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Chapter 1 

1.0 Summary 

The work embodied in the present thesis is presented in two parts, namely studies on 

the bioactive constituents of Lawsonia alba (Henna) (Part-A) and analysis of salicylic acid 

and its derivatives using MALDI-MS and HPLC-ESI-MS (Part-B).  

Part-A 

Part-A describes the studies undertaken on the pet. ether, dichloromethane and 

ethanolic extracts of stems and leaves of Lawsonia alba (Henna). In the ‘Introduction’ of the 

thesis earlier contributions made in the chemistry and pharmacology of this plant, are 

described along with a concise account of the present work. A succinct review of 

biosynthesis of flavonoids is also included.  

In the present work, the aerial parts of Lawsonia alba (Henna) were separated 

manually into stems and leaves, and each extracted with pet. ether, dichloromethane and 

ethanol at room temperature. Solvent was removed of each extract, fractionated through 

solvent separation, followed by various chromatographic techniques such as vacuum liquid 

chromatography, column chromatography, thin and thick layer chromatography and HPLC. 

Twenty four constituents were finally obtained and identified through spectral studies, 

including seventeen constituents from the stems (1-17) and seven from the leaves (18-24), as 

listed below.  

The structures of the new constituents were determined through state of the art 

modern and sophisticated spectroscopic techniques including IR, UV, MS, 1H-NMR and 13C-

NMR (BB and DEPT), 2D-NMR experiments (HMBC, HMQC, NOESY, COSY-45o, and J-

Resolved). The known compounds were identified by comparing their spectral and physical 

data with reported compounds. 
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New Constituents from L. alba Stems 

Dioxin 

Lawsodioxinone (1) 

12-[2'-(1',4'-Dioxin-5',6-dione)-8''E-undecenyl-dodecanoate. 

Lawsodioxinene (5) 

5-[1'-(Docosa-2'E, 5'E-dienyl)] -1,4-dioxin- 2,3-dione. 

Fructose 

Lawsofructose (13) 

3-O-n-Butyl--D-fructose  

Hitherto Unreported Constituents from L. alba Stems (HENNA) 

Cinnamic acid esters 

3-(4-Hydroxy-3-methoxyphenyl)-triacontyl-(Z)-propenoate (2) 

Methyl(E)-p-methoxycinnamate(4) 

3-(4-Hydroxyphenyl)-triacontyl-(Z)-propenoate (6) 

Ellagi acid 

2,3,7-Tri-O-methyl ellagic acid (8)   

Coumarins 

7-Hydroxy-methyl coumarin (11) 

 4-Hydroxy coumarin (16)      

Sugars derivatives 

2-O-Ethyl--D-glucopyranoside (14)      

2-(-D-Glucopyranosyloxy) benzaldehyde (17)         
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Known constituents isolated from Lawsonia alba (Henna) stems during present work 

Steroids 

-Sitosterol (3) 

Stigmasterol (7) 

Glucoside of -Sitosterol (10) 

Triterpenoids 

Betulin (9) 

Polyols 

D-Mannitol (12) 

Naphthoquinone 

2-(-D-Glucopyranosyloxy)-1,4-naphthoquinone (15) 

 

New Constituents from L. alba Leaves 

Lawsochrysin (18) 

5-Hydroxy-6-pently-7-(pentyloxy)-flavone. 

Lawsochrysinin (19)  

5-Hydroxy-7-(4"pentenyloxy)-flavone. 

Lawsonaringenin (21) 

4',5-Dihydroxy-7-(4"pentenyloxy)-flavanone.     

Hitherto Unreported Constituents from L. alba Leaves (HENNA)  

3',4'-Dimethoxy-flavone (20)        

7-Hydroxy-flavone (22)        

3, 3', 4', 7-Tetrahydroxy-flavanon (23)        

  Rhoifolin (24)        
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Various biological activities of the extracts and the pure compounds isolated in the 

present work were determined which included the anti-bacterial activity against Gram-

positive and Gram-negative bacteria, anti – oxidant and urease inhibitory activites. The 

results are listed in tables ( 5.1 – 5.5 ). 

Part-B 

This part describes the analysis of salicylic acid (SA) and its derivatives from 

Primulae radix extract. Qualitative analysis was performed using matrix assisted laser 

desorption ionization mass spectrometry (MALDI-MS) in which a new technique was used 

for analysis of small molecules viz-a-viz matrix free material enhanced laser desorption 

ionization mass spectrometry (mf-MELDI). Quantitative analysis of salicylic acid (SA) and 

its derivatives 3,4-dihyroxybenzoic acid (3,4-DHBA), gallic acid (GA) and gallic acid methyl 

ester (GAME) was performed using HPLC-PDA and LC-ESI-MS. 
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Chapter 2 

2.0 General Introduction 

The origin of the healing arts go far back into antiquity, and available historical 

records seem to show that the first known physicians, as distinct from the so called witch 

doctors, were Schen Nung [1-2] in China and Sekhet Enanach in Egypt [3], who lived around 

3,000 B.C. It is most significant to note in this context that Schen Nung the Emperor of 

China, around 5,000 years ago, was greatly interested in the medical craft and discovered a 

large number of drugs and poisons by experimenting on his own person. His compilation 

known as Pen Tsao, the Great Herbal, contained the description of over a thousand drugs, 

many of which like opium, rhubarb, aconite and croton are still in use in the indigenous 

system of Chinese medicine and occupy an important place in modern pharmacopoeias. Yet 

another Chinese Emperor Hwang Ti, who lived around 2,600 B. C., is believed to be the 

author of Nei Ching, which is considered as the basic reference work of Chinese medical 

literature. Analytical studies later on led to the discovery of many important drugs of modern 

medicine, like ephedrine from the Chinese herb Ma Haung. Ipecac, as an emetic [4], quinine, 

from the tropics, to cure from malaria [5], digitalis from foxglove (Digitalis purpurea) as 

heart saving medicine, ajmaline, from Rauwolfia serpentine an antiarrythmic agent [6], 

vinblastine, from Catharanthus roseus for the treatment of leukemia [7], taxol, from the plant 

Taxus brevifolia as an anticancer medicine [8].  

In the subcontinent, indigenous system of medicine known as Ayurveda, go back to 

700 B.C., and its systematization is attributed to Charaka , and Sushruta [9]. It is not unlikely 

that the ancient civilization of the Indus Valley, Moen Jo Daro which dates back to about the 

same period as the riverine civilizations of sumer Egypt and China, had also made sizeable 

contributions in the medical field. Then, during the Hellenic period, great many advances 

were made in medicine, which are exemplified by the great names of Hippocrates[10-11], 

Theophrastus [12] and Galen [13].  

Another great reservoir of medical knowledge was provided in the Muslim period of 

science and medicine. In this context it may be noted that the Canon of Avicenna [14] (Bu 

Ali Sina) served as a textbook of medicine in Europe tillthe 17th century A.D., and continues 

as such in the Greco-Arab system of medicine known as Tibb-e-Unani, which still claims to 

provide medical relief to well over 70% of the population in the Indo-Pak subcontinent.  
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Against this historical background of the progress of medicine, it may now be stated 

that in the wake of the national resurgence which was gathering force in the subcontinent 

since the turn of the century, there was an increasingly fervent awareness of its contributions 

to human progress in the various fields of scientific and cultural achievements. This greatly 

furthered the revival of the indigenous healing traditions of the Ayurvedic and Unani system 

of medicine. Special reference may be made in this connection to the extensive investigations 

carried out at the School of Tropical Medicine at Calcutta on a whole series of medicinal 

plants in the nineteen twenties. Later, under the direction of the great physician and 

statesman, Masihulmulk Hakim Ajmal Khan, a research institute was established at the Tibbi 

College Delhi (1920) for multidisciplinary researches in herbal drugs used in traditional 

medicine and Hakim Saeed established Hamdard University,  Karachi (1990).  

It is also on this account that the foundation of H.E.J. Research Institute of Chemistry, 

was laid in Karachi University by the late veteran Scientist Prof. Dr. Salimuzzaman Siddiqui 

which has now attained status of world class research institute.  

The work embodied in the present dissertation carried out here on Lawsonia alba 

(henna). The plant has been used for medicinal purposes for centuries. It has cooling effects 

applied to burn and scars and is frequently used to treat heat exhaustion, to bring down the 

fever. Henna also provides a complete sun block when applied to the skin to treat a variety of 

rashes including ringworm and athlete’s foot. In Pakistan henna farming is quite popular in 

the Province Punjab and Sindh, due to its versatile uses specially for dyeing hair and skin 

[15].  
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Figure 2.0 Lawsonia alba (Henna) farming in pakistan, picture taken from M.N. Kardar 

Thesis. 
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Chapter 3 

3.0 Introduction 

Biosynthesis is the term used for the synthesis of complex natural moities from 

fragments with relatively simple components by a series of enzyme catalyzed reactions in 

living cell. The biosynthetic sequences and the detailed investigations are carried out by 

multidisciplinary scientists by using of biological amalgamation, isotopically labeled 

precursor and general pathway. 

Chlorophyll possessing plants, photosynthetic bacteria and algae begin biosynthesis 

by photosynthesis [1]. Enzyme-catalyzed reactions provide the characteristic sequence of the 

carbon skeletons of several natural products. On the basis of biosynthetic classification, in 

terms of interrelated metabolic sequence, primary and secondary metabolites are two main 

classes of natural products [2].  

Proteins, polysaccharides, nucleic acids are the essential building unit of all living 

substance and hence termed as primary metabolites. In the primary metabolic process, 

organisms synthesize and demolish the substances in order to survive. Certain species 

synthesize products according to their types but these products are not necessary for their 

survival i.e. alkaloids, terpenes and pigments. Hence these compounds are called secondary 

metabolites. Secondary metabolites play important role in the continued existence of the 

genus [3]. 

Following are some fundamental key steps involved in primary and secondary 

metabolites biosynthesis. 

3.0.1 Primary Metabolites 

 These metabolites are directly involved in normal growth, development and 

reproduction. In plants, photosynthesis converts carbondioxide into carbohydrates which are 

converted into adenosin triphosphate (ATP) via citric acid (Krebs cycle). ATP is implicated 

in the biosynthesis of amino acids which are the building blocks of proteins. Genetic 

information for the building plan of proteins is stored in nucleic acids (DNA and RNA). 

3.0.2 Secondary Metabolites 

  In nature secondary metabolites are synthesized from primary metabolites. They 

possess important ecological function and are not directly involved in normal growth, 

development and reproduction. These have limited distribution and are found mostly in plants 
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and microorganism e.g. alkaloids, antibiotics, flavonoids, oligosaccharides, phenols, steroids, 

terpenes, etc. 

 

 Several secondary metabolites are pharmacologically active natural products and their 

building blocks are derived from primary metabolites as shown in Scheme 3.1 [4].  
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Scheme 3.1. Secondary metabolites building block derived from primary metabolites. 

 

3.1     Biosynthesis of Flavonoids 

Flavonoids comprise a prevalent collection of natural compounds, and have 

prominent place among the naturally occurring phenols. The term “flavonoid” is orginated 

from Greek “flavus” which means yellow [5]. These are also called anthoxanthins because 

they are colouring co-pigments of the plants [6]. The different colours and shades in flowers 
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and leaves is mostly due to the occurrence of different types of flavonoids. Flavonoids can be 

divided into several classes according to their structural variations. Their parent nucleus 

consists of fifteen carbon atoms in which two phenyl moieties are connected by three carbon 

chain from diphenylpropane which are commonly known as chalconoids.  These chalconoids 

combine with oxygen to form five membered heterocyclic ring (auronoids) or six membered 

heterocylic ring derived from 1,3-diphenylpropane system (flavonoids). Those  extracted 

from 1,2-diphenylpropane moity, are identified as isoflavonoids (3-phenylcoumarins) while 

those obtained from 1,1-diphenylpropane are designated as neoflavonoids. Flavonoids 

contained an additional carbon in their framework are termed as homoflavonoids. Several 

flavonoids which possess hydroxyl group are linked to a sugar(s) as an hemiacetal bond and 

form O-glucoside flavonoids. In some flavonoids sugar is directly attached with carbon atom 

to form C-glycoside flavonoids which are acid resistant [5-6].  

The key C-15 intermediate for the biosynthesis of all flavonoids has been investigated 

in number of ways. Malonyl-CoA and 4-coumaroyl-CoA (p-hydroxycinnamic acid CoA 

ester) are the main starting material used for the formation of chalcone. Malonyl-CoA is 

synthesized from the glycolysis intermediate acetyl-CoA and carbon dioxide and the reaction 

catalyzed by acetyl-CoA carboxylase. The shikimate pathway is involved for the formation of 

4-coumaroyl-CoA, which is also the main pathway to produce tyrosine, phenylalanine and 

aromatic amino acids in plants. Shikimic acid (Scheme 3.2) biosynthesis starts with 

condensating of D-erythrose-4-phosphate and phosphoenolpyruvic acid. After a series of 

reactions shikimic acid is converted into p-hydroxycinnamic acid (Scheme 3.3). Malonyl-

CoA and 4-coumaroyl-CoA then couple to form chalcone followed by cyclization catalyzed 

by chalcone synthase (Scheme 3.4) [7].  
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Scheme 3.4. Coupling of malonyl-CoA and 4-coumaroyl-CoA to form chalcone. 

 

 A good in vitro and in vivo exists between flavanones and the subsequent chalcones. 

Chalcones isomerise to form flavanones by an enzyme called chalcone isomerase. Apparently 

this enzymatic reaction is stereospecific having (S) configuration at C-2 in flavanone and its 

derivatives. Thus, flavanones originate in nature are levorotatory have the C-2 (S) 

configuration which is not accidental. Due to the presence of minimum two free hydroxyl 

groups at C-2 and C-6 in chalcones, equilibrium shifts completely in an aqueous solution to 

form flavanone (Scheme 3.5). This equilibrium towards flavanone is also stabilized by the 

carbonyl and ortho-phenolic hydroxyl group having strong hydrogen bonding. 
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 Flavanones are converted to flavones and their derivatives through enzymatic 

reactions (Scheme 3.6)[4]. 

 

 

Scheme 3.6. Flavonoid derivatives formation from flavanone through enzymatic reactions. 
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Lawsonia alba Lam. (Henna) 

Chapter 4 

4.0 Introduction 

 Lawsonia alba a native of south west Asia and north Africa, monotypic genus belongs 

to the family of Lythreacea represented by Lawsonia alba Lam (syn. Lawsonia inermis 

Linn.). It is a well known ornamental dye plant and has several names in different languages 

e.g. henna in Arabic, henna tree or alhenna in English, mehndi in Urdu and Hindi, mehedi in 

Bengali, tien kao or tien deng in Thai, medi in Gujrati, mohuz in Kashmiri etc.  It is a 

glabrous small tree or much branched plant with grayish brown bark. Its leaves are elliptic or 

broadly lanceolate, acute or often mucronulate with small white or rose-coloured flowers 

having fragrant. It has the seeds approx pea size having numerous pyramidal and smooth 

shapes [1].    
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4.0.1  Cultivation 

It is cultivated in moderate to warm tropical regions as a hedge plant. In several 

countries it is cultivated on a large scale to obtain leaves for use as hands and hair dye for 

example in Pakistan, India, Egypt, Sudan, Persia, Madagascar and Australia. Lawsonia alba 

can be cultivated in any type of soil, from light loam to clay load, heavy soils or even the soil 

having little alkalinity. It can be propagated by stem cuttings or seeds by sowing in nursery 

beds during March-April. To cover one acre area for cultivation approximately 5 kg of seeds 

are required. In July-August it can be transplanted in the fields. The crops of leaves continue 

to flourish and yield for several years.  Some cultivation or plantation are reported to yield for 

more than 100 years [1].  

4.0.2  Harvesting 

Henna is harvested twice a year during April-May and October-November. Leaves 

can be separated by beating after drying under shade. Initially the yield of dry leaves is low 

up to three years after which it increases [1].  

4.0.3 Analysis of aerial parts  

4.0.3.1 Leaves 

Air dried leaves comprise following components percentage in average values: ash, 

14.85%, moisture, 8.97%, and tannin 10.21%. Henna leaves contain 24-33% water soluble 

substances, show a green fluorescence and the aqueous solution is orange in colour. The key 

colouring constituent which is present in leaves is lawsone (2-hydroxy-1,4-naphthoquinone 

(C10H6O3, m.p. 190º decomp.) in concentrations of 1.0-1.4% [2-3]. Many other constituents 

reported later on are listed in Table 4.1. 

4.0.3.2 Flowers 

Flowers of henna have a pleasant fragrance and yield essential oil on steam 

distillation (sp. Gr.15º, 0.9423; nD
20º, 1.520) resembles with brown or dark brown colour 

mignonette (Reseda odorata  Linn.) and a tea rose aroma. Since ancient time its oil has been 

used in perfumery on a commercial scale in Banaras and Lucknow. The main constituents in 

flowers are - and -ionones (ratio 1:4), resin and nitrogenous compounds [3-4].  

4.0.3.3 Seeds 

Following values have been reported on analysis of henna seeds: moisture, 10.6%, 

fatty oil, protein 5.0%, fiber, 33.55%, carbohydrates 33.62% and ash content 4.75%. 
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Petroleum ether extraction of seeds yielded viscous oil (sp. gr.30º, 0.955; 20º, 1.49) having 

acid value 18.2, acetate value 9.2, iodine value 59.98, saponification value 149.0 and 

unsaponification matter 10.5%. The oil contains fatty acids which included arachidic 9.6, 

behenic 1.69, palmitic 9.07, stearic 15.78, linoleic 29.31% and oleic 34.66%.  Waxes and 

colouring matters are reported in the unsaponifiable matters and the roots of henna [5-6]. 

