATED FROM 

CARAGANA BRACHYANTHA 

Since the ethyl acetate fraction (Cb-E) was found active in different biological assays 

thus was chromatographed on silica gel column, which, finally yielded eleven known 

compounds as 162, 167-171, 306, 307 which were identified due to various spectroscopic 

techniques. 

4.5.1. Characterization of 5, 8-Dihydroxy-6, 7, 4′-Trimethoxyflavone (162) 

Compound 162 was obtained as yellow amorphous solid whose UV spectrum 

exhibited absorption bands at 350, 286, 252 nm, 

characteristic for a flavone nucleus (Brahmachari et al., 

2004). The IR spectrum of 162 displayed the absorption 

bands for hydroxyl group (3487 cm
-1

), conjugated 

ketone (1639 cm
-1

), for the aromatic system (1595, 

1505 cm
-1

), for methoxyl group (1039 cm
-1

) and for p-

disubstituted benzene ring (817 cm
-1

). The molecular formula C18H16O7 was established by 

HREIMS spectrum of this compound which showed [M]
+
 at m/z 344.0890. Proton NMR 

spectrum (Table 4.15) of 162 exhibited absorption in an aromatic region with resonance at  

7.94 (1H, d, J = 8.6 Hz, H-2′, 6′), 7.06 (1H, d, J = 8.6 Hz, H-3′, 5′) and 6.63 (1H, s), whereas 

the resonances at  4.09, 3.95 and 3.89 for three proton each were attributed to three 

methoxyl groups. In addition to p-substituted ring B protons, the singlet methine signal was 

attested for H-3 of ring C, which is the characteristic of flavonoid moiety. 

Broad band 
13

C spectrum of 162 supported proton-NMR and mass data as it 

expressed total sixteen signals at  182.6 (C-4), 164.9 (C-2), 163.4 (C-4′), 156.6 (C-7), 149.1 

(C-8a), 147.4 (C-5), 137.1 (C-6), 130.6 (C-8), 128.4 (C-2′, 6′), 123.6 (C-1′), 114.7 (C-3′, 5′), 

108.1 (C-4a), 103.7 (C-3), 61.8 (7-OMe), 61.4 (6-OMe), 55.6 (4′-OMe) for eighteen carbon 

atoms. HMBC co-relation (Figure 4.8) supported substitutions at different position as H-3 ( 

6.63) co-related with C-2 ( 164.9), C-4 ( 182.6) and C-4a ( 108.1), H-2′, 6′ ( 7.94) 

showed linked with C-2 ( 164.9) helped substitutions at ring C. H-3′, 5′ exhibited 
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correlation with C-1′ ( 123.6) and methoxyl group ( 3.89) displayed HMBC link with 

carbon at  163.4 (C-4′) of ring B. HMBC correlation of two methoxyl groups ( 4.09 and 

3.95) with carbon signals at  156.5 (C-7) and 137.0 (C-6), respectively identified their 

attachment. 

 

Figure 4.8: Important HMBC (H→C) co-relation of 162 

According to the above-observed data, structure 162 was found to be 5,8-dihydroxy-6,7, 4′-

trimethoxyflavone, which is a known metabolite (Brahmachari et al., 2004). 

4.5.2. Characterization of 5, 6-Dihydroxy-7, 3ʹ4ʹ-Trimethoxy Flavone (167) 

IR and UV spectra of compound 167 supported a flavonoid nucleus, whereas, the 

molecular formula C18H16O7 was also found identical to 

that of 162. The 
1
H-NMR spectrum of 167 showed five 

signals in aromatic region at  7.38 (1H, dd, J = 8.9 ,1.2 

Hz, H-6′),  7.26 (1H, d, J = 1.2 Hz, H-2′ ),  6.89 (1H, 

d, J = 8.7 Hz , H-5′) other two singlets at  6.51and6.45 

whereas three methoxyl proton resonances at  3.90, 

3.88 and 3.87 which were placed at C-3′, C-4′ and C-7. Broadband spectral data (Table 4.15) 

of 167 advocated the 
1
H-NMR and mass data. The spectral finding led structure 167 to be 

5,6-dihydroxy-7,3′,4′-trimethoxy flavone that is a known phytochemical and confirmed by 

literature comparison (Voirin et al., 1985; Miski et al., 1983). 
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4.5.3. Characterization of 5, 3′, 4′-Trihydroxy-6, 7-Dimethoxyflavon (168) 

The molecular formula (C17H14O7) of compound 168 revealed one carbon less when 

compared to that of 167 and this finding was substantiated 

by NMR data of 168. Aromatic region of the 
1
H NMR 

spectrum of 168 (Table 4.15) was identical to that of 167 

just with a difference of one methoxyl group. The two 

methoxyl proton resonances were seen at  3.92 and  

3.84 instead of three. Other spectroscopic data of 168 was nearly superimposable to that of 

167 and reported in literature (Kolak et al., 2009) for 5,3′,4′-trihydroxy-6,7-dimethoxyflavon 

thus 168 was found the same.  

4.15: 
1
H and 

13
C-NMR spectral data of compounds 162, 167 and 168 (CDCl3, 400 and 100 MHz) 

respectively 

Position 
Compound 162 Compound 167 Compound 168 

H (J in Hz) C H (J in Hz) C H (J in Hz) C 

2 - 164.9 - 164.1 - 164.9 

3 6.63 (1H, s) 103.7 6.45 (1H, s) 103.3 6.51 (1H, s) 103.2 

4  182.6 - 182.3 - 182.8 

4a - 108.1 - 107.2 - 105.1 

5 - 147.4 - 153.1 - 154.1 

6 - 137.1 - 132.2 - 132.1 

7 - 156.6 - 158.2 - 158.1 

8  130.6 6.51 (1H, s) 90.2 6.50 (1H, s) 90.8 

8a - 149.1 - 153.2 - 158.2 

6OMe 3.95 (3H, s) 61.4 - - 3.84 (3H, s) 60.2 

7OMe 4.09 (3H, s) 61.9 3.87 (3H, s) 60.3 3.92 (3H, s) 60.1 

1ʹ - 123.6 - 122.1 - 122.6 

2ʹ 7.94 (1H, d, 

8.6,1.6) 

128.4 7.26 (1H, d, 1.2) 108.6 7.30 (1H, d, 2.6) 112.8 

3ʹ 7.06 (1H, d, 

8.8,1.6) 

114.7 - 147.1 - 145.0 

4ʹ - 163.4 - 151.4  149.0 

5' 7.06 (1H, d, 114.7 6.89 (1H, d, 8.7) 115.2 6.89 (1H, d, 8.6) 115.3 
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8.8,1.6) 

6ʹ 7.94 (1H, d, 8.6, 

1.6) 

128.4 7.38 (1H, 

dd,8.9,1.2) 

120.7 7.36(1H, dd, 8.6, 

2.6) 

119.3 

3ʹOMe - - 3.90 (3H,s ) 57.1 - - 

4ʹOMe 3.89 (3H, s) 55.6 3.88 (3H,s ) 56.3 - - 

 

4.5.4. Characterization of 5, 6, 4′-Trihydroxy-7, 3′-Dimethoxyflavon (169) 

Compound 169 was also isolated as yellow amorphous solid and was found to be a 

flavonoid. Its UV, mass and NMR data (Table 4.16) was 

identical to that of 168, therefore, initially it was identified as 

compound 168. However, the HMBC (Figure 4.9) 

experiment revealed the two methoxyl groups were present in 

two different rings of 169, while in 168 the two methoxyl 

groups were present on the same ring A. Slight differences in chemical shifts were further 

matched with the literature values (Voirin et al., 1985), and thus compound 169 was finally 

characterized as 5,6,4′-trihydroxy-7, 3′-dimethoxyflavon, which is also a known 

phytochemical. 

 

 

 

 

Figure 4.9: Important HMBC co-relation observed for methoxyl groups in 169 

4.5.5. Characterization of 7, 4′ Dihydroxy- 3, 5, 6-Trimethoxyflavone (170) 

Compound 170 was obtained as yellow solid whose UV spectrum indicated a 

substituted flavonol derivative. The EIMS spectrum of 170 displayed molecular ion peak 

[M]
+ 

at m/z 344, while HR-EIMS disclosed the same ion at m/z 344.0890 corresponding to 

the molecular formula C18H16 O7. The 
1
H-NMR spectrum of 170 witnessed a p-substituted 
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benzene ring B, since it showed two doublets at  7.70 

(2H, J = 8.9, H-2′, 6′) and 6.89 (2H, J = 8.5 Hz, H-3′, 

5′), while a singlet resonance at 6.50 was attested for H-

8 in ring A. Three methoxyl groups showed their 

position at  3.90, 3.88, and 3.80. The 
13

C-NMR 

spectrum (Table 4.16) of 170 was supportive of 

oxygenated flavonol nucleus. The HMBC analysis 

(Figure 4.10) helped to fix the substituents as one methoxyl group ( 3.90) was fixed at  

139.6 (C-3), other methoxyl groups (δ 3.88), (δ 3.80) at  132.2 (C-6) and 153.2 (C-5) 

respectively. 

 

Figure 4.10: Important HMBC co-relation observed for methoxyl groups in 170 

According to the above-discussed data the structure of 170 was established as 7,4-

dihydroxy-3,5,6-trimethoxyflavone which is a known phytochemical (Gebreheiwot et al., 

2010). 

4.5.6. Characterization of 5, 7, 3′, 4′-Tetrahydroxy- 3, 6 Dimethoxyflavone (171) 

Compound 171 was also found to be a flavonol derivative with 1, 3, 4-trisubstituted 

benzene ring B. It was evident from ABX splitting pattern 

of aromatic protons at  7.62 7.54 and 6.89(H-2ʹ6ʹ and 5ʹ) in 

the 
1
H NMR spectrum. The spectrum also afforded 

resonance due to an aromatic singlet at  6.50, while two 

methoxyl signals were seen at  3.88 and 3.78. After the 
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analysis of 
13

C NMR spectrum (Table 4.16), it was concluded that nature of 171 was 

comparable with that of 170, however, with some differences as shown in 
1
H NMR and 

mass spectrum. The EIMS analysis of 171 displayed molecular ion peak [M]
+
 at m/z 346 

whereas HR-EIMS which exhibited the molecular ion peak at m/z 346.0687 which 

corresponds to molecular formula C17H14O8. HMBC (Figure 4.11) information direct one 

methoxyl groups having ( 3.88) at  132.6 (C-6) and other ( 3.78) at  139.8 (C-3) of ring 

A and C. According to spectroscopic results of compound 171 and comparing with 

literature, compound 171 to be 5, 7, 3′, 4′-tetrahydroxy-3, 6-dimethoxyflavone that was a 

known phytochemical (Gebreheiwot et al., 2010).   

 

Figure 4.11: Important HMBC co-relation observed for methoxyl groups in 171 

Table 4.16: 
1
H and 

13
C-NMR spectral data of compounds169, 170 and 171 respectively 

Position 
    Compound 169      Compound 170 Compound 171 

H (J in Hz) C H (J in Hz) C H (J in Hz) C 

2 - 164.6 - 154.1 - 158.2 

3 6.52 (1H, s) 103.4 - 139.6 - 139.8 

4 - 182.8 - 182.1 - 180.4 

4a  106.0 - 105.2 - 103.5 

5  152.6 - 153.1 - 153.9 

6  132.6  132.2 - 132.6 

7  158.8  164.1 - 158.9 

8 6.50 (1H, s) 90.8 6.50 (1H, s) 90.4 6.50 (1H,s) 95.1 

8a - 154.0 - 153.3 - 153.6 

3-OMe - - 3.90 (1H, s) 56.4 3.78 (1H,s) 56.4 
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4.5.7. Characterization of 3, 4-Dihydroxy Cinnamic acid (306) 

Compound 306 was isolated as a yellow powder. The UV-spectrum of 306 displayed 

the absorption bands at 311, 282, 218 nm 

characteristic of caffeic acid (Ahmad et al., 2009). IR 

scanning of 306 showed absorption bands at 3238 

(OH), 1706 (C=O), 3104, 2940 (methine) and 1631-

1460 cm
-1 

(Ar -C=C) (Durust et al., 2001), which also 

indicated compound 306 to be derivative of cinnamic 

acid. The EIMS results displayed molecular ion peak [M]
+
at m/z 180 and HR-EIMS showed 

a molecular ion peak at m/z 180.0412 which develop the molecular formula C9H8O4 with six 

degrees of unsaturation. The Proton NMR spectroscopy (Table 4.17) of 306displayed the 

signals for three aromatic protons at δC 7.03 (1H, d, J = 2.0 Hz), 6.93 (1H, d, J = 8.4 Hz), 

6.77 (1H, dd, J = 8.4, 2.1 Hz) and hydroxyl groups with two broad singlets at δ 6.16 (1H, 4-

OH) and 5.68 (1H, 3-OH) attested the 1, 3, 4-trisubstituted pattern. The two signals at δ 7.51 

(1H, d, J = 16.0 Hz, H -7) and 6.23 (1H, d, J = 16.0 Hz, H-8) indicated the presence of trans 

double bond with characteristic coupling constant value. The 
13

C-NMR supported the 
1
H-

NMR data which confirmed the 3,4-dihydroxy cinnamic derivative due to the presence of 