4.1 Medicinal uses 

 This acrid and tart plant is claimed to have been used as an expectorant, a refrigerant, 

an anti-inflammatory, an antipyretic, a sedative and a depurative as well as having emetic, 

haematinic and diuretic properties.  

4.1.1 Leaves 

 The leaves of this plant have been used for the healthy growth,  prevent falling and 

graying hair. A paste of the henna leaves is used for colouring hand palms, nails, soles,  hair, 

beard and eyebrow. Its paste is also used to heal finger nail disease whitlows and loss of nail 

and protect the skin from skin disorder and damage. It is significantly useful  in treating skin 

inflammation, bruises, abscesses, scurvy affections, leprosy, wounds of circumcision and 

rheumatism. It is applied externally to relieve headache and to relieve the sensation of 

burning feet.  The tea from the leaves are claimed to prevent from obesity, gastralgia, 

jaundice and abdominal distension etc. In Ayurvedic medicine these are used to treat cough, 

bronchitis, fever, strangury, rheumatalgia, typhoid, inflammations,  ophthalmia,  haemoptysis  

and   haemorrhages. The fresh leaves extract ingested with water and sugar are used to treat 

amenorrhoea, gonorrhea, spermatorrhoea, dysmenorrhoea and venereal diseases. It has also 

been claimed that when mixed with Plumbago, the leaves extract persuade abortion[7-9].  

4.1.2 Flowers 

 The flowers are used in Ayurvedic medicine as a refrigerant, a cardiotonic, an 

antipyretic, and a soporific. These have also been used in cardiopathy, headaches, burning 

sensation, amentia and fever. The aroma of henna flowers can persuade sleep hence useful for 

treating insomnia [10]. 

4.1.3 Seeds 

Henna seeds are effective in the treatment of diarrhea, fever, abdominal disorders, 

dysentery, vaginal discharage, menorrgagia, leucorrhoea, amentia and insanity[9].  
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4.1.4 Bark 

 Henna bark is an astringent which is applied to burns and scalds. Its decoction is 

effective for treating splenomegaly, jaundice, leprosy, calculi and obstinate skin disorders[9].  

4.1.5 Roots 

 The bitter and acerbic root is a diuretic, refrigerant, a depurative, a trichogenous and 

an abortifacient. It may also be used to cure abscesses when applied on children’s head and to 

heal sore eyes. In Ayurvedic medicine the root is used to treat leprosy, skin disorders, 

dysmenorrhoea, amenorrhoea, burning sensation and premature graying of hair. The root is 

also believed to cure as nervous disorders and hysteria. When mixed with Indigo, it has been 

reported as powerful abortifacient [9, 11].  

4.1.6 Oil 

The oil of henna has been reported to be used for hair grooming and to lighten tanned 

skin. Its ointment has been used to heal tumours of the mouth [9].  

4.2 Biological activities 

Different types of biological activities are reported for Lawsonia alba. Some of major 

activities are given below: 

4.2.1 Antibacterial activity 

Antibacterial activities against Gram +ve and Gram -ve bacteria were screened for 20 

plant species to treat infectious diseases. Fourteen plant extracts showed variable antibacterial 

activity among which Lawsonia inermis ethyl acetate extract was originate to be the most 

potent beside all the bacteria present in the test system [12]. 

Naturally occurring quinonic constituents isolated from Lawsonia alba were studied 

in vitro for antimicrobial properties. All naphthoquinones inhibited bacteria Escherichia coli, 

Campylobacter jejuni, Klebsiella pneumoniae, Staphylococcus sp., Bacillus sp., 

Mycobacterium sp., Corynebacterium diphtheriae, fungi Aspergillus sp., Helminthosporium 

sp. and yeast Candida albicans [13]. 

The benzene soluble fraction of Lawsonia alba leaves was tested on Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus and Streptococcus pyogenes. In vitro 

inhibition of these bacteria was observed under the BSF treatment. The minimum inhibitory 
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concentration of BSF was in the range 400-800 g/ml [14].  

The principal colouring constituent in the leaves of Lawsonia alba, lawsone, was 

reported as weak bacterial mutagen against Salmonella typhimurium strain TA98 and was 

significantly mutagenic against strain TA 2637 [15]. 

4.2.2 Antifungal activity 

Lawsonia alba leaves were reported to exhibit strong non-phytotoxicity and fungi 

toxicity. On chemical analysis lawsone was found to be the antifungal causative agent. The 

reported effective dose was 1000 ppm against test organism Helminthosporium oryzae [16]. 

The leaves extract was screened against 27 species of angiosperm for their effect on spore 

germination of Ustilago nuda and Ustilago mavdes, which are responsible for considerable 

damage to barely and maize crops respectively. L. alba extract showed 99% inhibition 

against the spore germination of both the smut fungi [17]. 

Thirty plant species barks were screened against Trichophyton mentagrophytes and 

Microsporum gypseum, and only one Lawsonia inermis exhibited absolute toxicity [18]. 

A non drying viscous oil of ripe fruits of L. alba obtained on extraction with 

petroleum ether was found to be an active antifungal in dermatitis (Aspergillus terreus, A. 

flavus, Fusarium solani, Candida albicans) [19]. 

The antidermatophytic activity of L. alba was tested on 5 strains each of Tinea 

rubrum and T. mentagrophytes using hexane, ethyl acetate and ethanol extracts of henna 

herb. In vitro antidermatophytic properties were exhibited by all the afore mentioned extracts 

[20].  

4.2.3 Antiviral activity 

Retroviral reverse transcriptase inhibitory activity of hot water-methanol extracts of 

fifty seven Thai herbs was performed. This activity was examined using M-MuLV-RT 

treated with 3H-DTTP and radioactivity measured with a scintillation counter. The hot water 

extract of Lawsonia alba L. bark had a relative inhibitory ratio (IR) of 60% at a concentration 

of 125 g/ml [21]. 

4.2.4 Analgesic activity 

 In traditional Arab system of medicine ethanolic extracts of 25 plants were examined 

for the treatment of fever, pain and rheumatism, analgesic and antipyretic activity. L. alba 

leaves extract was found to induce significant analgesic and antipyretic activities [22]. L. alba 
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seed oil was also screened for pharmacological activity both in vitro and in vivo. It was 

observed that seed oil is devoid of behavioural and CNS effects and failed to produce 

significant effect on isolated tissue though it possesses significant analgesic activity [23]. 

4.2.5 Antiparasitic activity 

 Seventeen plants from Ivory Coast were evaluated in vitro in an antiparasitic drug 

screening of polar, non-polar and alkaloidal extracts against antimalarial, antihelminthiasis, 

antiscabies, leishmanicidal and trypanocidal. Among these Lawsonia alba showed significant 

trypanocidal activity [24]. 

4.2.6 Antitubercular activity 

The tuberculostatic activity of aerial parts of Lawsonia alba L. was tested in vitro and 

in vivo. The growth of Tubercle bacilli from sputum and of Mycobacterium tuberculosis 

H37Rv was inhibited on Lowenstein Jensen medium at the concentration of 6 g/mL. In vivo 

studies showed that, this herb caused a significant resolution of experimental tuberculosis at a 

dose of 5 mg/kg body weight guinea pigs and mice in following infection with M. 

tuberculosis H37Rv [25]. 

Lawsonicin was isolated from our group [26] from Lawsonia alba. Its acetyl 

derivative caused 100% inhibition of growth of Mycobacterium tuberculi at 6.25 µg/mL. 

4.2.7 Antiinflammatory activity 

 From L. alba stem bark and root, isoplumbagin and lawsaritol were isolated and 

tested for anti-inflammatory activity against carrageenin-induced paw oedema in rats. The 

oral dose of 100 mg/kg of phenylbutazone, isoplumbagin and lawsaritol showed 61%, 60% 

and 40% inhibition.  Significant anti-inflammatory activity was observed with isoplumbagin 

similar to that of phenylbutazone [27]. 

4.2.8 Antifertility activity 

 In 1974 S. L. Bodhankar et al. reported that  L. alba seeds powder failed to show any 

antifertility activity [28]. However later on in 1977 S. R. Munshi et al. communicated that 

leaves powder used as a suspension or incorporated into the diet, inhibited the fertility of rats 

[29]. 
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4.2.9  Antisickling activity 

 L. alba  aqueous leaves extract was evaluated for sickling effect. It was found to 

inhibit sickling and to increase the oxygen affinity of HbSS blood [30]. 

4.2.10  Nematicidal activity 

 L. alba showed a suppressive effect on the development of Meloidogyne incognita. 

When tomato and henna were grown together, it was found that henna reduced the rate of the 

nematode reproduction, tomato root gall member and number of the egg-laying females. A 

reduction in the nematode production was also observed when tomato plants were grown in 

soil containing exudated henna roots. It was also observed that, when henna was grown 

alone, the rate of nematode production and root gall index was reduced to 99% and75% 

respectively [31]. 

 4.2.11  Cytotoxic activity 

L. alba was studied by examining seventy Swiss albino female mice for their 

cytotoxic activity. These mice were divided into four groups according to their thickness of 

subcutaneous lipid tissue, diameter and pH levels of gluteal mass, the MDA levels and GSH 

levels of the liver tissue.  This study showed that, L. alba can be used as an alternative to treat 

cancer [32]. 

Isoplumbagin, isolated from L. alba  was also found to produce LC50-level responses against 

majority of the colon cancer cell lines and melanoma, colon, CNS, non-small cell lungs and 

renal cell lines and showed interesting profile of cytotoxicity [33]. 

4.2.12 Enzymes inhibitory activity 

L. alba leaves ethanol extract and lawsone exhibited trypsin inhibitory activity with 

an IC50 value of 64.87g/ml and 48.6g/ml respectively [34].         

4.2.13   Antioxidant activity 

Seven compounds isolated from the methanolic henna leaves extract namely  p-

coumaric acid, apiin  and  2-methoxy-3-methyl-1,4-naphthoquinone, lawsone, apigenin, 

cosmosiin and luteolin exhibited antioxidant activity comparable with ascorbic acid when 

tested in ABTS [2,2'-azino-bis (3-ethyl benzthiazoline-6-sulfonic acid], free RSA [35]. The 

n-butanolic fraction also exhibited a strong antioxidant activity in the DPPH assay. From this 

extract five phenolic glucosides 1,2,4-trihydroxynaphthalene-1-O--D-glucopyranoside, 
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2,4,6-trihydroxyacetophenone-2- O--D-glucopyranoside, lawsoniaside (1,2,4-

trihydroxynaphthalene-1,4-di-O--D-glucopyranoside), lalioside (2,3,4,6-

tetrahydroxyacetophenone-2-O--D-glucopyranoside) and luteolin-7-O--D-glucopyranoside 

were  isolated and examined for their antioxidant activity by -carotene and DPPH assays 

and compared with commercial standards.  The most active compound was 1,2,4-

trihydroxynaphthalene-1-O--D-glucopyranoside (EC50= 6.5 g/mL) and showed moderate 

inhibition in the -carotene bleaching assay [36].  

4.2.14   Antidiabetic activity 

 L. alba leaves 70% ethanol extract induced strong hypolipidaemic and hypoglycaemic 

activities when administered orally at 0.8g/kg in alloxan induced diabetic mice [37]. 95% 

Methanolic leaves extract showed significant invitro antihyperglycemic effect [38]. 

4.2.15   Wound healing activity 

 Aqueous and chloroform L. alba leaves extracts  were found to inhibit the growth of 

microbes which were concerned in causing burn wound infections [39-40]. The wound 

healing effect of the ethanol leaves extract was studied in rats at a dose of 200 mg/kg/day 

using incision, excision and models of dead space wound. The comparison of the extract with 

the control and reference standard animals showed a elevated rate of wound contraction, high 

skin contravention strength, a noteworthy increase in the granulation tissue weight, a decline 

in the period of epithelialization and hydroxyproline content [41]. 

4.2.16   Protein glycation inhibitory activity 

 The ethanolic extract of aerial parts of L. alba was evaluated in vitro for the protein 

glycation inhibitory activity using the model system of bovine serum and glucose. Ethanolic 

extract, gallic acid and lawsone exhibit 77.95%, 66.98% and 79.10% inhibition at 1500 

g/ml, 1000M and 1000M of concentration respectively. IC50 of ethanolic axtract, gallic 

acid and lawsone were found to be  82.06 ± 0.13 g/mL,  401.7 ± 6.23 M and 67.42 ± 1.46 

M respectively [42]. 

4.2.17   Immunomodulatory activity 

 The methanol leaves extract of L. alba showed immunostimulant action as indicated 

by promotion of T-lymphocyte proliferative responses at a conc: of 1 mg/ml. Seven 

constituents were isolated from the methanol extract of henna leaves which exhibited the 
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lymphocyte transformation assay (LTA) [35]. Napthoquinones  obtained from L. inermis 

leaves also showed significant immunomodulatory effect [43]. 

4.3 Chemical Constituents 

The chemical studies on the plant L. alba were first time undertaken in 1886 by M. A. 

Harraory, who reported the isolation of hennotannic acid, from the European specie, which 

was considered as the colouring agent of henna [44]. Later on, in 1920 Tommasi reported that 

the key colouring constituent of henna leaves is 2-hydroxy-1, 4-naphthoquinone (C10H6O3, 

m.p. 192-195o decomp.) [6]. 

O. A. Oesterle in 1923 isolated crystals of D-mannitol from 98% ethanolic extract 

which were stable at room temperature [6]. 

 

C. S. Anon in 1924 extracted crushed leaves of henna with warm or cold aqueous 

solution of an alkali earth salt (e.g. Ca and Mg salt from the Solvay ammonia-soda process) 

to give a colouring agent called lawsone. In 1928 another method was reported by Syed B. 

Ali who extracted lawsone with benzene from water extract. The extract was treated with Pb 

acetate and Pb was removed by H2S [6]. 

O
OH

O
Lawsone

(2-Hydroxy-1,4-naphthoquinone)
(Principle active constituents of Lawsonia alba)  

The structure of 2-hydroxy--naphthoquinone obtained by Lal and Dutt from Indian 

specie was confirmed by comparing its physical data with synthetically prepared 2-hydroxy-

-naphthoquinone and its derivatives [45]. 

Anita and Kaushal in 1950 worked on henna flowers and confirmed the presence of 

-ionone and -ionone in essential oil, both having same mol: formula C13H20O [46]. 
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S. R. Agarwal et al. in 1959 analysed L. alba seed oils (10-11%) and determined its 

composition as arachidic acid, behenic acid, linoleic acid, palmatic acid and stearic acid [5]. 

 

B. N. Sastri in 1962 reported gallic acid from the leaves and glucose from the whole 

plant of Lawsonia inermis [1]. 

 

D. K. Bhardwaj et al. in 1976 reported a new coumarin, lacoumarin (5-allyloxy-7-

acetoxycoumarin) from the ethanolic extract of the whole plant [47].  Later in 1977, the same 

research group isolated two new xanthones laxanthone I (1, 3-dihydroxy-6, 7-

dimethoxyxanthone) and laxanthone II (1-hydroxy-3, 6-diacetoxy-7- methoxyxanthone) [48]. 

D. K. Bhardwaj et al. in 1980 carried out synthetic studies for the confirmation of the 

structure of  laxanthone II [49]. 
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O

AcO O

H2
C

Lacoumarin
(5-Allyloxy-7-acetoxy coumarin)

OH3CO

H3CO
O

OH

OH
Laxanthone I

(1, 3-Dihydroxy-6, 7-dimethoxyxanthone)

C
H

CH2

O

OH

H3COCO

H3CO
O

OCOCH3

Laxanthone II
(1-Hydroxy-3, 6-diacetoxy-7- methoxyxanthone)

  

T. Chakrabortty et al. in the same year (1977) isolated a new aliphatic ester (n-

triaconyl n-tridecanoate) along with n-triacontanol, lupeol, 30-norlupan-3--ol-20-one, -

sitosterol, betulin and betulinic  from the bark of L. alba [50]. 

H3C (CH2) CH2 H2CO C
O

(CH2) CH3

n-Triacontyl-n-tridecanoate
28 19

H3C (CH2) CH2 OH

n-Triacontanol
28

Lupeol

HO

30-Norlupan-3 -ol-20-one

O

HO
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D. K. Bhardwaj et al. in 1978 further reported a new xanthone named laxanthone III 

(1-hydroxy-3, 7-dimethoxy-6-acetoxy xanthone) from the whole plant of L. alba [51]. 

 

M. Afzal et al. in 1980 isolated four flavone glycosides apigenin-7-O-glucoside, 

apigenin-4’-O-glucoside with 5, 7, 4’  substitution, luteolin-7-O-glucoside and luteolin-3’-O-

glucoside representing 5, 7, 3’, 4’ substitution from the leaves of  L. alba [52].   

O

OH

GluO

O

OH

Apigenin-7-O-glucoside

O

OH

HO

O

OGlu

Apigenin-4'-O-glucoside

O

OH

GluO

O

OH

OH

Luteolin-7-O-glucoside

O

OH

HO

O

OH

OGlu

Luteolin-3'-O-glucoside  
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F. M. Zeinab et al. in the same year isolated seven crystalline compounds acacetine 

(Syn: Linarigenin; Linarisenin; 4'-Methoxyapigenin), acacetin-7-O-glucoside, glucoside of -

sitosterol, luteolin, luteolin-7-O-glucoside, laxanthone I, laxanthone II and lawsone from the 

leaves of L. alba [53].  

O

O

GluO

OH

OCH3

Acacetine-7-O-glucoside

GluO
Glucoside of -sitosterol

O

OH

HO

O

OH

OH

Luteolin

O

O

HO

OH

OCH3

Acacetine

 

T. Chakrabarrry et al. in 1982 communicated two pentacyclic triterpenes from the 

bark of L. alba and elucidated their structures as (20S)-3, 30-dihydroxylupane and 3, 30-

dihydroxylup-20(29)-en (hennadiol) [54]. 

 

In the same year N. Nuraliev Yu and M. Kurabanov isolated three coumarins from the 

leaves of L. alba, namely esculetin, fraxetin and scopoletin [55]. 

 

 



 

36 | P a g e  
 

In 1984 M. Afzal et al. proposed that lawsone may be an artifact which occurs in 

nature in reduced form, and during extraction under alkaline conditions is auto-oxidized to 

lawsone. In order to confirm they extracted the leaves with organic solvents both in the 

absence and presence of alkali. No lawsone could be isolated when the extraction was done in 

the absence of alkali while in alkaline condition the leaves extract yield lawsone. They also 

isolated 1,2-dihydroxy-4-glucosyloxynaphthalene, -sitosterol and stigmasterol from the 

methanolic leaves extract [56]. 

HO
Stigmasterol

OH
OH

OGlu
1,2-Dihydroxy-4-glucosyloxynaphthalene  

Shikhiev et al. in 1987 isolated D-mannitol in 0.7% yield from the stem of L. alba and 

proposed that D-mannitol could be obtained from this plant on commercial scale. D-mannitol 

was also found in flowers and roots of henna [57]. 

Y. Takeda et al. in 1988 isolated two novel phenolic glucosides lalioside and 

lawsoniaside from the ethanolic leaves extract of L. alba using Sephadex LH-20 and Si gel 

along with previously reported luteolin 3'-O-glucoside, luteolin 7-O-glucoside, 1,2-

dihydroxy-4-glucosyloxy naphthalene [58]. 

OH
HO OGlu

OH O

(2,3,4,6-Tetrahydroxyacetophenone-2- -D-glucopyranoside)
Lalioside

OH
OGlu

OGlu

(1,2,4-Trihydroxy-naphthalene-1,4-di- -D-glucopyranoside)
Lawsoniaside
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S. Gupta et al. in 1992 isolated a new aliphatic hydrocarbon and characterized as 3-

methylnonacosan-1-ol from the bark of L. alba [59]. 

 

S. Gupta et al. in 1992 communicated a new sterol, lawsaritol and elucidated its 

structure as 24-ethylcholest-4en-3-ol from roots of L. alba [60]. 

(24 -Ethylcholest-4-en-3 -ol)

HO
Lawsaritol

 

S. Gupta et al. in 1993 isolated a naphthoquinone isoplumbagin from the stem bark of 

L. alba and determined its structure as 2-methyl-8-hydroxy-1,4-naphthoquinone [27]. 

 

The similar group in 1994 reported a new dihydroxysterol, lawsaritol A from the roots 

of L. alba and determined its structure on the basis of spectroscopic studies as 24-

ethylcholest-5-en-3, 8-diol [61]. 
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K. C. Wong et al. in 1995 examined the volatile components of yellow and red 

flowers of Lawsonia alba L. by capillary GC and GC/MS. The component isolated were 

determined as 2-phenylethanol, -ionone and its derivatives. Yellow flowers yielded higher 

percentage of volatile components as compared to red flowers [62].   

OH

2-Phenylethanol  

M. Khan et al. in 1996 obtained a new antiviral saponin, balanitisin A, from the fruits 

of L. alba on hydrolysis with dilute sulfuric acid it yielded diosgenin and sugars identified as  

3-O-{-D-glucopyranosyl-(1 3)-[-L-rhamnopyranosyl-(1 4)]- -D-glucopyranoside}) 

[63]. 

OH

O
H H

H
H

O

O

OH

CH2OH

O

O

OH

OH
HO

CH2OH

O

OHOH

OH

CH3

Balanitisin A

(Diosgenin 3-O-{ -D-glucopyranosyl-(1 3)-[ -L-rhamnopyranosyl-(1 4)]-
-D-glucopyranoside})  

G. Handa et al. in 1997 isolated a new anticomplementary triterpenoid, lawnermis 

acid from the seeds of L. alba along with its methyl ester [32]. 
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CH2OHH

HO
COOH

(3 ,28 -Dihydroxy-urs-12,20-dien-23-oic acid)
Lawnermis acid

CH2OHH

HO
COOMe

Methyl ester of lawnermis acid  

B. S. Siddiqui et al. in 2001 isolated two new pentacyclic triterpenoids, lawsonin and 

lawsonic acid from the aerial parts of L. alba and deduced their structures through 

spectroscopic studies as 3α-E-ferulyloxy-urs-11-en-13β-ol and 3α-E-ferulyloxy-lup-20(29)-

en-28-oic acid respectively [64]. 

OH

O
H

C
O

C
H

C
H

HO

H3CO
Lawsonin

3 -E-Ferulyloxy-urs-11-en-13 -ol

COOH

O
H

C
O

C
H

C
H

HO

H3CO
Lawsonic acid

3 -E-Ferulyloxy-lup-20(29)-en-28-oic acid  
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The same group in 2003 reported two new compounds, lawsonicin and lawsonadeem 

together with a hitherto unreported compound vomifoliol from the aerial parts of L. alba.  

Their structures were elucidated as 2,3-dihydro-5-hydroxy-3-(hydroxymethyl)-2-[4-(3-

hydroxypropyl-3-methoxyphenyl]-6-methoxy-1-benzofuran (lawsonicin), 1-methoxy-13H-

dibenzo[b,i]xanthenes-5,7,12,14-tetrone (lawsonadeem) and (4S)-4-hydroxy-4-[(1E,3R)-3-

hydroxybut-1-enyl]-3,5,5-trimethylcyclohex-2-1-one (vomifoliol) by spectroscopic 

techniques and chemical transformations [65]. The structure of lawsonicin was later on 

revised on the basis of its synthesis as dihydrodehydrodiconiferyl alcohol [66]. 

 

O

O

O

O

O

H
H

H
H

OCH3
H

H

(1-Methoxy-13H-dibenzo[b,i]xanthenes-5,7,12,14-tetrone)
Lawsonadeem

O

OHH

HO

Vomifoliol

(4S)-4-Hydroxy-4-[(1E,3R)-3-hydroxybut-1-enyl]-3,5,5-trimethylcyclohex-2-1-one

O

H2
C

H2
C

H2
CHO

Revised structure of lawsonicin

OH

OCH3

OH

OCH3

Dihydrodehydrodiconiferyl alchol  
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Michaeil B. R. et al. in 2004 isolated three new source constituents from the 

methanolic leaves extract of L. alba namely apiin, p-coumaric acid and -methoxy-3-methyl-1, 

4-napthoquinone, together with formerly reported constituents apigenin, cosmosiin (apigenin-

7-glycoside), lawsone and luteolin [35]. 

COOH

HO
p-Coumaric acid

O

O

OCH3

2-Methoxy-3-methyl-1,4-napthoquinone

CH3

O

OH O

OH

Apiin

O
HO

HO
O

O

OH

OHO

HO OH

O

OH

HO

O

OH

Apigenin  

B. S. Siddiqui et al. in 2005 further isolated two new triterpenoids lawsowaseem and 

lawsoshamim from the aerial parts of L. alba and elucidated their structure as 3β -hydroxy-

24-p-E-coumaroyloxy-olean-12-en-28-oic acid and 2-acetoxy-3β -hydroxy-olean-12-en-28-

oic acid on the basis of spectroscopic studies [67]. 

COOH

H2C

H

HO
O C

O
C
H

CH OH

Lawsowaseem
(3 -Hydroxy-24-p-E-coumaroyloxy-olean-12-en-28-oic acid

COOH

CH3

H3COCO

HO

Lawsoshamim
2-Acetoxy-3 -hydroxy-olean-12-en-28-oic acid  
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A.O. Yedeji et al. in 2005 analyzed the leaves of L. alba L. (henna) by GC and 

GC/MS and recognized thirty six constituents including ethyl hexadecanoate, 

isocaryophyllene, (E)-β-ionone, methyl linolenate and methyl-(E)-cinnamate [68]. 

 

A. B. Hsouna  et al. recently isolated five phenolic glycosides from the n-butanol 

fraction of the leaves of L. alba including one new constituent characterized as 1,2,4-

trihydroxynaphthalene-1-Ο-β-D-glucopyranoside, a new source compound 2,4,6-

trihydroxyacetophenone-2-Ο-β-D-glucopyranoside and three known compounds, luteolin-7-

Ο-β-D-glucopyranoside, lalioside (2,3,4,6-tetrahydroxyacetophenone-2-Ο-β-D-

glucopyranoside) and lawsoniaside (1,2,4-trihydroxynaphthalene-1,4-di-Ο-β-D-

glucopyranoside) [36]. 
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The constituents isolated and reported from  various parts of Lawsonia alba are listed 

in Table 4.1 in order of their publication. 

Table 4.1. Constituents of Lawsonia alba Lam. ( syn. L. inermis Linn.)  

S.No. Name of the Compounds Plant 

Material 

Molecular 

Formula 

MP °C Ref. 

1. Lawsone Leaves C10H6O3 195-196 6, 35, 

44, 45, 

53 

2. D-Mannitol Whole plant C6H14O6 166 6, 57 

3. -Ionone Flowers C13H20O 137-140 46 

4. -Ionone Flowers C13H20O 127-128 46, 62, 

68 

5. Arachidic acid Seeds C20H40O2 75.4 5 

6.  Behenic acid Seeds C22H44O2 75-80 5 

7. Linoleic acid Seeds C18H32O2 -5 5 

8. Palmatic acid Seeds C16H32O2 63.1 5 

9. Stearic acid Seeds C18H36O2 69.6 5 

10. Gallic acid monohydrate Leaves C7H6O5. H2O 225 1 

11. Glucose Whole plant C6H12O6 147 1 

12. Lacoumarin Whole Plant C12H10O4 162-164 47 

13. Laxanthone I  Whole plant C16H12O6 286-287 48, 53 
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14. Laxanthone II Whole plant C18H14O8 180-181 48, 49, 

53 

15. n-Triacontyl-n-

tridecanoate 

Whole plant C43H86O2 89-90 50 

16. n-Triacontanol Whole plant C30H62O 83-4 50 

17. Lupeol Bark C30H50O 205-206 50 

18. 30-Norlupan-3-ol-20-one Whole plant C29H48O2 233-234 50 

19. -Sitosterol Leaves, 

bark 

C29H50O 136-137 50, 56 

20. Betulin Bark C30H50O2 258-260 50 

21. Betulinic acid Bark C30H48O3 300-305 50 

22. Laxanthone III Whole plant C17H14O7 210-211 51 

23. Apigenin-7-glycoside Leaves C21H20O11 227-230 52, 35 

24. Apigenin-4'-glycoside Leaves C21H20O11 347 52 

25. Luteolin-7-O-glucoside Leaves C21H20O11 252-254 36, 52, 

53, 58 

26. Luteolin-3'-O-glucoside Leaves C21H20O11 243-245 52, 58 

27. Acacetin Leaves C16H12O5 260 53 

28. Acacetin-7-O-glucoside Leaves C22H16O10 257 53 

29. 3-O--D-Glucoside of -

sitosterol 

Leaves C35H60O6 285 53 
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30. Luteolin Leaves C15H10O6 237 53, 35 

31. (20S)-3,30-Dihydroxy 

lup-20 (29)-ene   

Bark C30H52O2 266 54 

32. 3,30-Dihydroxy lupine-

20 (29)-ene (hennadiol) 

Bark C30H50O2 230-232 54 

33. Esculetin Leaves C9H6O4 268-272 55 

34. Fraxetin Leaves C10H8O5 227-228 55 

35. Scopoletin Leaves C10H8O4 204-205 55 

36. 1,2-Dihydroxy-4-

glucosyloxy naphthalene 

Leaves C16H18O8 - 56, 58 

37. Stigmasterol Leaves C29H48O 170-172 56 

38. Lalioside Leaves C15H19O10 - 58, 36 

39. Lawsoniaside Leaves C22H28O13. ½ 

H2O 

263-264 58, 36 

40. 3-Methylnonacosane-1-ol Bark C30H62O 73-74 59 

41. Lawsaritol Roots C29H50O 124-125 60 

42. Isoplumbagin Stem C11H8O3 67-68 27 

43. Lawsaritol A Root C29H50O2 106-107 61 

44. 2-Phenylethanol Flowers C8H10O -25.8 62 

45. Balanitisin A Fruits C45H72O17 274-278 63 
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46.  Lawnermis acid Seed C30H46O4 - 32 

47. Methyl ester of lawnermis 

acid 

Seed C31H48O4 - 32 

48. Lawsonin Aerial part C40H56O4 - 64 

49. Lawsonic acid Aerial part C40H56O6 - 64 

50. Lawsonicin Aerial part C20H24O6 - 65, 66 

51. Lawsonadeem Aerial part C22H12O6 - 65 

52. Vomifoliol Aerial part C13H20O3 - 65 

53. Apiin Leaves C26H28O14 - 35 

54. p-Coumaric acid Leaves C9H8O3 486-490 35 

55. 2-Methoxy-3-methyl-1, 4-

napthoquinone 

Leaves C12H10O3 - 35 

56. Apigenin Leaves C15H10O5 347.5 35 

57. Lawsowaseem Aerial part C30H46O3 - 67 

58. Lawsoshamim Aerial part C32H49O5 - 67 

59. Ethyl hexadecanoate Leaves C18H36O2 22 68 

60. Isocaryophyllene Leaves C15H24 - 68 

61. Methyl linolenate Leaves C19H32O2 - 68 

62. (E)-Methyl cinnamate Leaves C10H10O2 36-38 68 

63. 1,2,4- Leaves C14H18O19 - 36 
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Trihydroxynaphthalene-1-

Ο-β-D-glucopyranoside 

64. 2,4,6-

Trihydroxyacetophenone-

2-Ο-β-D-glucopyranoside 

Leaves C16H18O8 - 36 
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Chapter 5 

5.0. Present Work 

In view of the biological and medicinal properties accredited to Lawsonia alba 

(Henna) compound investigations on its stems and leaves were determined in the present 

studies which resulted in the isolation and structure determination of six new and eighteen 

known compounds. 

The stems and leaves of Lawsonia alba were separately extracted with 

dichloromethane (x5) and ethanol (x5) respectively at r.t., and the biological activities of each 

extract were determined in different assays (see 5.2. Biological screening). Extracts of these 

parts were taken to solvent separation and different chromatographic techniques (vide 

experimental part; Scheme 6.1-6.7) which resulted in the isolation and structure elucidation of 

24 constituents. These include six new (three from stems and three from leaves), twelve 

hitherto unreported (eight from stems and four from leaves) and six known constituents from 

the stems. Compounds 1-17 were isolated from stems of Lawsonia alba including three new 

constituents lawsodioxinone (1) and lawsodioxinene (5) and a fructose derivative 

lawsofructose (13). From the leaves of Lawsonia alba compounds 18-24 were isolated 

including three new flavonoids lawsochrysin (18), lawsochrysinin (19) and lawsonaringenin 

(21). 

The structures of the new constituents have been characterized through state of the art 

modern and sophisticated spectroscopic techniques e.g., UV, IR, MS, 1H- and 13C-NMR (BB 

and DEPT), 2D-NMR experiments (HMBC, HMQC, NOESY, COSY-45o, and J-Resolved). 

The known constituents were recognized by comparing their spectral and physical data with 

reported compounds in literature. 

The compounds isolated and identified through extensive spectroscopic techniques in 

the present dissertation are listed as follows. 

 

 



 

54 | P a g e  
 

 

5.1. New Constituents from L. alba Stems 

 

1 Lawsodioxinone (1) 

12-[2'-(1',4'-Dioxin-5',6-dione)-

8''E-undecenyl-dodecanoate. 

Mol: formula = C27H46O6 

 

2 Lawsodioxinene (5) 

5-[1'-(Docosa-2'E, 5'E-dienyl)] -

1, 4-dioxin- 2, 3-dione. 

Mol: formula = C26H44O4 

 

 

3 Lawsofructose (13) 

3-O-n-Butyl--D-fructose     

Mol: formula = C10H20O6 
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5.1.0  New Constituents from L. alba Leaves 

 

4 Lawsochrysin (18) 

5-Hydroxy-6-pently-7-

(pentyloxy) flavone. 

Mol: formula = C25H30O4 

 

 

 

5 Lawsochrysinin (19)  

5-Hydroxy-7-

(4"pentenyloxy) flavone. 

Mol: formula = C20H18O4 

 

 

 

6 Lawsonaringenin (21) 

4',5-Dihydroxy-7-

(4"pentenyloxy) flavanone.  