5-OMe - - 3.80 (3H, s) 60.3 - - 

6-OMe - - 3.88 (3H, s) 56.1 3.88 (3H, s) 57.1 

7-OMe 3.91 (3H, s) 56.4 - - - - 

1ʹ - 122.2 - 122.7 - 122.7 

2ʹ 7.28(1H, d, 1.2) 108.9 7.70(1H, d, 8.9, 1.5 

H-2ʹ, 6ʹ) 

128.3 7.62 ( 1 H, d,1.5 H-

2ʹ) 

105.4 

3ʹ - 147.5 6.89 (1H,d, 8.9,1.6 

H-3ʹ, 5ʹ) 

115.3 - 147.4 

4ʹ - 150.0 - 161.1 - 151.3 

5' 6.93(1H, d, 8.5) 115.4 6.89 (1H, d, 8.9, 1.6) 115.3 6.89 (1H, d, 8.6) 116.5 

6ʹ 7.42(1H, dd, 

8.5, 1.7) 

120.7 7.70(1H, d,8.9, 1.5) 128.3 7.54 (1H, d, 8.9, 

1.5) 

128.1 

3-ʹOMe 3.92 (3H, s ) 56.3 - - - - 
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oxygenated quaternary carbons at δC 148.5 (C-3) and 144.7 (C-4). Finally compound 306 

was identified as caffeic acid by comparing its NMR data in literature (Hoeneisena et al., 

2003) and also comparison of Rf values on TLC chromatogram. 

 

Table 4.17: 
1
H-NMR, 

13
C-NMR (CDCl3, 400 and 100 MHz) data of compound 306 

Compound      306 

Position δH (J in Hz) δC 

1 - 128.8 

2 7.02 (d, 2.0) 123.7 

3 - 148.5 

4 - 144.7 

5 6.93 (dd, 8.0, 2.0)- 119.4 

6 6.76 (dd, 8.0) 122.7 

7 7.50 (d, 16.0) 144.9 

8 6.22 (d, 16.0) 123.6 

9 - 171.2 

 

4.5.8. Characterization of Stigmasterol (307) 

Compound 307 was isolated as shining crystals, which in EIMS spectrum exhibited 

the molecular ion peak at m/z 412 with 

characteristic fragment ions at m/z 367, 329, 

303, 273, 199 for a sterol nucleus. HREIMS 

revealed the molecular formula C29H48O and   

with six degrees of unsaturation. The 
1
H-NMR 

(Table4.18) spectrum of compound 307 was 

indicative of 
5 

and
 


22
 sterol, since it 

displayed signals at  5.37 (1H, brs, H-6), 4.17 (1H, dd, J = 15.2, 8.4 Hz, H – 22) and 5.16 

(1H, dd, J = 15.2, 8.5 Hz, H-23 for an olefinic proton whereas the resonance at  3.54 (1H, 

m) was attributed to H-3. Six methyl displayed their positions at  1.00 (3H, s, 19-Me), 0.93 

(3H, d, J = 6.5 Hz, 21-Me), 0.83 (3H, d, J = 6.7 Hz, 26-Me), 0.87 (3H, t, J = 7.7 Hz. 29-

Me), 0.83 (3H, d, J = 6.7 Hz, 27-Me) and 0.69 (3H, s, 18-Me). Signals for several ring 

methylenes (Table 4.18) substantiated sterol moiety. Broadband
 13

C NMR spectrum 

displayed total 29 carbon signals at  145.7 (C-20), 139.0 (22,CH), 121.7 (6,C-H), 118.1 

(23,CH), 78.9 (3,CH), 56.9 (14,CH), 55.1 (17,C-H), 55.3 (24,C-H), 50.1 (9,C-H), 42.2 
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(13,C), 40.0 (12,CH2), 38.8 (4,CH2), 37.5 (10,CH2), 37.0 (20,CH), 36.9 (1,CH2), 36.3 (8,C-

H), 34.3 (7,CH2), 29.5 (25,CH3), 28.4 (2,CH2), 28.2(16,CH2), 27.3 (19,CH3), 25.2 (28,CH2), 

24.2 (15,CH2), 21.5 (11,CH2 ), 21.5 (26,CH3), 21.4(27,CH3), 19.2 (21,CH3) 15.5 (18,CH3), 

15.2 (29, CH3). This data was superimposable to the data published for stigmasterol (Pateh 

et al., 2008). Therefore, compound 307 was found to be the same, which was further 

confirmed through comparative TLC with the standard sample in our lab. 

Table 4.18: 
1
H and 

13
C-NMR spectral data of 307 (CDCl3, 400 MHz, 100 MHz) respectively. 

                                                            Compound      307 

Position H (J in Hz) C Position H (J in Hz) C

1 2.52 (2H, ) 37.0 16 1.64 (2H, m) 28.1 

2 1.76 (2H, m) 28.3 17 1.36 (1H, m) 55.0 

3 3.59 (1H,br, s) 78.9 18 0.71 (3H, s, Me) 15.5 

4 2.32 (2H, m) 38.8 19 1.05 (3H, s, Me) 27.3 

5 - 145.7 20 2.38 (1H, m) 37.0 

6 5.39 (1H, br s) 121.7 21 1.03 (3H, d, 7.5, Me) 19.2 

7 2.1 (2H, m) 34.3 22 4.18 (1H, dd, 15.2, 8.5) 139.0 

8 1.16 (1H, m) 36.3 23 5.17 (1H, dd, 15.2, 8.5) 118.1 

9 1.47 (1H, m) 50.0 24 1.28 (1H, m) 53.4 

10 - 37.5 25 1.51 (1H, m) 29.5 

11 1.55 (2H, m) 21.5 26 0.82 (3H, d, 6.6, Me) 21.5 

12 1.78 (2H, m) 40.0 27 0.85 (3H, d, 6.7, Me) 21.4 

13 - 42.2 28 0.77 (2H, d, 5.2 ) 25.2 

14 1.16 (1H, m) 56.8 29 0.88 (3H, t, 7.6, Me) 15.3 

15 1.81 (2H, m) 24.2   -    -    - 
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CHAPTER 5 
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5.1. MATERIAL AND METHODS 

Phytochemical investigation of Seriphidium oliverianum and Caragana brachyantha 

accompanied by various techniques, chromatography, spectroscopy, mass spectrometry and 

Ultra-High Performance Liquid Chromatography mass spectrometry (UHPLC-MS) which 

are given below: 

5.1.1. Chromatographic Techniques 

Commercially available solvents, n-hexane, dichloromethane (DCM), ethyl acetate 

(EtOAc), methanol (MeOH) and chloroform (CH3Cl) were distilled at their respective 

boiling points before use. These solvents were used for extraction of plant material and as 

mobile phase in chromatographic techniques. For classical column chromatography, silica 

gel (230-400 mesh, Darmstadt, Germany) and (Keiselgel-70-230 mesh, E-Merck) was used 

as stationary phase in column chromatography. Gradient elution was adopted during column 

chromatography. Different fractions obtained from the columns were monitored on 

aluminum sheet pre-coated with silica gel GF254 (E-Merck) having 0.20 mm thickness. Spots 

of well separated colored compounds in thin layer chromatography were identified through 

the naked eye. UV lamp having wavelength 254 and 366 nm were used to see colorless UV 

active compounds on developed TLC plates. UV inactive phytochemicals on chromatograms 

were observed by using Iodine and or ceric sulphate (ceric sulphate in 10% H2SO4) solution 

followed by heating. 

5.1.2. Spectroscopic Techniques Used to Characterize Phytochemicals 

The UV spectra were recorded on, U-3200 HITACHI or Schimadzu UV-240 

spectrophotometer (Diusburg, Germany) while IR spectra were recorded as KBr disc 

method on JASCO-320-A infrared spectrophotometer/ Schimadzu 460 spectrophotometer 

(Diusburg, Germany). 

The 
1
H-NMR spectra were recorded at Bruker AM 400 and 500 MHz in deuterated 

solvents and 
13

C-NMR spectra at 100 or 125 MHz. The 2D-NMR spectra were also 

measured on the same machines operating at 400 and or 500 MHz. The chemical shift 

values (δ) are reported in ppm and the coupling constant (J) are in Hz. TMS was used as an 
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internal reference. The EI-MS, HR-EI-MS, HR-FAB-MS and FAB-MS, were studied on 

Finnigan (Varian MAT, Waldbronn, Germany) mass spectrometers respectively. 

5.2. INSTRUMENTATION AND WORK METHODOLOGY OF UHPLC-MS 

Based on solubility, crude methanolic extract(s) were divided into various fractions. 

Secondary metabolic pictures of the obtained fractions were scanned by RP-UHPLC-MS. 

UHPLC of Agilent 1290 Infinity LC system coupled to Agilent 6520 Accurate-Mass Q-TOF 

mass spectrometer with dual ESI source was used. The UHPLC was equipped with Agilent 

Zorbax Eclipse XDB-C18 column of 2.1 x 150 mm, 3.5 micron (P/N: 930990-902), whereas, 

the temperature of auto-sampler and column was maintained at 4°C and 25°C, respectively. 

Mobile phase A comprises 0.1% formic acid solution in water, whereas, 0.1% formic acid 

solution in acetonitrile was used as mobile phase B, and the flow rate was kept as 0.5 

mL/min. 1.0 μL of methanol extract was injected for the time of 25 min, and 5 min were 

used for post-run time. Nitrogen gas with a flow rate of 25 and 600 L/hour was used as a 

source of nebulizing and drying gas respectively and the temperature was maintained at 

350°C. The fragmentation voltage was optimized to 125 V. Analysis was performed with a 

capillary 1 voltage of 3500 V (Saleem et al, 2018, Khan et al, 2019) 

5.3. ASSESSMENT OF THE PHARMACEUTICAL VALUE OF CRUDE EXTRACTS OF 

SERIPHIDIUM OLIVERIANUM AND CARAGANA BRACHYANTHA 

Crude extracts of Seriphidium oliverianum, Caragana brachyantha and their 

fractions were tested for total phenolics and flavonoid contents, DPPH, ABTS, FRAP, 

CUPRAC, phosphomolybdenum, metal chelation, α-glucosidase, α-amylase and tyrosinase 

according to procedure discussed below in Chapter No 6. 

5.4. PROCEDURES FOR PREPARATION OF EXTRACTS OF PLANT MATERIAL 

5.4.1. Collection and Identification of Seriphidium Oliverianum 

Seriphidium oliverianum was collected from Quetta, Baluchistan in September 2012 

and was identified by Prof. Dr Rasool Bakhsh Tareen, Department of Botany, University of 
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Baluchistan, Quetta, where the voucher specimen (SO/RBT-211-12) has been deposited in 

the herbarium. 

5.4.2. Extraction of Plant Material 

The whole plant (10kg) of Seriphidium oliverianum was dried under shade for two 

week, ground into a coarse powder and then extracted with methanol (twice) at room 

temperature for one week. The extract was concentrated on a rotary evaporator under 

reduced pressure to get 175 g of a dark brown gummy mass. 

5.4.3. Isolation and Purification 

The methanolic extract of Seriphidium oliverianum was then suspended in distilled 

water (1.0 L) and was partitioned into n-hexane and ethyl acetate parts. The n-hexane 

soluble fraction was chromatographed on silica gel column by using n-hexane, n-hexane: 

ethyl acetate, ethyl acetate, ethyl acetate:methanol, methanol in increasing order of polarity 

as mobile phase and six fractions were obtained (So- H1 to So-H6, Scheme 4.1). 

The fraction So-H3 was subjected to silica gel column chromatography eluting with 

n-hexane: ethyl acetate in increasing order of polarity and obtained five sub-fractions (So-

H3b1 to So-H3b5). The sub-fraction So-H3b2 was again passed through silica gel column with 

n-hexane: ethyl acetate (6:4) to get compounds 267 (25 mg) and 270 (51 mg). The sub-

fraction So-H3b3 was also subjected to repeated column chromatography using the same 

mobile phase to isolate compound 268 (30 mg). 

The main fraction So-H4 was again loaded onto a silica gel column and eluted with 

gradient mobile phase of of n-hexane: ethyl acetate and obtained four sub-fractions (So-H4a 

to So-H4d). The sub- fraction SO-H4a was further purified on silica gel column with n-

hexane: ethyl acetate (7:4) and compound 271 (60 mg) was obtained. Other sub-fraction So-

H4d was also subjected to silica gel column chromatography eluting with chloroform: 

methanol (5:0.5) followed by its cleaning sephadex LH-2-column to get compound 272 (48 

mg). 
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The main fraction So-H2 was also treated in the same fashion and eluting with n-

hexane: ethyl acetate (50:50) as mobile phase to get compound 273 (45 mg) and 269 (10 

mg). 

The main So-E was chromatographed on silica gel column by using n-hexane, n-

hexane: ethyl acetate, ethyl acetate, ethyl acetate: methanol, methanol as mobile phase to get 

total eight fractions (So-E1 to So-E8, Scheme 5.1). 

The fraction So- E 2 showed some prominent spots in TLC and thus was subjected 

to silica gel column chromatography using a gradient mobile phase of n-hexane: ethyl 

acetate (8:2), n-hexane: ethyl acetate (7.5:2.5), n-hexane: ethyl acetate (6:4), n-hexane: 

ethyl acetate (5:5), n-hexane: ethyl acetate (4:6), n-hexane: ethyl acetate (3:7) to obtain two 

compounds 154 (12 mg) and 277 (11 mg) obtained both as a white powder. 