Mol: formula = C20H20O5 
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5.1.1 Hitherto Unreported Constituents from L. alba Stems  

1 3-(4-Hydroxy-3-methoxyphenyl)-

triacontyl-(Z)-propenoate (2) 

Mol: formula = C40H70O4 

 

 

2 Methyl(E)-p-methoxycinnamate(4)                                                                

Mol: formula = C11H12O3 

 

 

3 3-(4-Hydroxyphenyl)-triacontyl-(Z)-

propenoate (6) 

 Mol: formula = C39H68O3 

 

 

 

 

4 2,3,7-Tri-O-methyl ellagic acid (8) 

 Mol: formula = C17H12O8 
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5 7-Hydroxy-methyl coumarin (11) 

 Mol: formula = C10H8O3 

 

 

 

6 2-O-Ethyl--D-glucopyranoside (14)      

 Mol: formula = C8H16O6 

 

 

 

7 4-Hydroxy coumarin (16)        

 Mol: formula = C9H6O3 

 

 

 

8 2-(-D-Glucopyranosyloxy) 

benzaldehyde (17)            

 Mol: formula = C13H16O7 
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5.1.2 Hitherto Unreported Constituents from L. alba Leaves  

9 3',4'-Dimethoxy-flavone (20)        

 Mol: formula = C17H14O4 

 

 

 

 

10 7-Hydroxy-flavone (22)        

 Mol: formula = C15H10O3 

 

 

 

 

11 3, 3', 4', 7-Tetrahydroxy-flavanon (23)        

  Mol: formula = C15H12O6 

 

 

 

 

12 Rhoifolin (24)        

  Mol: formula = C27H30O14 
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5.1.3 Known Constituents Isolated from L. alba Stems  

 

Steroids 

-Sitosterol (3) 

Stigmasterol (7) 

Glucoside of -Sitosterol (10) 

Triterpenoids 

Betulin (9) 

Polyols 

D-Mannitol (12) 

Naphthoquinone 

2-(-D-Glucopyranosyloxy)-1,4-naphthoquinone (15) 
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5.2.  Biological Screenings 

Pet. ether, dichloromethane and ethanol extracts of stems and leaves of Lawsonia alba 

beside with some pure constituents were screened in several biological assays as described 

below. 

 

5.2.1 Antimicrobial activity  

           Pet. ether, dichloromethane and ethanol extracts of stems and leaves showed inhibition 

of fifteen Gram +ve bacteria ranging from 08 to 35 mm  (Table 5.1), thirteen Gram -ve 

bacteria ranging  from 09-25 mm (Table  5.2) and four fungi with inhibition zone ranging 

from 08-35 mm (Table 5.3).  
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Table 5.1. Antimicrobial activity of different extracts against Gram +ve bacteria  

 

Gram +ve Bacteria 

Inhibition zones (mm) 

LAS-

PE 

LAS-

DCM 

LAS- 

ETOH 

LAL-

PE 

LAL-

DCM 

LAL-

ETOH

Bacillus  cereus - 35 10 30 20 18 

Bacillus subtilus + 25 12 30 25 12 

Bacillus thurengensus1 + 16 09 30 30 12 

Bacillus thurengensus2 - 18 + 25 20 10 

Bacillus thurengensus3 09 25 + 30 25 10 

Bacillus thurengensus4 + 28 + 32 28 10 

Micrococcus luteus + + - 14 + + 

Micrococcus lysodektiuc - 12 - 12 10 - 

Staphylococcus aureus + 16 - 18 12 + 

Staphylococcus epidermidis 09 12 + 20 15 10 

Corynebacterium  xerosis 08 10 08 12 10 08 

Corynebacterium  diphtheriae - 14 - 18 18 14 

Corynebacterium  hoffmanii + 26 10 18 30 10 

MRSA 12 12 10 25 15 12 

Streptococcus faecalis - 10 - 12 12 - 

+  = Good activity but not considered for MIC,   -  = Inactive,  

10≥  = Very good activity considered for MIC 
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Table 5.2. Antimicrobial activiy of different extracts against Gram -ve bacteria.  

 

Gram- ve Bacteria 

Inhibition zones (mm) 

LAS- 

PE 

LAS-

DCM 

LAS-

EtOH 

LAL- 

PE 

LAL-

DCM 

LAL-

EtOH 

Streptococcus pneumania - 12 - 12 10 + 

Salmonella typhi 09 - - 25 - + 

Salmonella typhi para A - - - 18 12 - 

Salmonella typhi para B + - - 10 - 18 

Escherichia coli WT - 10 - 12 12 - 

Escherichia coli 5014 - - - 10 - - 

Escherichia coli 40MT - 10 - 20 10 - 

Shigella  dysenteriae - + - 10 09 + 

Shigella  flexneri - - - 20 + - 

Proteus mirabilus - - - 18 - - 

Proteus vulgaris - - - 10 - - 

Pseudomonas aeruginosa - - - - - - 

Klebsiella pneumonia - - - - - - 

 

+  = Good activity but not considered for MIC 

-  = Inactive 

10≥  = Very good activity considered for MIC 
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Table 5.3.  Antimicrobial activity of the extracts against Fungi. 

 

Fungi Inhibition zones (mm) 

LAS-

PE 

LAS-

DCM 

LAS-

EtOH 

LAL-

PE 

LAL-

DCM 

LAL-

EtOH 

Microsporum canis 18 20 - 35 30 12 

Microsporum gypsium + 10 10 15 18 + 

Candida albicans - 09 - 09 10 09 

Saccharomyces cerevisiae - 08 - 09 09 - 

 

+  = Good activity but not considered for MIC 

-  = Inactive 

10≥  = Very good activity considered for MIC 
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5.2.2 Antioxidant Activity 

  

In view of reported anti-oxidant activity of the plant various pure flavonoids isolated 

during present work and submitted for the determining their antioxidant assay (DPPH radical 

scavenging assay). The result obtained till now show that 3, 3', 4', 7-tetrahydroxy flavanon 23 

show excellent inhibition having IC50 value 33.83 ± 1.1 very close to propyl gallate, standard 

used and having IC50 value 30.46 ± 0.27 (Table 5.4). The activity is due to hydroxyl groups at 

3, 7, 3´ and 4´ position of this compound. 

 

Table 5.4.  DPPH radical scavenging activities of compounds 18-24. 

 

Compounds Concentration (M) %RSA IC50 ± S.E.Ma (M) 

18 500 2.44  

19 500 17.73  

20 500 0.31  

21 500 6.85  

22 500 9.36  

23 500 90.0 33.83 ± 1.1 

24 500 1.23  

Standard  

(propyl gallate) 

500 90.31 30.46 ± 0.27 

                   aS.E.M=Standard Eror Mean 
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5.2.3 Urease Inhibition Assay 

In urease enzyme inhibitory activity compounds 11, 14, 21 and 23  showed very good 

inhibition having IC50 value 476.23 ± 1.56, 478.56 ± 1.66, 139.1 ± 0.77 and 184.53 ± 0.61 

respectively (Table 5.5). The activity of these constituents is mainly due to the presence of 

hydroxyl groups. The results of other pure constituent are listed in Table 5.5. 

Table 5.5.  Urease inhibitory activities of compounds 2, 4, 6, 11, 12, 14, 17-24. 

Compounds Concentration (M) %inhibition IC50 ± S.E.Ma (M) 

2 500 23.4  

4 500 12.9  

6 500 12.7  

11 500 52.9 476.23 ± 1.56 

12 500 -  

14 500 52.7 478.56 ± 1.66 

17 500 25.9  

18 500 -  

19 500 3.6  

20 500 1.3  

21 500 82.3 139.1 ± 0.77 

22 500 12.9  

23 500 83.4 184.53 ± 0.61 

24 500 2.2  

Standard 

(thiourea) 

500 98.2 21 ± 0.011 

                  aS.E.M=Standard Eror Mean 
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RESULTS & DISCUSSION 
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5.3 Results & Discussion 

5.3.1 Lawsodioxinone (1) 

Compound 1 was isolated as a white amorphous powder. Its mol: formula was 

assigned as C27H46O6 by HREI-MS which gave the exact mass as m/z 466.3380. Its IR 

absorption bands at 1744 and 1707 cm-1 indicated the presence of ester/lactone carbonyls and 

the band at 1632 cm-1 showed the presence of double bond.  The 1H, 13C NMR, and HMBC 

spectra (Table 6.6, vide experimental) of 1 showed that it has a dioxo-dioxin ring [1].  The 
1H-NMR spectrum  showed the characteristic signals of 2'- substituted 5',6' dioxo-1',4'-

dioxin at 5.25 ( 1H, m, H-2'), 4.27 ( 1H, dd, J = 11.8, 4.2 Hz, H-3'a) and  4.12 ( 1 H, dd, J 

= 11.8, 5.9 Hz, H-3'b). The 1H-NMR spectrum further showed a two-proton triplet at  2.28 

(J = 7.5 Hz, H-2) and a two-proton multiplet at1.98 (H-12). These protons were linked to 

carbons at  68.9 (C- 2'), 62.0 (C-3'), 34.0 (C-2) and 27.2 (C-12) respectively in the HMQC 

spectrum. In addition, the 1H-NMR showed signals corresponding to a methylene linked to 

ester oxygen at  4.03 (2H, t, J = 6.7 Hz, H-1'' )  [2] showing connectivity with a carbon at  

64.4 (CH2, DEPT) in the HMQC spectrum,  a trans di-substituted double bond protons at  

5.32 ( 1H, ddd, J = 14.8, 6.0, 4.2 Hz, H-8''/H-9'') and 5.34 (1H, ddd, J = 14.8, 8.4, 2.3 Hz, H-

8''/H-9'') and a terminal methyl at  0.87 ( 3H, t, J =  6.9 Hz, H-11'') . The carbons connected 

to these protons were present in the HMQC spectrum at  129.9 (C-8''/C-9''), 130.2 (C-8''/C-

9'') and 14.1 (C-11'') [3]. Three ester/lactone carbonyls were present at  172.8, 173.3 and 

174.0 attributable to C-1, C-6' and C-5' respectively on the basis of HMBC interactions 

(Figure 5.1). These structural features and the number of unsaturation in the molecule 

suggested that besides above described groups the molecule contains sixteen more methylene 

groups. This was also manifested by 13C-NMR (DEPT) which also showed several methylene 

carbons (Table 6.6, vide experimental). Further help in the placement of ester group and 

double bond was achieved from the mass spectral fragments at m/z 115 and 351 due to 

cleavage of the side chain from the dioxane ring, 313 and 153 due to cleavage of the alkyl 

group from the ester and fragments at 411 and 55 due to loss of butenyl group (Figure 5.1). 

This substitution pattern was  supported by the HMBC  between H-9'' with C-8'', H-10'' with 

C-9'', both H-1'' and H-2 with C-1, H-12 with C-2', C-3' and C-6', H-2' with C-3' and C-12 

and both H-3'a and H-3'b with C-2', C-5' and C-12 (Figure 5.1). On the basis of above data 
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the structure of compound 1 was elucidated as 12-[2'-(1',4'-dioxin-5',6'-dione)-8''E-

undecenyl-dodecanoate. 

 

 

Figure 5.1 a) Mass fragmentation pattern, b) HMBC correlations and c) Important 1H-1H 

COSY connectivity observed for compound 1. 
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5.3.2 Lawsodioxinene (5) 

 Compound 5 was obtained as a colourless amorphous powder. Its mol: formula was 

assigned as C26H44O4 by HREIMS which showed molecular ion peak at m/z 420.3330. The 

IR absorption bands at 1743, 1710, 1635 cm-1 were due to symmetrical and unsymmetrical 

stretching of adjacent carbonyls and double bonds respectively. Analysis of the NMR, DEPT, 

HMQC and HMBC (Table 6.7, vide experimental) showed that it also has a dioxo-dioxin ring 

and differs in the side chain from compound 1 in that it contains an alkyl side chain with two 

double bonds. The 1H-NMR spectrum showed three relatively downfield methylene signals at 

2.28 (2H, m, H-1'), 2.74 (2H, t, J = 6.4, H-4' Hz) and 2.01 (2H, m, H-7'). These protons 

were linked to carbons at 34.0 (C-1'), 25.6 (C-4') and 27.1 (C-7') respectively in the 

HMQC spectrum. The 1H-NMR spectrum further showed the presence of two trans 

substituted double bonds by protons at5.34dt, J = 14.9, 6.9, H-2'and H-6'), and  5.32 

(2H, dt, J =14.9, 6.9 Hz, H-3' /H-5') connected to the carbons at 128.0 (C-2'), 130.0 (C-3'), 

130.2 (C-5') and 129.9 (C-6') in the HMQC spectrum.  The exact assignment of these 

carbons and the attached protons were made through HMBC and HMQC spectra. The HMBC 

spectrum showed correlation between H-7' with C-5' and C-6', H-6' with C-7', H-5' with C-4', 

H-4' with C-5' and C-6', H-3' with C-4', H-1' with C-3, H-5 with C-2' and both H-6a and H-6b 

with C-2 (Figure 5.2). The positions of the double bonds were also confirmed by 1H-1H 

COSY correlation between  H-7' and H-6', H-4' and both H-3' and H-5', H-3' and H-1', H-1' 

and H-5 and H-5 with both H-6a and H-6b (Figure 5.2). These data led to characterized 

compound 5  as 5-[1'-(docosa-2'E, 5'E-dienyl)] -1, 4-dioxin- 2, 3-dione. 
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Figure 5.2 a) Mass fragmentation pattern, b) HMBC correlations and c) Important 1H-1H 

COSY correlations observed for compound 5. 
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5.3.3 Lawsofructose (13) 

Compound 13 was obtained as a colourless gummy solid. The mol: ion peak was 

observed in the ESIMS at m/z 259.1189 [M+Na]+ . The mol: formula C10H20O6 was deduced 

from combined application of EIMS, HREIMS, ESIMS and supported by the 1H, 13C and 2D 

NMR (Table 6.8, vide experimental) spectra.  The specific rotation of compound 13 was -

38.0. Analysis of the NMR, DEPT, HMQC and HMBC (Table 6.8) revealed a fructose [4] 

moiety [Ha 3.70 (1H, d, J = 12.0 Hz),Hb 3.63 (1H, d, J = 12.0 Hz), C 61.6, CH2-1, H 4.03 

(1H, d, J = 5.0 Hz), C 83.2, CH-3, H 3.88 (1H, dd, J = 6.5, 5.0 Hz), C 78.4, CH-4, H 3.83 

(1H, ddd, J = 6.5, 2.5, 2.0 Hz ), C 83.8, CH-5, Ha 3.74 (1H, dd, J = 12.0, 2.5 Hz),Hb 3.60 

(1H, dd, J = 12.0, 2.0 Hz), C 61.6, CH2-6] substituted with a n-butyl chain [ H 3.61, (2H, t, 

J = 7.0 Hz), C 61.9, CH2-1', H 1.53, (2H, m), C 33.4, CH2-2', H 1.39, (2H, m),  C 20.4, 

CH2-3', H 0.92, (3H, t, J = 7.5 Hz),  C 14.2, CH3-4'] at one of the oxygens.  In the 13C NMR 

(Broad Band) a quaternary carbon was also present at C 108.7 for C-2. The ESIMS exhibited 

an ion at m/z 180.0899 due to the fructose moiety. The COSY spectrum provided a sequence 

of 1H-1H interactions between all the connected protons (Figure 5.3). The substitution of n-

butyl chain at C-3-O was achieved by the help of HMBC correlations between H-1' with C-3 

along with other important interactions as shown in figure 5.3. The structure was further 

supported by the NOESY interactions between (Figure 5.3). These data led to elucidate the 

structure of 13 as 3-O-n-butyl--D-fructose. 