The fraction So-E3 was chromatographed on silica gel column using mobile phase, 

n-hexane: ethyl acetate (7:3), n-hexane: ethyl acetate (6:4) and n-hexane: ethyl acetate (4:6) 

in increasing order of polarity, and four sub-fractions (So-E3f1 to So- E3f4) were obtained. 

The sub-fraction So-E3f4 after processing in repeated silica gel column chromatography 

using mobile phase n-hexane: ethyl acetate (7.5:2.5), n-hexane: ethyl acetate (6.5:3.5) n-

hexane: ethyl acetate (3:7) in increasing order of polarity to give three compounds 134 (9 

mg) 136 (11 mg) and 130 (10 mg) respectively. 

The fraction So-E4 was also passed over silica gel column by n-hexane: ethyl 

acetate (7:3), n-hexane: ethyl acetate (6:4) and n-hexane: ethyl acetate (4:6), n-hexane: 

ethyl acetate (3:7) respectively to give five sub-fraction (So-E4c1 to So- E4c5). The sub-

fraction So-E4c4 was further purified on another silica gel column eluting with mobile phase 

n-hexane: ethyl acetate (4:6), n-hexane: ethyl acetate (3:7), n-hexane: ethyl acetate (2:8) in 

increasing order of polarity to give compound 278 (13 mg). 

Further silica gel column chromatography of the fraction So-E5 eluting with n-

hexane: ethyl acetate (6.5:3.5), n-hexane: ethyl acetate (4.5:5.5) and n-hexane: ethyl acetate 

(3.5:6.5), n-hexane: ethyl acetate (1.5:8.5) yielded four sub-fraction (So-E5g1 to So-E5g4). 

The sub-fraction So-E5g4 on repeated silica gel column chromatography using gradient of 
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n-hexane: ethyl acetate provided three compounds 274 (12 mg) 275 (11 mg) and 276 (8 

mg). 

The fraction So-E6 was also subjected to repeated silica gel column chromatography 

by with mobile phase, n-hexane: ethyl acetate (5:5), n-hexane: ethyl acetate (4.5:5.5) and n-

hexane: ethyl acetate (3.5:6.5), n-hexane: ethyl acetate (0.5:9.5) to give three sub-fraction 

(So-E6e1 to So-E6e3). The sub-fraction So-E6e1 on further cleaning with repeated silica gel 

column chromatography using gradient of n-hexane: ethyl acetate (4:6), n-hexane: ethyl 

acetate (3:7), n-hexane: ethyl acetate (1:9) and obtained compounds 133 (10 mg) and 160 

(12 mg) respectively. 

 

Scheme.5.1: Scheme for extraction and isolation of Seriphidium oliverianum 
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5.5. Spectroscopic data of phytochemicals isolated from Seriphidium oliverianum 

5.5.1. Spectroscopic data of diethyl-2, 6-diphenyl - 4-(3-nitrophenyl)-1,4-

dihydropyridine -3 , 5-carboxylate (267): Pale yellow amorphous solid (25 mg); 

IR(KBr): 3355 cm
-1 

(C-NH-C), 1640 cm
-1 

(olefinic system), 1710 cm
-1

 (C=O), 1590, 

1520, 1475 cm
-1

(Ar-C=C); 1510, 1480 cm (NO2); 
1
H-NMR and 

13
C-NMR See Table 

4.4; EIMS: m/z 497 HREIMS: m/z (497.1721[M-H]
-
; calcd. for C29H26N2O6). 

5.5.2. Spectroscopic data of 2, 6-diacetylyl-3, 5-dimethyl-4-(3-nitrophenyl)-1,4-

dihydropyridine (268): Yellow amorphous solid(30 mg ); IR (KBr): 3356 cm
-1 

(C-NH-C), 1641 cm
-1 

(C-C=C), 1711 cm
-1

 (C=O), 1591, 1521, 1476 cm
-1

(Ar-

C=C); 1511, 1481 cm
-1 

(-NO2); 
1
H-NMR and 

13
C-NMR: See Table .4.4, EIMS: 

m/z 313, HREIMS: m/z (313.1165 [M-H]
-
 calcd. for C17H18N2O4). 

5.5.3. Spectroscopic data of diethyl-2,6-dimethyl-4-(3-nitrophenyl)-1,                             

4-dihydropyridine-3,5-carboxylate (269): Yellowish amorphous solid (10 mg); 

IR (KBr): 3365 cm
-1 

(C-NH-C), 1653 cm
-1 

(olefinic system), 1680 cm
-1

 (C=O), 

1605, 1515, 1470 cm
-1

(Ar-C=C); 1512, 1486 cm (NO2); 
1
H-NMR and 

13
C-NMR 

See Table 4.5; EIMS: m/z 374 HREIMS: m/z (374.115[M-H]
-
; calcd. for 

C19H22N2O6). 

5.5.4 . Spectroscopic data of hexadecyl ferulate (270) and octadecyl-p-coumarate (271): 

            Compoumds 270-271 have been re-isolated from the same source in our lab, their 

spectroscopic data may be inspected from thesis entitled, “Identification of organic 

compounds from Hexane fraction of the extract of Seriphidium oliverianum”. 
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5.5.5. Spectroscopic data of methyl p-coumarate (272): White crystalline solid (48 mg); 

IR (KBr) cm
-1

: 3440 (O-H), 3107, 2947 (methine), 1729 cm
-1

 (ester C = O); 1610, 

1532 (Ar-C = C) and 
1
H-NMR and 

13
C-NMR See Table 4.5; EIMS: m/z 178 [M

+
]; 

HREIMS: m/z (178.0640 calcd. for C10H10O3). 

5.5.6. Spectroscopic data of methyl 2, 5-dihydroxycinnamate (273): White crystalline 

solid (45 mg); IR (KBr) cm
-1

: 3442 (O-H), 3106, 2944 (methine), 1727 cm
-1

 (ester 

C=O); 1635-1484 (Ar-C=C) and 
1
H-NMR and 

13
C-NMR See Table 4.5; EIMS: 

m/z 194 [M
+
]; HREIMS: m/z (194.0579 calcd. for C10H10O4). 

5.5.7. Spectroscopic data of 5,7,4′-trihydroxy-6-methoxyflavone (130): Yellow 

amorphous solid (10 mg); IR (KBr) cm
-1

: 3470 (O-H), 1650 (C=O), 1510, 1460 

(Ar-C=C), 1032 cm
-1

 (methoxyl groups); 
1
H - NMR and 

13
C-NMR See Table 4.6 

EIMS: m/ z 300[M
+
]; HREIMS: m/z (300. 0684 calcd. for C16H12O6). 

5.5.8. Spectroscopic data of 5,7-dihydroxy-6,4′-dimethoxyflavon (133): Yellow 

crystalline solid (10 mg); IR (KBr) cm
-1

: 3476 (O-H), 1640 (α  unsaturated 

ketone), 1650, 1505, 1464 (Ar-C=C), 1034 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 4.6 EIMS: m/ z 314[M

+
]; HREIMS: m/z (314.0522 calcd. for 

C17H14O6). 

5.5.9. Spectroscopic data of 5,7-dihydroxy 6,3′,4′,5′- tetramethoxyflavone (134): Yellow 

amorphous solid (9mg); IR (KBr) cm
-1

: 3459 (O-H), 1675 ( unsaturated ketone), 

1655, 1503, 1462 (Ar-C=C), 813, 1035 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 4.6 EIMS: m/z 374[M

+
]; HREIMS: m/z (374.0641 calcd. for 

C19H18O8). 

5.5.10. Spectroscopic data of 5,7,4′-trihydroxy-6,3′,5′-trimethoxyflavone (136): Yellow 

amorphous solid (11 mg); IR (KBr) cm
-1

: 3485 (O-H), 1637 (C=O), 1593, 1503 

(Ar-C=C), 1037 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 4.7 

EIMS: m/z 360[M
+
]; HREIMS: m/z (360.0480 calcd. for C18H16O8). 
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5.5.11. Spectroscopic data of methyl 3,4,5-trihydroxybenzoate (154): White crystalline 

solid (12 mg); IR (KBr) cm
-1

: 3412 (O-H), 3101 (methine), 1731 cm
-1

 (ester 

C=O); 1633-1672 (Ar-C=C) and 
1
H-NMR and 

13
C-NMR See Table 4.7; EIMS: 

m/z 184 [M
+
]; HREIMS: m/z (184.014 calcd. for C8H8O5). 

5.5.12. Spectroscopic data of 4′-methoxy kaempferol-3-O-β-D-glucopyranoside (160): 

Yellow crystalline solid (12 mg); IR (KBr) cm
-1

: 3477 (O-H), 1641 (α  

unsaturated ketone), 1651, 1506, 1465 (Ar-C=C), 1035 cm
-1

 (methoxyl groups); 

1
H-NMR and 

13
C-NMR See Table 4.7 EIMS: m/ z 463[M

+
]; HREIMS: m/z 

(463.43214 calcd. for C22H23O11 

5.5.13. Spectroscopic data of tetracosyl (E)-3-(4-hydroxyphenyl) acrylate (274): 

Colorless amorphous solid (12 mg); IR (KBr) cm
-1

: 3430 (O-H), 1613 (C = C), 

1515-1467 (aromatic system) ,1200 cm
-1

(C-O ) and 1730 cm
-1

 (C=O); 
1
H-NMR 

and 
13

C-NMR See Table 4.8; EIMS: m/z 530 [M
+
]; HREIMS: m/z (530.464 calcd. 

for C34H58O4). 

5.5.14. Spectroscopic data of docosyl (E)-3-(4-hydroxyphenyl) acrylate (275): Colorless 

amorphous solid (11 mg); IR (KBr) cm
-1

: 3431 (O-H), 1614 (C=C), 1516-1468 

(aromatic system) and 1731 cm
-1

 (C=O); 
1
H-NMR and 

13
C-NMR See Table 4.8; 

EIMS: m/z 440 [M
+
]; HREIMS: m/z (440. 352 calcd. for C29H44O3). 

5.5.15. Spectroscopic data of 4-hydroxyphenyl ethyl hexacosyloate (276): White 

amorphous powder (8 mg); IR (KBr) cm
-1

: 3416 (O-H), 3102; 2945 (methine), 

1565-1482 (Ar-C=C) and 1722 cm
-1

 (ester C=O); 
1
H-NMR and 

13
C-NMR See 

Table 4.9; EIMS: m/z 516 [M
+
]; HREIMS: m/z (516.4540 calcd. for C34H60O3). 

5.5.16. Spectroscopic data of 4-hydroxyphenyl ethyl tricontanoate (277): White 

amorphous powder (11 mg); IR (KBr) cm-1: 3417 (O-H), 3103, 2946 (methine), 

1723 cm-
1
 (ester C=O); 1566-1483 (Ar-C=C) and 

1
H-NMR and 

13
C-NMR See 

Table 4.9; EIMS: m/z 572 [M
+
]; HREIMS: m/z (572.5140 calcd. for C38H68O3) 
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5.5.17. Spectroscopic data of 7- Hydroxy-4-methoxy coumarin (278): White crystalline 

solid (13mg); IR (KBr) cm
-1

: 3310 (O-H,phenol), 3020(CH,methine) 1510-1480 

(Ar-C=C), 1710 cm
-1

 (C=O,pyrone ester carbonyl), 
1
H-NMR and 

13
C-NMR See 

Table 4.10 EIMS: m/z 192[M
+
]; HREIMS: m/z (192.024 calcd. for C10H8O4).  

5.6. Experimental Procedure of Caragana brachyantha 

5.6.1. Collection and Identification of Caragana brachyantha 

Caragana brachyantha was collected from Ziarat, Baluchistan in September 2012 

and was identified by Prof. Dr. Rasool Bakhsh Tareen, Department of Botany, University of 

Baluchistan, Quetta, where the voucher specimen (Cb/RBT-212-13) has been deposited in 

the herbarium. 

5.6.2. Extraction of Plant Material 

The whole plant (8kg) of Caragana brachyantha was dried under shade for two 

weeks, ground into a coarse powder and then extracted with methanol at its boiling point by 

using soxhlet apparatus. The extract was evaporated on a rotary evaporator under reduced 

pressure to get 180 g of a dark brown gummy mass. 

5.6.3. Isolation and Purification 

The methanolic extract of Caragana brachyantha was then suspended in distilled 

water (1.0 L) and was extracted with n-hexane and ethyl acetate respectively to get hexane 

and ethyl acetate fractions (amount 145g). 

The ethyl acetate fraction was chromatographed on silica gel column by using n-

hexane, n-hexane: ethyl acetate, ethyl acetate, ethyl acetate: methanol, methanol in 

increasing order of polarity as mobile phase to get total five fractions (Cb-E1 to Cb-E6, 

Scheme 5.2). 

The fraction Cb-E2 was subjected to silica gel column chromatography by using a 

gradient elution with n-hexane: ethyl acetate to get eight sub-fractions (Cb-E2j1 to Cb-E2j8). 