In order to confirm that this is a natural n-butyl derivative of fructose, reaction of 

fructose with n-butanol was performed under varying conditions: a) reflux for 8 hours, b) 

reflux in presence of acetic acid and c) keeping the reaction mixture for 7 days.  However, no 

change was observed suggesting that it is a natural product. 
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Figure 5.3 a) Mass fragmentation pattern, b) HMBC correlations and c) NOESY correlations 

observed for compound 13. 
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5.3.4 Lawsochrysin (18) 

 Lawsochrysin (18) was isolated as yellow amorphous powder. Its EI-MS was 

obtained as 394.4 and its mol: formula was assigned as C25H30O4 by HREI-MS, which gave 

the exact mass as m/z 394.2144. The IR spectrum showed absorption for hydroxy (3431 cm-

1), and , -unsaturated carbonyl (1660 cm-1) groups. The UV spectrum showed maxat 276 

nm (log ε = 4.75), and 317 nm (log ε = 4.20). Analysis of the NMR, DEPT, HMQC and 

HMBC (Table 6.9, vide experimental) revealed a flavonoidic structure consisting of an 

aromatic ring without substitution, a 5,6,7-trisubstituted ring A [H 6.46 (1H, s), C 90.0, CH-

8] and unsubstituted ring  B [H 7.85, (2H, dd, J = 8.0, 1.5), C 126.2, CH-2'/6', H 7.48, (2H, 

m),  C 129.0, CH-3'/5', H 7.50, (1H, t, J = 7.5),  C 131.6, CH-4']. These data and the 13C 

NMR chemical shifts for C-4 (C 182.4), C-5 (C 158.5) and C-7 (C 163.4) revealed a 

chrysin [5] type structure. In addition, the NMR data (Table 6.9, vide experimental) also 

revealed two pentyl chains one is attached directly at C-6 [ H 2.64, (2H, t, J = 7.5 Hz), C 

22.3, CH2-1", H 1.45 – 1.53 (2H, m), C 28.4, CH2-2", H 1.31 – 1.34, (2H, m), C 28.2, 

CH2-3", H 1.36 – 1.42, (2H, m), C 22.1, CH2-4", H 0.93, (3H, t, J = 7.0 Hz), C 14.0, CH3-

5"] and other is attached with oxygen at C-7 [H 4.02, (2H, t, J = 6.5 Hz), C 68.5, CH2-1"', 

H 1.84, (2H, quint, J = 6.5 Hz), C 28.7, CH2-2"', H 1.45 – 1.53, (2H, m), C 31.9, CH2-3"', 

H 1.31 – 1.34, (2H, m), C 22.5, CH2-4"', H 0.87, (3H, t, J = 7.0 Hz), C 14.0, CH3-5"']  of 

the ring A. The HREIMS spectrum identified the ions at m/z 323.1290 (calcd for C20H19O4, 

323.1283) and m/z 307.1290  (calcd for  C20H19O3, 307.1334) showing the loss of pentyl and 

pentyloxy. Analysis of the 1H-1H COSY spectrum (Figure 5.4) provided the sequential 

assignment of all protons resonances of the pentyl and pentyloxy chains. The correlations 

observed between H-1"' and C-7, and H-1" and C-6 in the spectrum of HMBC (Figure 5.4) 

suggested that pentyl chain is located at C-6 and pentyloxy chain at C-7. This was further 

suggested by the appearance of a downfield proton of a hydroxy group at C-5 as a sharp 

singlet at  12.74 and NOESY correlation between H-1"' and H-8 (Figure 5.4). These data 

helped to decide the structure of 18 as 5-hydroxy-6-n-pentyl-7-n-pentyloxy-flavone. 
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Figure 5.4 a) Mass fragmentation pattern, b) HMBC correlations and c) Important 1H-1H 

COSY correlations (Bold arrows) and NOESY correlation (Dotted arrow) observed for 

compound 18. 
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5.3.5 Lawsochrysinin (19) 

 Lawsochrysinin (19) was isolated as light yellow amorphous powder. Its EI-MS was 

obtained as 322 and its mol: formula was assigned as C20H18O4 by HREI-MS, which gave the 

exact mass as m/z 322.1171. The IR exhibited absorption for hydroxyl group (3668 cm-1), 

CH2O- (2852 cm-1), and , -unsaturated carbonyl (1664 cm-1) group. The UV spectrum 

exhibited maxat 270 nm (log ε = 4.88) and 309 nm (log ε = 4.50). Analysis of the NMR, 

DEPT, HSQC and HMBC data (Table 6.10, vide experimental) and their comparison with 

those of 18 revealed that the two compounds are similar, except two observations in case of 

19: the presence of a 4"-pentenyloxy chain at C-7 [H 4.02 (2H, t, J = 6.5 Hz), C 67.8, CH2-

1"; H 1.90 (2H, quint., J = 6.5 Hz), C 28.0, CH2-2"; H 2.22 (2H, m), C 29.9, CH2-3", H 

5.81 (1H, ddt, J = 17.0, 10.0, 7.0 Hz ), C 137.3, CH1-4", Ha 5.06, [(1H, ddd, J = 17.0, 3.5, 

1.5 Hz) and Hb 4.99, (1H, ddd, J = 10.0, 3.5, 1.5 Hz), C 115.5, CH2-5"] instead of n-

pentyloxy chain in 1 and the absence of any substituent at C-6 as indicated by the presence of 

additional NMR shifts at [H 6.34 (1H, d, J = 2.5 Hz), C 98.6, CH-6 ]. Furthermore the 

pentenyl chain proton (H-1") showing correlation with C-2", C-3", C-7 supported the linkage 

at C-7 and the position of double bond was confirmed by the connectivity of H-5" with C-4", 

C-3". In the HMBC spectrum the placement of pentenyl chain was also confirmed using 

NOESY through space connection between H-1" and H-8.These facts decide the structure of 

19 as 5-hydroxy-7-(4"pentenyloxy)-flavone.     
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Figure 5.5 a) Mass fragmentation pattern, b) HMBC correlations and c) Important 1H-1H 

COSY correlations (Bold arrows) and NOESY correlation (Dotted arrow) observed for 

compound 19. 
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5.3.6 Lawsonaringenin (21) 

 Lawsonaringenin (21) was isolated as white amorphous powder. Its EI-MS was 

obtained as 340 and its mol: formula was deduced as C20H20O5 on the basis of HREI-MS, 

which gave the exact mass as m/z 340.1298, 13C NMR and 2D-NMR data (Table 6.11, vide 

experimental). The IR spectrum exhibited absorption bands caused by hydroxyl group (3226 

cm-1), CH2O- (2943 cm-1), and , -saturated carbonyl (1639 cm-1) group. The UV spectrum 

exhibited maxat 287 nm (log ε = 3.64) and 326 nm (log ε = 2.94). Analysis of the NMR, 

DEPT, HMQC and HMBC (Table 6.11, vide experimental) Analysis of the NMR, DEPT, 

HMQC and HMBC (Table 6.11, vide experimental) for 21 manifested that it has a 2,3-

dihyropyran ring [6] [H 5.31 (1H, dd, J = 12.9, 3.0 Hz), C 78.9, CH-2, Heq 2.73 (1H, dd, J 

= 17.1, 3.0 Hz), and Hax 3.05 (1H, dd, J = 17.1, 12.9 Hz), C 43.2, CH2-3].The 

stereochemistry of C-2 was suggested as R on the basis of CD data (vide experimental) 

because the coupling constants for H-2 are not definitive since all the natural flavanones exist 

in the thermodynamically more stable conformation with C-2 substituents equatorial [7]. It 

may be noted that although  oriented phenyl ring at C-2 is more common (i.e. 2S 

configuration) but  oriented phenyl ring (i.e. 2R) are also reported [8-11]. Analysis of the 

NMR data (Table 6.11, vide experimental) also exposed a pentenyl chain which is directly 

attached with oxygen at C-7 [ H 3.95, (2H, t, J = 6.6 Hz), C 67.6, CH2-1", H 1.84, (2H, 

quint., J = 6.6 Hz), C 28.0, CH2-2", H 2.17, (2H, q, J = 6.6 Hz),  C 29.9, CH2-3", H 5.82, 

(1H, ddt, J = 17.1, 10.2, 6.6 Hz),  C 137.3,  CH1-4", Ha 5.06, (1H, ddd,  J = 17.1, 3.3, 1.8 

Hz), and Ha 4.97 (1H, ddd,  J = 10.2, 3.3, 1.8 Hz), C 115.5, CH2-5"] of the ring A. The 

HREIMS spectrum identified the ions at m/z 272.0675 (calcd for C15H12O5, 272.0685) and 

m/z 255.0674  (calcd for  C15H11O4, 255.0657) showing the loss of pentenyl and pentenyloxy 

(Figure 5.6). Furthermore, analysis of the NMR data of 21 revealed that it is a 7-(4"-

pentenyloxy) derivative of a known flavonoid naringenin [12]. The position of 4"-

pentenyloxy group at C-7 was evident from the appearance of a downfield hydrogen bonded 

hydroxy proton at C-5 as a sharp singlet at  11.98 and NOESY interactions of H-1" with 

both H-6 and H-8. Thus, the structure of 21 was elucidated as 4', 5-dihydroxy-7-(4"-

pentenyloxy)-flavanone, a derivative of 2R naringenin, the aglycone of 2R naringin which has 

been established to be formed through racemisation at C-2 during maturation of grape fruits 

[13]. 
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 Figure 5.6 a) Mass fragmentation pattern, b) HMBC correlations and c) Important 1H-1H 

COSY correlations (Bold arrows) and NOESY correlation (Dotted arrow) observed for 

compound 21. 

 

 

 

 

 

 



 

79 | P a g e  
 

It may be noted that compounds 18, 19 and 21 possess a hitherto unreported C5 alkyl 

and ether straight chain substituents. The isoprenyl C- and ether chains are a common feature 

in flavonoids where these isoprenyl chains are formed during biosynthesis from mevalonate 

pathway or rearrangement through dexoyxylulose phosphate pathway [14-17]. In the present 

case it is suggested that these may result through rearrangement of isoprenyl cations via 

shifting of a methyl group or directly from deoxyxylulose to furnish a straight chain 

substituent. 
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Chapter 6 

6.0 Experimental 

 

6.1 General experimental procedure. 

IR spectra on JASCO-A-302 spectrophotometer. UV spectra on Hitachi-U-3200 and 

SECOMAN spectrophotometer ANTHJRPC Version 4.1h. CD on a JASCO-J-810 instrument. 

Optical rotations were measured on JASCO-DIP-360 digital polarimeter. NMR spectra were 

recorded on Bruker AV 500, 400, 300 spectrometer at 500, 400, 300 MHz for 1H NMR 

respectively. 13C NMR on Bruker Avance 600 spectrometer (150 MHz) and Bruker Avance 

500 spectrometer125 MHz using TMS as an internal standard. 1H-1H COSY, NOESY, 

HMBC, HMQC and J-resolved on Bruker Avance 500 spectrometer. EIMS on a Finnigan-

Mat-311 and Varian MAT 312 mass spectrometer at 250 oC and 70 eV. The HREIMS spectra 

were recorded on Jeol JMS-600H mass spectrometer using PFK as internal standard. CI-MS; 

Jeol JMS – HX 110. CI carrier gas used was CH4.  FAB (positive) on a JMS HX-110 double 

focusing mass spectrophotometer; using glycerol as a matrix on the target and methanol as a 

solvent used.  Xenon (gas) atom were bombard to ionized the samples. 

VLC was performed using TLC grade silica gel 60 GF254 (Merck). For column 

chromatography (CC) silica gel 60 (70-230 mesh, Macherey-Nagel), Sephadex LH-20, 

(Sigma-Aldrich) and RP-18 (Merck) were used. Preparative TLC was taken using silica gel 

60 F254 on aluminium sheets (Merck, 0.2 mm thickness) and on silica gel RP-18 F254 coated 

on glass plate (Merck, 0.25 mm thickness). Detection of constituents were carried out under 

UV (254 and 365 nm), 1% Ce(SO4)2 in 10% aqueous H2SO4 and with I2 vapours were used 

for spraying. FCC was performed using silica gel 9385 (Merck, 0.040-0.063mm). Recycling 

preparative (RPHPLC) was carried out using HPLC (JAIGEL-ODS-M80) and methanol:water 

(1:1) was used as the mobile phase. The flow rate was 3.0 mL/min and the peaks were 

detected at 254 nm. 
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6.2 Plant material. 

The plant of L. alba was collected from Karachi University region in the month of 

March 2005 and recognized by Dr. Surayya Khatoon (Taxonomist), Department of Botany, 

Karachi University. A voucher receipt (G. H. No. 7292) has been submitted in the Herbarium 

of Botany Department of Karachi University. 

 

6.3 Extraction and isolation. 

 

From the aerial parts of Lawsonia alba stems and leaves were separated manually. 

Stems (25 kg) were repeatedly (x5) extracted with dichloromethane at r.t., to give 

dichloromethane extract and marc. Solvent was removed at reduced pressure from the 

dichloromethane extract to give a syrupy concentrate (273.98 g) which was treated with pet. 

ether to give soluble and insoluble fractions. The latter was treated with ether to give ether 

soluble (12.8 g) and ether insoluble (1.0 g) fractions. The ether insoluble fraction was 

subjected to FCC (pet. ether, pet.ether-ethyl acetate 7:3). 42 fractions were obtained and 

combined to furnish 8 fractions (Fr-1 to Fr-8). Fr-3 and Fr-4 were obtained as colourless 

amorphous powder and characterized as new compound lawsodioxinone (1, 40 mg) and as a 

new source compound 3-(4-hydroxy-3-methoxyphenyl)-triacontyl-(Z)-propenoate (2, 8.5 

mg). Fr-8 was obtained as fine colourless needles and characterized as a known constituent -

sitosterol (3, 15 mg) (Scheme 6.1). 

The ether soluble fraction was freed from the solvent and the residue (12.8 g) was 

treated with hot pet. ether to yield hot pet. ether soluble and insoluble fractions. The pet. ether 

soluble fraction was placed in fridge over night when a whitish residue was filtered and the 

residue (4.2 g) was subjected to gravity CC (pet. ether, pet. ether-ethyl acetate, and ethyl 

acetate in order of increasing polarity). 157 fractions yielded and combined to ultimately 

afford 8 fractions (Re-1 to Re-8). Re-1-Re-2 (0.58 g) were combined and again separated 

through FCC (Aldrich) (silica gel; Merck; 9385) using pet. ether, pet. ether-ethyl acetate, and 

ethyl acetate in order of increasing polarity. As a result 69 fractions were obtained and 

combined to ultimately afford 12 fractions (A-1 to A-12). Fraction A-3 was obtained as white 

amorphous powder and identified as a pure known compound methyl (E)-p-methoxycinnamte 

(4, 9.6 mg). Fraction A-4 was also isolated as white powder and characterized as a new 
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compound lawsodioxinene (5, 25 mg). Fraction A-8 yielded another hitherto unreported 

compound which was identified as 3-(4-hydroxyphenyl)-triacontyl-(Z)-propenoate (6, 10.4 

mg) and fraction A-9 was identified as a known constituent stigmasterol (7, 13 mg) (Scheme 

6.2).  

The marc left after extraction with dichloromethane was repeatedly (x5) extracted 

with ethanol at r.t., and solvent from the combined extract was removed under high vacuum 

to give a gummy residue (160.0 g). This concentrated syrupy residue was shaken out with 

ethyl acetate and water to obtained ethyl acetate phase and the main aqueous phase. The latter 

was washed, dried over anhydrous sodium sulphate (Na2SO4) and solvent was removed by 

high vacuum to give a thick syrup which was poured in pet. ether (excess) to provide pet. 

ether soluble and pet. ether insoluble fraction (33.14 g). Pet. ether insoluble fraction was 

subjected to VLC (chloroform, chloroform-methanol, methanol in order of increasing 

polarity) to afford 7 fractions (B-1 to B-7). B-1-B-2 (7.13 g) were combined and subjected to 

FCC (pet. ether, pet. ether-ethyl acetate (7:3), chloroform, chloroform-methanol (8:2)) to 

afford 203 fractions which were combined to give 11 fractions (C-1 to C-11). Fraction C-3, 

C-4, and C-5 were isolated as white amorphous powder and characterized as 2,3,7-tri-O-

methyl ellagic acid (8, 10.0 mg), betulin (9, 11.5 mg) and glucoside of -sitosterol (10, 8.0 

mg) respectively. Fraction C-10 afforded a new source compound as colourless gummy 

residue and identified as 7-hydroxy-4-methyl coumarin (11, 13.0 mg) (Scheme 6.3). 

The main aqueous phase of stems referred to above was concentrated under vaccu and 

extracted with n-butanol(Scheme-3). The butanole phase was washed with water, dried over 

sodium sulphate (anhydrous) and concentrated under vaccu to give a syrupy residue (32.08 

g). This was taken in methanol and concentrated to obtained off white residue, which was 

filtered to give a methanol insoluble residue (660 mg) identified as D-mannitol (12). The 

methanol soluble fraction was freed from solvent (30.12 g) and subjected to gravity CC 

(silica gel; chloroform, chloroform- methanol, methanol in order of increasing polarity) to 

afford 300 fractions, which were combined to ultimately give seven fractions (D-1 to D-7). 

Fraction D-4 (2.80 g) was subjected to column chromatography using LH-20 which was 

eluted with gradient mixture of  water, water-methanol and methanol (100-0%) to afford 14 

fractions which were combined to obtain five fractions (LH-1 to LH-5). Fraction LH-2 was 

then purified using reverse phase CC (RP-18 silica gel) using water-methanol (1:1) to yield 

three fractions (RP-1 to RP-3). RP-2 was subjected to re-cycling HPLC (JAIGEL – ODS-

M80, serial; 208550, JAL LC-908W) using isocratic mixture of methanol-water (1:1) as 
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mobile phase at  3mL/min flow rate to afford three pure compounds identified as one new 

constituent (5.5mg; ret. time 21 min) and characterized as lawsofructose (13), a hitherto 

unreported constituent (10.5mg; ret. time 26 min) which was identified as 2-O-ethyl-D-

glucopyranoside (14) and another hitherto unreported constituent (10 mg; ret. time 32 min) 

which was identified as 2-(-D-glucopyranosyloxy)-1,4-naphthoquinone (15). Fraction LH-3 

was also separated through RP-HPLC (RP-18 silica gel) using water-methanol (20% to 70%) 

to yield 15 fractions, which were combined to afford three major fractions (RP-1 to RP-3). 

Fraction RP-2 was obtained as white powder and identifed as 4-hydroxy coumarin (16, 7.1 

mg) and fraction RP-3 was purified using re-cycling HPLC under same conditions as 

described above to afford a gummy residue (9.5 mg; ret. Time 45 min) identified as 2-(-D-

glucopyranosyloxy)-benzaldehyde (17) (Scheme 6.4). 

Leaves of Lawsonia alba (2.64 Kg) were extracted repeatedly with pet.ether (x5) at r.t.  