The sub-fraction (Cb-E2j7 and Cb-E2j8) was purified by repeated silica gel column 
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chromatography using n-hexane: ethyl acetate (8.5:1.5) , n-hexane: ethyl acetate (8:2), n-

hexane: ethyl acetate (7:3), n-hexane: ethyl acetate (6:5), n-hexane: ethyl acetate (4:6), n-

hexane: ethyl acetate (3:7), n-hexane: ethyl acetate (2.5:7.5) in increasing order of polarity 

and obtained three compounds 162 (12 mg), 169 (10 mg) and 170 (11 mg). The fraction 

Cb-E3 was also passed through silica gel column with n-hexane: ethyl acetate (7:3), n-

hexane: ethyl acetate (6:4), n-hexane: ethyl acetate (4:6) in increasing order of polarity to 

produce four sub-fractions (Cb-E3k1 to Cb-E3k4), The sub-fraction Cb-E3k4 after passing 

through repeated silica gel column with n-hexane: ethyl acetate (7.5:2.5), n-hexane: ethyl 

acetate (6.5:3.5) n-hexane: ethyl acetate (3:7) yielded compounds 168 (9 mg) and 167 (13 

mg)  respectively. 

The fraction Cb -E4 was passed over silica gel column by using mobile phase, n-

hexane: ethyl acetate (7:3), n-hexane: ethyl acetate (6:4) and n-hexane: ethyl acetate (4:6), 

n-hexane: ethyl acetate (3:7) as mobile phase to give five sub-fraction (Cb-E4l1 to Cb-E4l5). 

The sub-fraction Cb-E4l5 was again subjected to silica gel column and eluted with n-hexane: 

ethyl acetate (4:6), n-hexane: ethyl acetate (5:5), n-hexane: ethyl acetate (4.5:5.5) in 

increasing order of polarity to get compounds   171 (12 mg) respectively. The fraction Cb-

E5 was treated exactly in the same fashion to get a sub-fraction which was further cleaned 

through sephadex LH - 20 to purify two compounds 306 (10 mg) and 307 (14 mg). 
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Scheme.5.2: Scheme for extraction and isolation of Caragana brachyantha 
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5.7. Spectroscopic data of phytochemicals isolated from Caragana brachyantha 

5.7.1. Spectroscopic data of 5,8-dihydroxy-6,7,4′-trimethoxyflavone (162): Yellow 

amorphous solid (16 mg); IR (KBr) cm
-1

: 3487 (O-H), 1639 (C=O), 1595, 1505 

(Ar-C=C), 1039 cm
-1

 (methoxyl groups)and 817 cm
-
1(p-substituted ring); 

1
H-

NMR and 
13

C-NMR See Table 4.15 EIMS: m/ z 344 [M
+
]; HREIMS: m/z 

(344.0890 calcd. for C18H16O7). 

5.7.2. Spectroscopic data of 5,6-dihydroxy-7,3ʹ,4ʹ-trimethoxy flavone (167): Yellow 

amorphous solid (22 mg); IR (KBr) cm
-1

: 3456 (O-H), 1672 (C=O), 1652, 1501, 

1459 (Ar-C=C), 1304 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 

4.15 EIMS: m/z 344 [M
+
]; HREIMS: m/z (344.128 calcd. for C18H16O7). 

5.7.3. Spectroscopic data of 5, 3′, 4′-trihydroxy-6,7-dimethoxyflavon (168): Yellow solid 

(23 mg); IR (KBr) cm
-1

: 3456 (O-H), 1672 (C=O), 1652, 1501, 1459 (Ar - C= C), 

1304 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 4.15 EIMS: m/ z 

330 [M
+
]; HREIMS: m/z (330.0731 calcd. for C17H14O7). 

5.7.4. Spectroscopic data of 5,6,4′-trihydroxy-7,3′-dimethoxyflavon (169): Yellow 

amorphous solid (20 mg); IR (KBr) cm
-1

: 3488 (O-H), 1640 (C=O), 1596, 1506 

(Ar-C=C), 1040 cm
-1

 (methoxyl groups); 
1
H- NMR and 

13
C-NMR See Table 4.16 

EIMS: m/ z 330 [M
+
]; HREIMS: m/z (330.0738 calcd. for C17H14O7). 

5.7.5. Spectroscopic data of 7,4′ dihydroxy-3,5,6-trimethoxyflavone (170): Yellow solid 

(18 mg); IR (KBr) cm
-1

: 3488 (O-H), 1640 (C=O), 1596, 1506 (Ar-C=C), 1040 

cm
-1

 (methoxyl groups); 
1
H - NMR and 

13
C-NMR See Table 4.16 EIMS: m/z 344 

[M
+
]; HREIMS: m/z (344.0890 calcd. for C18H16O7). 

5.7.6. Spectroscopic data of 5,7,3′,4′-tetrahydroxy-3,6 dimethoxyflavone (171): Yellow 

crystalline solid (20 mg); IR (KBr) cm
-1

:1593, 1503 (Ar-C=C), 3483 (O-H), 1641 

(C=O), 1041 cm
-1

 (methoxyl groups); 
1
H-NMR and 

13
C-NMR See Table 4.16 

EIMS: m/z 346 [M
+
]; HREIMS: m/z (346.0687 calcd. for C17H14O8). 
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5.7.7. Spectroscopic data of 3, 4-dihydroxy cinnamic acid (306): Yellow powder (17 mg); 

IR (KBr) cm
-1

: 3238 (O-H), 1706 (C=O), 3104, 2940 (CH-methine), 1631-1460 

(C=C), 
1
H-NMR and 

13
C-NMR, See Table 4.17 EIMS: m/z 180 [M

+
]; HREIMS: 

m/z (180.0412 calcd. for C9H8O4). 

5.7.8. Spectroscopic data of stigmasterol (307): White amorphous powder (15 mg); IR 

(KBr): 3386, 1663 cm
-1

; 
1
H-NMR and 

13
C-NMR: data are provided See (Table 

4.18). EIMS: m/z 412[M] 
+
; HR-EIMS: 412.3701 (412.3705 calcd. for C29H48O).  
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6.1. PROTOCOL EMPLOYED FOR PLANT BIOACTIVITIES 

Different polarity solvent extracts So-M, So-H, So-E, and So-W of Seriphidium 

oliverianum and Cb-H Cb-E Cb-B Cb-M Cb-W of Caragana brachyantha were tested for 

antioxiant potentials (DPPH, ABTS, FRAP, CUPRAC, phosphomolybdenum, metal 

chelation assays) (Table 4.1, 4.3, 4.12, 4.14) and enzyme inhibitory assays (tyrosinase, α-

amylase and α-glucosidase) (Table 4.2, 4.13). 