The defatted marc was extracted with dichloromethane (x5) at r.t., and the combined 

dichloromethane extract was concentrated at reduced pressure to obtain a thick syrup (73.20 

g). It was dissolved in ethyl acetate and passed through charcoal bed which was washed with 

ethyl acetate and methanol-benzene (1:1). The combined filtrate and washings was 

concentrated under vaccuo, and the resulting residue (20 g) was subjected to CC (silica gel; 

pet. ether, pet. ether-ethyl acetate (7: 3), chloroform) resulting in 6 major fractions (E-1 to E-

6). Fraction E-2 (2 g) was further subjected to CC (silica gel; pet. ether, pet. ether-ethyl 

acetate, ethyl acetate then chloroform, chloroform-methanol in order of increasing polarity) to 

furnish 100 fractions which were combined to obtain 8 fractions (F-1 to F-8). Fraction F-2 

was further purified using prep.TLC (pet.ether-ethyl acetate; 8:2) to afford a yellow 

amorphous powder which was characterized as a new compound lawsochrysin (18, 11.1 mg) 

and  a light yellow amorphous powder which was identified as lawsochrysinin (19, 16.5 mg) 

(Scheme 6.5). 

     The marc left after extraction with dichloromethane was extracted with ethanol (x5). 

After removing the solvent from the combined extracts, the syrupy residue was fractionate 

between ethyl acetate and water. The ethyl acetate phase was washed with water, dried over 

sodium sulphate (anhydrous) and concentrated under vaccuo. The gummy syrupy residue 

(300 g) was subjected to vacuum liquid chromatography (VLC) using gradient mixture of 0-

50% chloroform in methanol resulting in 3 major fractions (G-1 to G-3). Fraction G-1 (25.3g) 

was taken to CC (silica gel; pet. ether, pet. ether-ethyl acetate and then chloroform, 
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chloroform-methanol in increasing order of polarity) to furnish 200 fractions which were 

combined to get eight fractions (H-1 to H-8). Fraction H-4 (1.5 g) was again subjected to CC 

(silica gel; pet. ether, pet. ether-ethyl acetate (7: 3), chloroform in order of increasing polarity) 

to obtained 70 fractions, which were combined to obtained five fractions (I-1 to I-5). Fraction 

I-1 and I-4 were obtained as yellow amorphous powder and identified as a known compound 

3', 4',-dimthoxy-flavone (20, 8.8 mg) and 7-hydroxy-flavone (22, 7.5 mg). Fraction I-3 (55 

mg) was purified on precoated aluminium cards (silica gel) using chloroform-methanol (9.5: 

0.5) identified as a new compound lawsonaringenin (21, 9.1 mg) (Scheme 6.6). 

      A portion (500 mL) of the main aqueous phase obtained above was shaken out with n-

butanol which was dried over sodium sulfate (anhydrous) and concentrated under vaccuo to 

give a syrupy residue (8.0 g). This was separated by CC using sephadex LH-20 which was 

eluted with gradient mixture of water, water-methanol and methanol (100-0%) to afford 5 

pooled fractions (LH-A-1 through LH-A-3). Fraction LH-A-2 was further purified using RP 

column chromatography using (silica gel RP-18) eluted with gradient mixture of water, water-

methanol and methanol (100:0 %) to yield a yellow amorphous powder identified as a known 

compound 3, 3', 4', 7-tetrahydroxy-flavanone (23, 5.1 mg) and another light yellow 

amorphous powder identified as rhoifolin (24, 6.3 mg).  
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Scheme-6.5
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1) Washed
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6.4. Characterization of Compounds. 

6.4.1. Lawsodioxinone (1) 

12-[2'-(1',4'-Dioxin-5',6-dione)-8''E-undecenyl-dodecanoate. 

 

 

 

 

 

 

Lawsodioxinone (1) was isolated as a white amorphous powder (25 mg) from ether 

soluble fraction of the dichloromethane extract (vide experimental). HREI-MS 

showed its molecular formula as C27H46O6. 

Spectral Data 

UV max (log  in CHCl3:  295 (4.59) nm.  

IRmax (KBr): 1744, 1707 (ester/lactone carbonyls) and 1604, 1632 

(double bonds) cm-1. 

[D : -0.009 

EIMS m/z (rel.int %): 313  (8), 153  (3), 115  (3)  and 57  (100). 

CI-MS m/z:     467 [M+ H]+ 

HR-EI-MS m/z :   466.3380 [M+ ] (calculated for C27H46O6 466.3347)  
1H- and 13C-NMR:     Table 6.6. 
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Table 6.6. 13C NMR (150 MHz), 1H NMR (400 MHz) Spectroscopic Dataa for 

Lawsodioxinone (1). 

Position C, mult H, mult (J in Hz) HMBCb 

1 172.8, C   

2 34.0, CH2 2.28, t (7.5) 1 

3 24.8, CH2 1.59, br s 3', 12 

4 29.4, CH2 1.28, br s  

5-10 29.7, CH2 1.23, mc  

11 34.4, CH2 1.51 , m  

12 27.2, CH2 1.98 , m 2', 3', 6' 

2' 68.9, CH 5.25 , m  

3'a 62.0, CH2 4.27, dd (11.8, 4.2) 2', 5', 12 

3'b  4.12, dd (11.8, 5.9)  

5' 174.0, C   

6' 173.3, C   

1" 64.4, CH2 4.03, t (6.7) 1 

2" 28.6, CH2 1.35, m   

3"-5" 29.7, CH2 1.23 mc  

6" 29.3, CH2 1.32, m  

7" 29.6, CH2 2.03, md  

8" 129.9, CH 5.32,  ddd (14.8,6.0,4.2)e  

9" 130.2, CH 5.34 (1H, ddd, 14.8, 8.4, 2.3)e 8'' 

10" 22.7, CH2 2.03, md 9'' 

11" 14.1, CH3 0.87, t (6.9)  
a Chemical shift values are in ppm and assignments are based on DEPT, HMQC, 1H-1H 

COSY, and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H 

NMR column.  c Intergrated for 18 H.  d Intergrated for 4 H.  evalues may be interchanged. 
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6.4.2. Lawsodioxinene (5) 

5-[1'-(Docosa-2'E, 5'E-dienyl)] -1, 4-dioxin- 2, 3-dione  

 

 

 

 

 

 

Lawsodioxinene (5) was obtained as a colourless amorphous powder (40 mg) from 

ether insoluble fraction of the dichloromethane extract (vide experimental). HREI-MS 

showed its molecular formula as C26H44O4. 

Spectral Data 

UV max (log  in CHCl3:  244 (4.62 ) nm.  

IRmax (KBr): 1743, 1710 (carbonyls), and 1635 (double bonds) cm-1 

[D : -0.019 

EIMS m/z (rel.int %): 420 [M+]  (3), and 57  (100). 

CI-MS m/z:     421 [M+ H]+ 

HR-EI-MS m/z :   420.3330 [M+ ] (calculated for C26H44O4 420.3293)  
1H- and 13C-NMR:     Table 6.7. 
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Table 6.7. 13C NMR (150 MHz), 1H NMR (400 MHz) Spectroscopic Dataa for 

Lawsodioxinene (5). 

Position C, mult H, mult (J in Hz) HMBCb 

2 172.8, C   

3 173.2, C  4' 

5 68.9, CH 5.22 , m 2' 

6a 62.1, CH2 4.29, dd (11.8, 4.3) 2 

6b  4.14, dd (11.8, 5.9)  2 

1' 34.0, CH2 2.28, m  

2'/6' 128.0, CH 5.34 dt (14.9, 6.9) e  

3'/5' 130.0, CH 5.32, dt (14.9, 6.9) e  

4' 25.6, CH2 2.74, t (6.4) 5', 6' 

5'/3' 130.2, CH 5.32, dt (14.9, 6.9) e 4' 

6'/2' 129.9, CH 5.34, dt (14.9,6.9) e 7' 

7' 27.1, CH2 2.01, m 5', 6' 

8' 31.5, CH2 1.30, m  

9' 29.1, CH2 1.28 mc  

10' 22.6, CH2 1.28 mc  

11'-14'  29.7, CH2 1.23,md  

15'-19' 29.5, CH2 1.28,mc  

20' 31.9, CH2 1.28,mc  

21' 22.5, CH2 1.28,mc  

22' 14.4, CH3 0.88, m  
a Chemical shift values are in ppm and assignments are based on DEPT, HMQC, 1H-1H 

COSY, and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H 

NMR column.  c Intergrated for 18 H.  d Intergrated for 8 H.  evalues may be interchanged. 
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6.4.3. Lawsofructose (13) 

3-O-n-Butyl--D-fructose 

 

 

 

 

 

 

Lawsofructose (13) was obtained as a colourless gummy solid (5.5 mg) from n-

butanol soluble fraction of the ethanol extract (vide experimental). Combined application of 

EIMS, HREIMS, ESIMS showed its molecular formula as C10H20O6. 

Spectral Data 

[D : -38.0 

EIMS m/z (rel.int %):   205  (79), 57  (57)                                                      

ESI-MS m/z:     259.1189 [M+Na]+, 180.0899 [M+H]+ 

HR-EI-MS m/z :   236.1233 [M+ ] (calculated for C10H20O6 236.1260)    
1H- and 13C-NMR:     Table 6.8. 
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Table 6.8.13C NMR (150 MHz), 1H NMR (500 MHz) Spectroscopic Dataa for Lawsofructose 

(13). 

Position C, mult H, mult (J in Hz) HMBCb 

1a 61.6, CH2 3.70, d (12) 2, 3 

1b  3.63, d (12)  

2 108.7, C   

3 83.2, CH 4.03, d (5.0) 2, 4 

4 78.4, CH 3.88, dd (6.5, 5.0) 2, 3, 5, 6 

5 83.8, CH 3.83, ddd (6.5, 2.5, 2.0) 4, 6 

6a 61.6, CH2 3.74, dd (12.0, 2.5) 4, 5 

6b  3.60, dd (12.0, 2.0) 6 

1'   61.9, CH2 3.61, t (7.0) 2', 3', 3 

2'   33.4, CH2 1.53, m 1', 3', 4' 

3'   20.4, CH2 1.39, m 1', 2', 4'  

4'  14.2, CH3 0.92, t (7.5) 2', 3' 
a Chemical shift values are in ppm and assignments are based on DEPT, HMQC, 1H-1H 

COSY, and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H 

NMR column.   
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6.4.4. Lawsochrysin (18) 

5-Hydroxy-6-pently-7-(pentyloxy) flavone. 

 

 

 

 

 

Lawsochrysin (18) was obtained as yellow amorphous powder (11.1 mg) from ethyl 

acetate soluble fraction of the dichloromethane extract (vide experimental). HREI-MS 

exhibited its molecular formula as C25H30O4. 

Spectral Data 

UV max (log  in CHCl3:  276 (4.75) nm.  

IRmax (CHCl3): 3644 (hydroxy), 2852 (methylene), 1655 (, -

unsaturated carbonyl) and 1501-1447 (aromatic ring) 

cm-1. 

EIMS m/z (rel.int %): 394 [M+] (40), 351 (18), 33 (100), 281 (62), 267  ( 80), 

252 (7.4) and 165 (14.6). 

HR-EI-MS m/z :   394.2150 [M+ ] (calculated for C25H30O4, 394.2144)  
1H- and 13C-NMR:     Table 6.9. 
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Table 6.9. 13C NMR (125 MHz), 1H NMR (500 MHz) Spectroscopic Dataa for Lawsochrysin 

(18). 

Position C H (multiplicity, J in Hz) HMBC b 

2 163.0, C - - 

3 105.9, CH 6.64, s 1', 2 

4 182.4, C - - 

4a 105.4, C - - 

5 158.5, C - - 

6 114.4, C - - 

7 163.4, C - - 

8   90.0, CH 6.46, s 4a, 6, 7, 8a 

8a 156.1, C - - 

1' 131.5, C - - 

2'/6' 126.2, CH 7.85, dd (8.0, 1.5) 1', 2, 3'/5', 4'  

3'/5'  129.0, CH 7.48, m 1', 2'/6', 4' 

4' 131.6, CH 7.50, m 1', 2'/6', 3'/5' 

1"  22.3, CH2 2.64, t (7.5) 2", 5, 6, 7 

2"  28.4, CH2 1.45 – 1.53, m - 

3"  28.2, CH2 1.31 – 1.34, m - 

4"  22.1, CH2 1.36 – 1.42, m - 

5"  14.0, CH3 0.93, t (7.0) - 

1"'  68.5, CH2 4.02, t (6.5) - 

2"'  28.7, CH2 1.84, quint (6.5) - 

3"'  31.9, CH2 1.45 – 1.53, m - 

4"'  22.5, CH2 1.31 – 1.34, m - 

5"'  14.0, CH3 0.87, t (7.0) - 

5-OH  12.74, s - 
a Chemical shift values are in ppm and assignments are based on DEPT, HSQC, 1H-1H 

COSY, and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H 

NMR column.   
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6.4.5. Lawsochrysinin (19) 

5-Hydroxy-7-(4"pentenyloxy) flavone. 

 

 

 

 

 

Lawsochrysinin (19) was obtained as yellow amorphous powder (16.5 mg) from ethyl 

acetate soluble fraction of the dichloromethane extract (vide experimental). HREI-MS 

exhibited its molecular formula as C20H18O4. 

Spectral Data 

UV max (log  in CHCl3:  270 (4.88) nm.  

IRmax (CHCl3): 3668 (hydroxy), 2852 (methylene), 1664 (, -

unsaturated carbonyl) and 1500-1448 (aromatic ring) 

cm-1. 

EIMS m/z (rel.int %): 322 [M+] (23), 254 (100) and 226  (28).  

HR-EI-MS m/z :   322.1171 [M+ ] (calculated for C20H18O4, 322.1205)  
1H- and 13C-NMR:     Table 6.10. 

 

 

 

 

 

 

 

 

 

 

 

O

OOH

O
2

5 4

1'

3'

8

3

7

6

2' 4'

5'

6'

1"
2"

3"
4"

5"



 

103 | P a g e  
 

Table 6.10.13C NMR (125 MHz), 1H NMR (500 MHz) Spectroscopic Dataa for 

Lawsochrysinin (19). 

Position C, mult H, mult (J in Hz) HMBCb 

2 163.9, C   

3 105.8, CH 6.63, s 1', 2, 4, 4a 

4 182.4, C   

4a 105.6, C   

5 162.1, C   

6   98.6, CH 6.34, d (2.5) 4a, 5, 7, 8  

7 165.1, C   

8   93.1, CH 6.47, d (2.5) 4a, 6, 7, 8a 

8a 157.8, C   

1' 131.4, C   

2'/6'  126.2, CH 7.85, dd (8.0, 1.5) 1', 2, 3'/5' 

3'/5'  129.0, CH 7.47 – 7.52, m 1', 2'/6', 4' 

4' 131.8, CH 7.47 – 7.52, m 1', 2'/6', 3'/5' 

1"   67.8, CH2 4.02, t (6.5) 2", 3", 7 

2"   28.0, CH2 1.90, quint (6.5) 1", 3", 4" 

3"   29.9, CH2 2.22, m 1", 2", 4", 5" 

4"  137.3, CH 5.81, ddt (17.0, 10.0, 7.0) 2”, 3” 

5"  115.5, CH2 5.06, ddd (17.0, 3.5, 1.5) 3", 4" 

  4.99, ddd (10.0, 3.5, 1.5) 3", 4" 

5-OH  12.67, s  
a Chemical shift values are in ppm and assignments are based on DEPT, HSQC, 1H-1H COSY 

and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H NMR 

column. 
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6.4.6. Lawsonaringenin (21) 

4',5-Dihydroxy-7-(4"pentenyloxy) flavanone.  

 

Lawsonaringenin (21) was obtained as white amorphous powder (9.1 mg) from ethyl 

acetate soluble fraction of the ethanol extract (vide experimental). HREI-MS 

exhibited its molecular formula as C20H20O5. 

Spectral Data 

UV max (log  in CHCl3:  287 (3.64) nm.  

CD in CHCl3:                [θ ]334 -9.42 mdeg, [θ ]306 +21.38 mdeg, [θ ]270 + 6.67 

mdeg, [θ ]256 -4.82 mdeg. 

IRmax (CHCl3): 3226 (hydroxy), 2943 (methylene), 1639 (carbonyl) and 

1517-1446 (aromatic ring) cm-1. 

EIMS m/z (rel.int %): 340 [M+] (59), 272 (100), 221  (48), 153 (76) and 120   

( 93). 

HR-EI-MS m/z :   340.1298 [M+ ] (calculated for C20H20O5, 340.1311)  
1H- and 13C-NMR:     Table 6.11. 
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Table 6.11. 13C NMR (125 MHz), 1H NMR (500 MHz) Spectroscopic Dataa for 

Lawsonaringenin (21). 