6.2. BIOASSAYS 

6.2.1. Total Antioxidant Capacity Evaluation (Phosphomolybdenum Method) 

The reagent used for evaluation of the total antioxidant activity of the extract was 

prepared by mixing 0.6 M sulfuric acid, 4 mM ammonium molybedate and 28 mM sodium 

phosphate. 3 mL of reagent solution was mixed with 0.3 ml of the sample and incubated at 

95 °C for 90 min. The absorbance was recorded at 695 nm in the presence of Trolox 

equivalents as standard (Grochowski et al., 2017) 

6.2.2. Total Phenolics and Flavonoids Capacity Evaluation (Folin-Ciocalteu and 

Aluminium Trichloride, Method) 

To measure the total phenolics, Folin-Ciocalteu method was adopted, in which a 

mixture of 1.0 ml of diluted Folin-Ciocalteu reagent and 0.25 ml of extract (9:1 dilution 

ratio) was incubated at room temperature for three min + 0.76 mL of 1% Na2CO3 solution. 

Incubated the reaction mixture for two hours and the absorbance was recorded at 760 nm 

using gallic acid as standard (Aktumsek et al., 2013). 

Aluminium trichloride method was used for the evaluation of total flavonoids 

contents of all four crude extract (Zengin et al 2014). 1.0 mL of 2% methanolic AlCl3 

solution was mixed with an equal volume of extract, incubated for 10 min and absorbance 

was noted at 415 nm. Rutin was used as a standard in this assay (Mocan et al., 2017). 
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6.2.3. DPPH Free Radical Scavenging Assay 

The stable radical 1, 1-diphenyl-2-picrylhydrazyl (DPPH) was used as the target 

species for the measurement of antioxidant activity. 1.0 mL of sample concentrations was 

mixed with 4.0 mL of 0.004% methanolic DPPH in 96-well plates, incubated for 30 minutes 

at 37 °C and absorbance was recorded at 517nm (Zengin et al., 2016). 

In another method, the stable radical 1, 1-diphenyl-2-picrylhydrazyl l (DPPH) was 

used for the measurement of antioxidant activity. Different concentrations of the sample 

were prepared in DMSO. 5 µL of each sample concentrations and 90 µL of 100 µM DPPH 

(methanolic) was added in 96-well plates of 100 µL. Mixed and incubated for 30 minutes at 

37
o
C. At 517nm the absorbance was recorded. Quercetin (74) was used as a reference 

compound. Inhibition% and IC50 value were measured (Koleva et al., 2002). 

6.2.4. ABTS free Radical Scavenging Assay 

The first step involved the production of ABTS by mixing ABTS solution (7 mM) 

with potassium persulfate (3.85 mM) and allowed to rest at 25 °C in dark for 12-16 hr. 

ABTS solution was then diluted up to the absorbance of 0.700 ± 0.02 at 734 nm, and was 

mixed with sample solution (ABTS: Sample, 1:2) and was the mixture was incubated at 25 

°C for 30 min. The absorbance was recorded at 734 nm while Trolox was used as the 

reference standard (Zengin et al., 2016). 

6.2.5. Metal Chelating Assay 

2.0 mL of the sample solution was mixed with 0.05 mL of 2 mM ferrous chloride 

solution followed by the addition of 0.2 mL of ferrozine (5 mM) as reaction initiator. 

Absorbance was recorded at 562 nm by using disodium edentate (EDTA) as standard 

(Zengin et al., 2016). 

6.2.6. Cupric Ion Reducing Assay 

0.5 mL of the sample solutions were added to the reaction mixture of 1.0 mL of 

CuCl2 (10 mM), 1.0 mL of neocuproine (7.5 mM), and 1.0 mL of NH4Ac buffer (1.0 M, pH 
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7.0), incubated at 25 °C for 30 min and the absorbance was recorded at 450 nm, where 

Trolox equivalents were used to express the measurement unit (Marini et al., 2018). 

6.2.7. Ferric Reducing Antioxidant Assay 

0.1 mL of the sample solutions were mixed with freshly prepared 2.0 mL FRAP 

reagent which was prepared by 300mM of acetate buffer (pH 3.6) with TPTZ 10 mM (2, 4, 

6 - tris (2-pyridyl) - S - triazine and 20 mM of ferric chloride with a ratio of 10:1:1 (v/v/v). 

The absorbance was recorded at 593 nm at room temperature after incubation for 30 min, 

whereas, Trolox was used as standard (Bahadori et al., 2017). 

6.2.8. Cholinesterase Inhibition Assay 

Ellman‟s method is used for determination of Cholinesterase inhibition (Grochowski 

et al, 2017). The sample solutions, Ellman‟s reagent (DTNB (5, 5-dithio-bis (2-nitrobenzoic) 

acid, 125 µL) and enzymes (acetylcholinesterase/ butyrylcholinesterase) are mixed in ratio 

2:5:1 in the presence of buffer solution of Tris-HCl with pH 8.0 in 96-well plates and 

allowed for 15 min at 25 °C followed by the addition of 25 µL of acetylthiocholine iodide as 

the substrates for AChE and butyrylthiocholine chloride for BChE. Absorbance was 

measured at 405nm after 10 min in the presence of glutamine as a positive control (Lazarova 

et al, 2015). 

6.2.9. Tyrosinase Inhibition Assay 

In Tyrosinase inhibition measurement, L-DOPA was used as substrate.25 μL of the 

extract solutions and 40 μL of tyrosinase (from mushroom, EC 1.14.18.1, Sigma-Aldrich) 

solution were mixed in the presence of phosphate buffer (100 μL, pH 6.8) in a 96-well 

microplate. After incubation at room temperature for 15 min, the reaction was initiated by 

adding 40 μL of L-DOPA. The reaction mixture was further incubated at room temperature 

for 10 min; absorbance was measured at 492 nm by using Kojic acid as reference (Zengin et 

al., 2016). 
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6.2.10. α-Amylase Inhibition Assay 

Caraway-Somogyi iodine/potassium iodide (IKI), commonly available method, was 

used for evaluation of the anti-α-amylase activity. 25 µL sample solution was mixed with 50 

µL of α-amylase solution (prepared in phosphate buffer, pH 6.9) in 96-well-microplates and 

incubated for 10 min at 37 °C followed by the addition of50 µL of starch solution (0.05%). 

After 10 min of incubation at 37 °C, 25 µL of 1.0 M HCl solution was used to stop the 

reaction. The absorbance was measured at 630 nm by adding iodine-potassium iodide with 

acarbose as a positive inhibitor (Lazarova et al, 2015). 

6.2.11. α - Glucosidase Inhibition Assay 

4-Nitrophenyl β-D-glucopyranoside was used as a substrate in α-glucosidase 

inhibition assay. 50 µL of the sample solutions were mixed with an equal volume of 50 µL 

of the enzyme (in phosphate buffer with pH 6.8) in the presence of 50 µL of PNPG (10 mM) 

as a substrate in 96-well microplate reader. After 15 min incubation at 37 °C, The reaction 

was stopped by adding 50 µL of sodium carbonate. The absorbance was recorded at 400 nm, 

using acarbose as a positive control (Mocan et al, 2016). 
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