Pos C, mult H, mult (J in Hz) HMBCb 

2    78.9, CH 5.31, dd (12.9, 3.0) 1', 2'/6' 

3   43.2, CH2 2.73, dd (17.1, 3.0)  2, 4 

  3.05, dd (17.1, 12.9) 2 

4 195.9, C    

4a 103.0, C   

5 162.8, C   

6   95.6, CH 6.03, d (2.1) 4a, 5, 7, 8  

7 167.5, C   

8   94.6, CH 6.00, d (2.1) 4a, 6, 7, 8a 

8a 164.1, C   

1' 130.7, C   

2'/6'  127.9, CH 7.32, d (8.5) 2, 4' 

3'/5'  115.6, CH 6.88, d (8.5) 1'  

4' 156.0, C   

1"   67.6, CH2 3.95, t (6.6) 2", 3" 

2"   28.0, CH2 1.84, quint (6.6) 1", 3", 4" 

3"   29.9, CH2 2.17, q (6.6) 1", 2", 4", 5" 

4"  137.3, CH 5.82, ddt (17.1, 10.2, 6.6) 3" 

5"  115.5, CH2 5.06, ddd (17.1, 3.3, 1.8) 3" 

  4.97, ddd (10.2, 3.3, 1.8) 3" 

5-OH  11.98, s  
a Chemical shift values are in ppm and assignments are based on DEPT, HMQC, 1H-1H 

COSY, and HMBC experiments. b Carbon atoms correlated to proton resonance in the 1H 

NMR column.   
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Chapter 7 

 

7.0 Phytopharmaceutical Chemistry  
7.0.1 Introduction 

Phytopharmaceutical chemistry is the branch of chemistry which deals with the nature of 

chemical structure, biosynthesis, metabolism and biological function of bioactive constituents 

accumulated by plants and used as drugs. These bioactive organic constituents can be 

obtained from fresh or dried plants, or parts of plants like flowers, leaves, seeds, roots and 

shoots by several extraction procedures. The extraction of bioactive constituents from plant 

materials is a part of phytopharmaceutical chemistry.[1].  

Bioactive constituents which are used as drugs are a major contribution to world health and 

their production involves machinery, quality control, workers, legislation and standards. 

Several steps are involved during the analyses and production of drugs from plants which 

includes grading, size reduction, extraction, concentration and purification [2] as shown in 

Figure 7.1.   
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Grading
(Plants, Foods, Beverages, etc.)

Size reduction
(Chopping, Grinding, Homogeniztion,

Freeze drying, etc.)

Extraction
(Reflux, MAE, LLE,SE, Partition,

Soxhlet, etc.

Concentration
(Vaccum evaporators,

Concentrators, etc.)

Purification
(Column chromatograpy, SPE, TLC,

Filteration, Centrifugation, etc.)

Analysis
(HPLC, GC-MS, LC-MS,

MALDI-MS, etc.)

 

 

Figure 7.1 Steps involved in phytopharmaceutical analyses of plants. 

7.0.2 Importance of herbs/ Plants 

Many constituents founds in herbs working together to produce in a synergistic way 

the desired effect. In several cases of herbal medicine, active ingredients are not analyzed or 

even unidentified but still we know that herbal medicine are being extensively used for the 

treatment of chronic diseases as phytotherapeutic [3]. Herbal medicines possess many 

applications and are founds in different forms like tisanes (hot water extracts), tincture 

(alcoholic extracts). Theses may be used as whole plant or a specific part (roots, shoots, 

barks, fruits, flowers, seeds and leaves) in different shapes, i.e. tablets or pills, capsules, 

extracts, ointments and creams etc. 
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Plants remain a vital source of new drugs which are used as anticancer, anti-diabetic, 

anti-infectious, anti-depressant, for cardiovascular diseases and also for different other 

ailments such as antiseptic, astringent carminative, demulcent, expectorant, laxative, sedative 

etc.  

Plants bestow enormous opportunities for multidisciplinary research as natural 

product chemists, biochemists, molecular and cellular biologists, synthetic and analytical 

chemists, and pharmacologists to exploit the diversity of structure and biological activity of 

natural products. It has been estimated that phytomedicines are thirty percent of the world 

wide sale of drugs, worth about 40 billion US $ [4].  

7.0.3 Challenges in phytochemical analysis 

1. Active constituents in many plants are unidentified. 

2. Standardization is possible but difficult to perform. 

3. Quality of raw materials and its availability is problematic. 

4. Clinical and pharmacological studies are needed to prove their safety and efficacy 

which are very cost effective.    

5. For therapeutic usage have wide range which are suitable for chronic treatments, but 

not suited for acute treatments like emergency operation etc. 

6. These medicines possess less side effects as compared to synthetic medicines, but 

studies revealed that side effects exist [3].  

7. According to the location, prevailing weather conditions of the plant the amount of 

active principle(s) varies. So, it is very important in order to control the dosage that 

the crude material is assayed appropriately especially where the therapeutic ratio is 

low.  

7.1 Principal compounds 

Principal constituents of herbal drug which may be therapeutically active or not and 

are important for the quality of the finished product. Preferably, the analytical marker 

substance is also accountable for the desired result in the body for which the product has been 

formulated [4]. The qualities of the finished products are quantified by these substances as 

well as the raw materials used in the formulation. 

Herbal medicines have been declared by WHO as medicinal products which are labeled and 

finished contain aerial, undergrounds or whole parts of plants, whether as plant preparations 
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or in the crude form [4]. The consistent quality can be assured by bringing consistency in the 

formulation and determining the dosage of the herbal medicines, also these substances should 

be defined quantitatively by identifying the marker substances [5]. The diversity in plants 

results from the factors such as variations such as from place to place, season to season and 

batch to batch etc. For herbal raw material, it is essential to set the minimum level of marker 

compounds in order to control the quality of intermediate and finished product [6].  

Validation and analysis of marker compounds in plants give us information about the quality 

of the plant.   

7.2 Criteria for phytomedicine identifications 

 Already known constituent from a plant source can be identified through 

chromatographic and their reported spectral analysis. These compounds may be obtained 

commercially for comparison along with other possibilities of validation for the compound 

under study.  

7.2.1 Qualitative and Quantitative analysis 

 Plant analysis is devoted to the isolation and identification of secondary metabolites 

with the expectation of a particular species or group of species which may be novel or of an 

unusual structure. It is very important to realize that the isolated compound should not be an 

impurity or an artifact which is a common feature of plant analysis. It has been observed that 

many compounds are quite labile and may undergo change during extraction. Plant 

glycosides are liable to undergo some enzymatic or non-enzymatic hydrolysis during 

isolation, while esters in the presence of alcoholic solvents may undergo transesterification. 

During steam distillation volatile terpenes are liable to molecular rearrangements or during 

isolation procedures protein may be attacked by the protease. Furthermore, in purification 

process artifacts may be introduced. The frequent additive is butyl isothalate, a plasticizer 

which contaminates the plant extracts. In general, avoiding artifacts; the original crude plant 

extract must be checked qualitatively for the isolated compound that it is actually present 

there [7].  

 Quantitative data can be obtained if the initial plant material and the amount of the 

product obtained are weighed.  This measurement can be conducted on dried and powdered 

plant material to determine the total content of nitrogen, protein, phenol, sugar and tannin etc. 
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Ideally, the amounts of individual constituents within a particular class of compounds needs 

to be determined quantitatively which is now widely and readily achieved by GLC, HPLC or 

HPLC-MS measurements [7].  

7.3 General applications 

 Practically phytochemical procedures today have an established role in all chemical 

and biochemical studies. Some of noticeable applications of these methods are in agriculture, 

food industry, pharmaceutical research, plant physiology, plant pathology, plant ecology, 

plant tissue culture, plant genetics and  in plant systematic which are the most developing 

fields in phytochemistry [7].  

7.4 Phenolic compounds  

 Plant substances which possess in common an aromatic ring along with one or more 

hydroxyl groups are termed as phenolic compounds [8]. Several thousand structures of 

different classes are known as natural phenolic compounds i.e. flavonoids, monocyclic 

phenols, phenolic quinones, phenylpropanoids, ligninis, melanins, tannins, proteins, alkaloids 

and terpenoids etc. Phenolic compounds show intense absorption bands and exhibit 

bathochromic shifts in the presence of alkali in their UV spectrum and as they are aromatic in 

nature [9].  

7.4.1 Phenolic acids and phenols  

 Phenolic acids and phenols usually identified together during plant analysis. Our main 

focus is on phenolic acids which are the main class of polyphenols [10] and are universal in 

their distribution e.g. p-hydroxybenzoic acid, catechuic acid, syringic acid and vanillica acid, 

gentisic acid, salicylic acid, o-protocatechuic acid (Figure 7.2). Gallic acid reported as a 

natural inhibitor found in leaves of Kalanchoe [11].  
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Figure 7.2 Structure of some phenolic acids. 

 Phenols e.g. hydroquinone, catechol, pyrogallol, resorcinol, orcinol, phloroglucinol 

(Figure 7.3)etc. are comparatively rare in plants as compared to above acids and have been 

reported only from few sources.  

 

 

Figure 7.3 Structure of some phenols. 

7.4.2 Salicylic acid and its derivatives 

 Salicylic acid (SA) is involved in various physiological processes like heat 

production, flower induction and stomatal closure [12]. It also plays a vital role for the 

resistance against pathogens and stress which are reported in plants [13-16]. SA signalling is 

involved in the resistance mechanisms which include systematic cell death, hypersensitive 

response [17] and pathogenesis related gene expression [18-19]. Mostly SA is present in 

plants as glycoside, in most cases as glucoside, but also in the form of methyl-salicylate  [20]. 

Moreover, SA derivative, such as acetylsalicylic acid (Aspirin®), has significant medicinal 

properties like anti-inflammatory, analgesic and antipyretic effect [21]. Salicylate is marketed 

as a non steroidal anti-inflammatory drug (NSAIDs) [22], used as life-saving medicine for 
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diseases including colon cancer, stroke, heart attack, complications occurring during 

pregnancy, in dementia and in diabetes. However, it also exhibits some undesirable side 

effects at higher doses and prolonged use can produce toxic effects to kidney damage, 

gastrointestinal bleeding and peptic ulcers [23]. Other side effects include chronic 

inflammation of mucous membranes especially of the throat and nose, runny nose, 

breathlessness, liver damage and hepatitis etc.  

7.4.3 Techniques used to quantify salicylates 

Like all plant hormones, the plant regulators SA and its derivatives are present at very 

low concentrations in comparison to other primary and secondary metabolites [24]. To 

quantify these analytes simultaneously, analytical methods must be selective and sensitive 

extremely [25]. Several methods have been presented for the qualitative and quantitative 

analysis of salicylic acid and its derivatives. Analyses using enzyme-linked immunosorbent 

assay (ELISA) and radioimmunoassay (RIA) have been used, but structurally related 

compounds showing cross reactivity can cause problems during analyses [26]. Solid phase 

extraction (SPE) is used for enrichment of analytes resulting in increased recovery [27], using 

internal standard (p-Toluic acid). An anion exchange method for NMR analysis of SA has 

been developed [28] but it gives poor reproducibility. Another possibility to analyse SA and 

its derivatives is provided by GC/MS [29] after derivatization, but it is a time consuming 

procedure prior to GC analysis. Capillary electrophoresis enabled the analysis of SA in 

approximately 15 min per sample [30] but shows low detection sensitivity. A two 

dimensional LC separation applying anion exchange in the first and RP in the second 

dimension at higher pH has also been reported [16]. At higher pH SA is almost completely 

dissociated where as other aromatic acids remain undissociated, resulting the elution of SA at 

last. Using isocratic instead of gradient elusion in the second dimension prevents re-

equilibration of the column. Some other described analytical techniques, for example 

chemiluminescence [31] and derivative spectrofluorimetry [32] lack either selectivity or 

sensitivity. 
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7.4.4 Aim of study 

The aim of this study was the development of a fast and sensitive mf-MELDI and 

HPLC-MS method for the qualitative and quantitative determination of salicylic acid, 3,4-

dihyroxybenzoic acid (3,4-DHBA), gallic acid (GA) and gallic acid methyl ester (GAME) 

(Figure 7.4) in relevant plant extracts like primrose root extracts. In that context different 

ways of extraction like ultrasonic water bath extraction, reflux extraction and microwave 

assisted extraction will be evaluated. 
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Figure 7.4 Salicylic acid and its related derivatives. 
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Primula (Primrose) 

Chapter 8 

8.0 Introduction 

Primula veris L. (Primulaceae), also known as Primula which is found in meadows 

and light and grow in the regions of Asia and central and Western Europe. This plant grows 

about 20 centimeter in height with loutish and crumpled leaves with honey-scented yellow 

flowers. Primula is mostly used as decongestant for respiratory conditions e.g., coughs and 

bronchitis. It was famous in traditional drug and was thought to treat nerve pain and 

headache, as well as dizziness and shaking belongs to vascular weakness, even though the 

authentication of these proofs has not been proven. The tea was conventionally suggested as a 

vascular tonic for sensations and dizziness [1]. Primrose root had taken for acute breathing 

disorders, whooping cough, joint and bone pain, nerve pain and stiffness. It is also suggested 

for skin conditions in homeopathic medicine. Leaf juice of this plant was also conventionally 

used for the treatment of acne. Primula flowers can be used to make a strong wine, or can be 

taken as an infusion or in tinctures. One teaspoon of the plant's dried root or one to two spoon 

of dried primrose flowers used as a respiratory remedy for bronchitis, laryngitis, cough and 

colds as recommended by German Commission. The flowers and root are preferably 

suggested for dispelling catarrh of the respiratory tract-thick. Bioassays studies showed that 
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this plant has potential anxiolytic activity. Its extract without  causing  sedation may be 

effective in modulating anxiety states [2].  

8.0.1 Chemical constituents  

Saponins , especially primula acid  and triterpenoid saponin which have been characterized as 

3-O-{[-L-rhamnopyranosyl-(12)--D-galactopyranosyl-(13)]-[-D-glucopyranosyl-

(12)]--D-glucuronopyranosyl}-priverogenin B 22-acetate (priverosaponin B 22-acetate), 

3-O-{[-L-rhamnopyranosyl-(12)--D-galactopyranosyl-(13)]-[-D-glucopyranosyl-

(12)]--D-glucuronopyranosyl}-priverogenin B  (priverosaponin B), and 3-O-{[-L-

rhamnopyranosyl-(12)--D-galactopyranosyl-(13)]-[-D-glucopyranosyl-(12)]--D-

glucuronopyranosyl}-anagalligenin A (primacrosaponin) [3]. From the leaves of Primula 

some lipophilic flavones were isolated which were described as 3'-methoxy-4',5'-

methylenedioxyflavone and 3'-hydroxy-4',5'-dimethoxyflavone along with the previously 

isolated constituents 3',4'dimethoxyflavone, 2',5'-dimethoxyflavone,  2'-hydroxyflavone, 2'-

methoxyflavone, 3'-methoxyflavone, 3',4',5'-trimethoxyflavone and 5,6,2',6'-

tetramethoxyflavone (zapotin) [4].  The highest total saponin content was found in roots of 

primula (max. 14.9%) [5] . Specially, the amount of  triterpene saponins are reported (5-10 

%) of the -amyrine type including priverogenin A, B, priverosaponin B 22-acetate, 

primulasaponin I, primulasaponin II [5]. Other reported main glucosides are the 

monodesmosidic primula acid A [6] primulaverin and primeverin. Primula root cultures 

provided highest content of primula acid I, on average 29.9 mg/g [7]. 

8.0.2 Medicinal uses 

Following are some reported activities of Primula 

  Acne  

 Antispasmodic 

 Anxiety 

 Breathing Disorders 

 Bones and Joint Contractions 

 Bronchitis 

 Catarrh  

 Cough 
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 Diuretic (mild) 

 Dizziness 

 Expectorant 

 Headache Insomnia 

 Laryngitis 

 Nervous Excitability 

 Nerve Pain 

 Restlessness 

 Sedative 

 Skin Conditions 

 Vascular Disorders  

 

8.0.2.1 Recommend dosage 

 2 – 4 g or 1.5 to 3 teaspoons of dried flowers daily in secretion of phlegm and 

alleviation of irritation in catarrh (mucous). As an infusion recommended dose is 1 – 2 g 

three times in a day. Primrose flower tincture 1.3 g or 1 teaspoon is recommended with daily 

dosage according to the German Erg. B 6. The root infusion, with honey can be taken after 

two to three hours as an expectorant. Its root tincture is suggested the daily dose of 1.5 to 3 g 

by the German Commission E [8-10]. 

8.0.2.2 Side effects and contraindications 

Diarrhea, nausea and stomach upset may cause by over dose of Primula. Saponins 

reported from this herb are haemolytic and toxic to fish and may act as gastro intestinal 

irritants. The roots contains the highest amount of salicylates therefore should not be taken 

with aspirin. During lactation and pregnancy the use of this herb should be avoided [9-10]. 
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Chapter 9 

9.0 Sample preparation and separation techniques  

Sample preparation is the significant and initial step in the improvement of analytical 

techniques for phytochemistry. Qualitative and quantitative analysis is mainly based on 

accurate sample preparation therefore it has been continuously developed and optimized with 

special focus on number of steps involved, organic solvent consumption, time needed, 

selectivity, efficiency and cost effectiveness. 

9.1 Extraction Techniques  

These days in phytoanalysis, the most frequently techniques used for extractions are 

solid-liquid extraction (SLE) with additional stirring or mechanical agitation, SPE, LLE, 

percolation, SFE, Soxhlet extraction (SE), MAE, online dialysis , and ultrasonic extraction 

[1-2]. Summary of different extraction methods are given in Table 9.1 and Table 9.2. 

Generally extraction methods can be classified into two main classes, classical extraction 

methods e.g. digestion, maceration, percolation, reflux boiling, steam distillation, soxhlet 

extraction, etc., which are simple and time consuming  and modern extraction methods e.g., 

MAE, SFE, ASE, PLE, PHWE and also SAPHWE etc., which  required  much less  time and  

solvent consumption for  exhaustive extraction but also expensive techniques [3]. 
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Table 9.1 Classical extractions procedures of different types used in phytoanalysis [4]. 

Extraction 

Procedures 

Commonly used 

solvents 

Time 

consumption 

Temperature 

(° C) 

Pressure 

applied 

Solvent 

Consumption 

(ml) 

Nature of 

Extraction 

Digestion Acid solution, 

alocohol, mixture of 

alcohol and water 

> 30 min ET NA >50 Exhaustive 

Maceration  Acid solution, 

alocohol, mixture of 

alcohol and water 

> 30 min RT NA >50 Non exhaustive 

Percolation Acid solution, 

alocohol, mixture of 

alcohol and water 

> 60 min RT NA 200 - 600 Non exhaustive 

Reflux extraction Acid solution, 

mixture of alcohol 

and water 

1 – 2 hrs ET NA 100 - 500 Exhaustive 

Steam distillation Water  1 – 3 hrs ET NA 400 - 1000 Exhaustive 

Soxhlet extraction Methanol, ethanol, 

mixture of alcohol 

and water 

6 – 48 hrs ET NA 200 - 600 Exhaustive 

Note: ET = elevated temperature, RT = room temperature, NA = not applicable 
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Table 9.2 Modern extraction procedures of different types used in phytoanalysis [5]. 

Extraction 

Procedures 

Commonly used 

solvents 

Time 

consumption 

Temperature 

(° C) 

Pressure applied Solvent 

Consumption 

(ml) 

Nature of 

Extraction 

MAE Methanol, ethanol, 

mixture of alcohol 

and water 

> 30 min ET Depending on 

vessel extraction 

(open or closed) 

>40 Non exhaustive 

SFE Carbon dioxide or 

with modifiers 

(methanol) 

> 60 min ET 250 – 450 atm NA Exhaustive 

ASE methanol  > 40 min ET 10 – 100 bar 20 -40 Non exhaustive 

PLE Methanol  > 40 min ET 10 – 20 bar 20 - 30 Exhaustive 

PHWE Water, 10 – 30% 

ethanol 

> 50 min ET 10 – 50 bar 40 - 45 Exhaustive 

SAPHWE Water with 

surfactanct, e.g. SDS, 

X 100, Triton 

> 50 min ET 10 – 20 bar 40 - 45 Exhaustive 

Note: ET = elevated temperature, NA = not applicable 
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9.1.1 Classical extraction procedures 

 Digestion and maceration extraction procedures are nearly the same, in which the 

plant material is soaked in a suitable solvent. The only difference is that digestion is 

performed at elevated temperature while maceration taken place at room temperature[6-7]. 

Percolation is a technique in which solution is passed through a porous medium used for 

essential oils extraction in industries [6-7]. In reflux extraction, the plant material is place in a 

closed container e.g. round bottom flask fitted with the condenser and performed at elevated 

temperature (Figure 9.1) [4-5]. Similar extraction procedure is used in steam distillation to 

compare with reflux extraction, the only difference is that only water is used for extraction. 

 

Figure 9.1. Reflux extraction. 

Soxhlet extraction is performed using Soxhlet extractor, which is consist of three 

parts. The top part condenser, the middle part is thimble holder and the lower part a round 

bottom flask (Figure 9.2). The sample is placed in thimble and the solvent in the round 

bottom flask, on boiling the solvent vapours passes by the side tube into the condenser where 

it condensed and dropped down to the thimble. These hot vapours  extract the analyte from 

sample and stream into the round bottom flask through siphon. This process is repeated 

several time with fresh solvent in each cycle. This extraction method is a substitute to reflux 

extraction having good extraction efficiency and less solvent consumption [8]. 
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Figure 9.2. Soxhlet extraction. 

9.1.2 Modern and high performance extraction procedures 

 Ultrasonic extraction which is also termed as sonication is performed using ultrasonic 

waves. The efficiency of this technique is fast when compared to maceration extraction but 

not as compared to microwave assisted extraction (MAE). In microwave assisted extraction 

(MAE) desired components are selectively dissolved because it involves the dipole rotation 

of molecules and migration of ions, results in distraction of bonds and enrichment of the 

saturation of solvent into the sample [9].  

 Supercritical fluid extraction (SFE) uses supercritical fluids for the extraction of 

compounds from sample due to its unique characteristics for the solvents having low 

viscosity like gases to penetrate into sample at the supercritical point. The extraction of target 

molecule from the matrix increases as the solubility of solvent increases at high temperature. 

CO2 is the most frequently used solvents in SFE due to its low price and easy handling. Polar 

solvents e.g. 10 – 20% methanol or ethanol is added to enlarge the polarity. SFE was 

reviewed and used by Lang for herbal and natural product extraction [10]. 
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ASE which is also known as PFE or PLE is nearly similar to Soxhlet extraction with 

the difference of using solvents high temperature and pressure [11]. The use of the high 

temperature increases the rate of the extraction, while pressure prevents the solvents from 

boiling. Due to theses reason, it has been utilized in different application which included 

environmental and biological samples [12]. In phytochemistry, this techniques has been 

applied for qualitative and quantitative analysis of plant metabolites [13].  

Pressurized hot water extraction (PHWE) also known as super heated water extraction 

is mainly based on polarity, dielectric constant and boiling point of water [14].  

Surfactant assisted pressurized hot water extraction (SAPHWE) is the blend of PHWE 

and surfactant (Triton-X, sodium dodecyl suphate). These surfactants increases the solubility 

of compounds presents in natural products [15]. 

9.2 Purification techniques in phytochemistry 

 Purification step usually performed after the extraction prior the analysis of the 

targeted compound as described by Stecher et al.[16] into two different approaches, i.e. 

liquid-liquid extraction (LLE) and solid-liquid extraction. Liquid-liquid extraction (LLE) 

which is also known as immiscible solvent extraction because it involves the use of 

immiscible solvents, i.e. aqueous and organic solvents.  In addition, forced flow multiphase 

liquid extraction (FFMLE) based LLE techniques based on the use of three immiscible liquid 

phases [17].  

 Solid phase extraction (SPE) is the second purification technique which involves the 

solid phase (adsorbent) and liquid phase. Several SPE techniques have been used in 

phytochemistry for analysis which includes SPE, SPME, membrane extraction and SBSE [8, 

10]. 

9.2.1 Solid phase extraction (SPE) 

 SPE has been used for preconcentration or purification of sample. In 1977 its 

application was rapidly increased by Waters Corporation on commercializing, disposable 

columns/cartridges containing bonded silica sorbents. The advantages of using SPE is to 

reduced labour, cost, analysis time, less solvent consumption, avoid emulsification, its high 

pre-concentration level, simplicity and versatility  [8, 18].  

SPE has been applied to an extensive range of samples including animal tissue, blood, 

beverages, plant extracts, serum, soil, urine, water samples and consumer products etc. It 
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provides high recoveries and reproducibility for all types of samples, i.e. acidic, basic and 

neutral at very low concentration up to pg/ ml [19]. For preparation of the sample it involves 

the use of suitable solvent for the activation of the sorbent material, stationary phase 

equilibration with suitable solvent (10% organic solvent must be there for ODS), sample 

loading on the sorbent material, washing of solid phase with proper solvent to take out 

interfering compounds not retained, drying and elution of retained analytes with proper 

solvent. 

9.2.1.1 SPE stationary phases / sorbents  

 Many stationary phases / sorbents are available for the separation of analytes 

depending on their nature. For the most part of the sorbents are silica based modified with 

desired and suitable functional group, e.g. in RP-SPE hydrophobic carbon chain of different 

length.  

Table 9.3 List of some commercially available SPE sorbents [23]. 

SPE Sorbents Structure/ functionality Name 

Reverse phase SPE sorbents   

Octadecyl silane -Si(CH3)2C18H37 C-18 

Octadecyl silane -SiC18H37 tC-18 

Octyl -Si(CH3)2C8H17 C8 

Butyl -SiC4H9 C4 

Ethyl -SiC2H5 C2 

Phenyl -SiC6H5 PH 

Cyclohexyl -SiC6H12 CH 

Normal phase SPE sorbents   

Aminopropyl -Si(CH2)3NH2 NH2 

Cyanopropyl -Si(CH2)3CN CN 

Silica -Si-OH Si 

2,3-Dihydroxypropoxypropyl -Si(CH2)3OCH2CH(OH)CH2OH Diol 

Ion exchange SPE sorbents   

Primary secondary amine -Si(CH2)3NH(CH2)2NH2 PSA 

Quarternary amine -Si(CH2)3N
+(CH3)3Cl- SAX 
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Accel Plus CMA -C(O)NH(CH2)3N
+(CH3)3Cl- -- 

Accel Plus CM -COO-Na+ -- 

Propyl carboxylic acid  -Si(CH2)3COOH CBA 

Benzene suphonic acid -SiC6H5SO3
-H+ SCX 

Propylsulphonic acid -Si(CH2)3SO3
-H+ PRS 

Polymeric SPE sorbents   

Oasis Polystyrene-divinylbenzene-vinylpyrrolidone HLB 

Strata Styrene-divinylbenzene (surface modified) X 

Bond-Elut Polystyrene-divinylbenzene ENV 

SDB Polystyrene-divinylbenzene-

ethylvinylbenzene 

SDB 

LiChrolut Polystyrene-divinylbenzene EN 

Isolute Polystyrene-divinylbenzene ENV+ 

A few SPE sorbents with their characteristics are listed in Table 9.3. Present work is mainly 

related to polymeric sorbents so, it will be discussed also. 

9.2.1.2 Polymeric SPE sorbents  

Silica based SPE sorbents face the problem of high active sites (ionized silanol 

groups) at their surfaces and dissolved at high pH (2 to 8) [20-21]. Second thing is that 

reversed phase silica in SPE sorbent should be conditioned and remain wetted before the 

application of sample [22]. 
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To overcome these limitations polymer based SPE sorbents were introduced which 

possess organic polymer sorbents e.g. acrylamide, divinylbenzene,  

ethyleneglycoldimethacrylate,  methacrylic acid or methyl methacrylate, and styrene (Figure 

9.3) etc. These sorbents can be used over the whole pH range [24]. 
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Figure 9.3 Structures of some organic polymer sorbents. 

Different suppliers, e.g. Bond Elute PPL, LiChrolut EN, Oasis, Strata etc. have been 

introduced novel functionalized polymeric SPE sorbents. Divinylbenzene, co-polymer of 

polystyrene is known for its wide range of application in SPE polymeric sorbents [19, 21]. 

9.2.2 Solid phase micro extraction (SPME) 

SPE on micro level scale is known as SPME, enrichment technique for samples 

having relatively very low amount of analytes[25]. In SPME, the sample is applied as a thin 

layer of sorbent coated othe outer surface fiber (e.g. poly(dimethylsiloxane) [25]. 
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9.2.3 Membrane extraction 

 Membrane extraction used to analyse volatile constituents. It involves to utilize 

hydrophobic polymer membrane by which sample analytes dispersed into flowing extract and 

this sample is concentrated before further analysis [26]. 

9.2.4 Stir bar sorptive extraction (SBSE) 

SBSE has been used to extract analytes from the biological, environmental and food 

samples etc. [27]. It is also a purification technique for the trace level enrichment of analytes 

from samples. The sample is stirred with the coated bar for approx 60 minutes,  which 

depends on sample volume and stirring speed [8]. 
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Chapter 10 

10.0  Qualitative and Quantitative analysis 

In phytochemistry, standardization is increasing day by day to estimate and control 

the quality of medicinal plants and phytopharmaceutical products. In general, plants consist 

of one more active principle component(s), due to these facts active compounds should be 

analyzed. Different analytical methods have been developed for this purpose. The most 

frequently used technique for qualitative and quantitative analysis is high performance liquid 

chromatography (HPLC). A widely used method for the characterization and determination 

of active plant ingredients is HPLC coupled to mass spectrometry e.g. standardization of 

oligomeric procyanidins in hawthorn by LC-MS (MALDI-MS) [1-5]. Use of MALDI-MS to 

analyze small molecules and active principle in medicinal plants is partially possible, as these 

molecules fall into the mass range of this technique. Matrix free material enhanced laser 

desorption ionization mass spectrometry (mf-MELDI-MS) represents a further development 

of MALDI-MS and differs by covalent immobilization of matrix molecule e.g. 4,4´-

azodianiline on a solid support like silica particles and ASB (azodianiline silica bradykinin) 

modified silica etc. [6-8]. The analysis of small molecular weight constituents like other 

metabolites is only possible by binding the matrix to a solid support in order to avoid 

background noise in MALDI. Thus, mf-MELDI-MS are utilized besides MALDI for 

characterization and determination of target analytes because of high accuracy at short 

analysis time 

10.1 Chromatography 

It is a multistage separation separation technique in which the components are 

distributed between the stationary phase and mobile phase.  In this technique separation based 

on the affinity or retention ratios of the components to these phases. The stationary phase 

may be a solid or a liquid, supported by some solid support by physical or chemical forces, 

while mobile phase can be a liquid or a gaseous. Since mobile phase is moving, the 

constituents of the loaded sample undergo through many equilibrations between these two 
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phases. The separation power of the multistage technique is much greater than a single stage 

technique. Due to this reason, chromatographic methods are widely applied for various 

qualitative and quantitative separation and analyses. 

10.2 History  

In 1906 a Russian botanist Mikhail Semenovich Tswett used the term of 

chromatography for the first time. He is also called the father of chromatography as he 

separated coloured leaf pigments (chlorophyll) for the first time by passing through a column 

packed with adsorbent chalk particles and eluted with petroleum ether. He suggested the 

name of this technique chromatography a combination of two Greek words (chroma = colour, 

graphein = to write) [9].  In 1930 Kuhn, Winterstein and Leaderer separated components of 

egg yolk using this technique through a glass column filled with calcium carbonate. 

10.3 Classification 

Chromatographic techniques can be classification on the basis of different parameters 

(Table 10.1).  

Table 10.1 Classification of chromatographic methods. 

Phases On the basis of 
retention time 

Physical 
parameter 

Mobile phase Stationary phase 

Gas Liquid Partition Column 
Gas Solid Adsorption Planer 
Liquid Liquid Exclusion  
Liquid Solid Ion exchange  

10.3.1 Partition chromatography 

In partition chromatography or liquid-liquid separation occurs among the two non-

miscible liquid phases (stationary and mobile). The liquid stationary phase is supported on an 

inert solid support while mobile phase differs in polarity from stationary phase to avoid 

miscibility. In general, stationary phase is polar while mobile phase is non-polar causing 

greater retention to polar compounds. 
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10.3.2 Adsorption chromatography 

Adsorption chromatography which is also liquid-solid or gas-solid chromatography 

when the mobile phase is liquid or gaseous respectively based on the connections among the 

solute and fixed active sites on the stationary phase. The stationary phase is an adsorbent 

which is generally an active, porous solid with large surface area such as silica gel, alumina 

or charcoal. The solid stationary phase can be packed into column, impregnated into porous 

paper.  

There are two types of adsorption chromatography: 

i. Normal Phase chromatography 

ii. Reversed Phase chromatography 

10.3.3 Exclusion or size-exclusion chromatography 

Size-exclusion chromatography is used for the separation high molecular compounds 

e.g. polymers and biopolymers from smaller molecules. The stationary phase used is 

chemically inert substance which could be a gel or a porous inorganic solid. Separation is 

based on sieving processes, large molecules retains while intermediate molecules pass 

through some pores and small molecules passes smoothly from the gel or vice versa. 

10.3.4 Ion exchange chromatography 

This chromatographic technique is used for the ions and polar molecules separation. It 

is based on the affinity of ions in solution for opposite charged ions on the stationary phase. 

Usually an ionic group bound resin stationary phase and a buffered aqueous solution mobile 

phase, containing a counter ion whose charge is opposite and in equilibrium with the total 

charge of the stationary phase is used.  

10.4 High Performance Liquid Chromatography (HPLC) 

HPLC is a highly efficient and sophisticated separation technique developed in the 

middle of 1970`s along with the development of column packing materials and on-line 

detectors. It is widely used for the research purpose in biotechnology, biomedical, 

biochemical research, cosmetics, energy, food, pharmaceutical and environmental industries 
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[10].  It is a form of column liquid chromatography, in which the separation of analytes 

occurs on the basis of interaction between the mobile phase (liquid) and the stationary phase 

(column packing materials) under applied pressure. Affinity of the components of the mixture 

can be adjusted by selecting various stationary and mobile phases. Thus, HPLC is considered 

to be a versatile technique to analyze large number of compounds.  

10.4.1 Instrumentation 

A typical HPLC instrument (Figure 10.1) comprises of the following parts: 

i. Solvent Reservoirs 

ii. Degasser  

iii. Pumps 

iv. Pulsation damper 

v. Injection port 

vi. Colum oven 

vii. Column 

viii. Detector 

ix. Waste  

Degasser

Pump A

Pump B

A B

Solvent Reservoir

C

System controller

Detector

Autosampler

Injection
port

ColumnOven

Column

Mixer

Waste bottle

Data controller

 

Figure 10.1 A typical HPLC instrumental diagram. 
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Table 10.2 Stationary phases commonly used in HPLC, their structures and applications. 

DVB: divinylbenzene, RP: reversed phase, NP: normal phase [7]. 

Stationary 
phase 

Mode  Structure 

C-18 RP 

 

C-8 RP 

Polymeric 
Polystyrene-
DVB 

RP 

 
CN (cyano) NP, RP 

Si
N

R2

R1
O

Diol NP, RP 

Silica NP 
Si
R2

R1
O OH

Benzene 
sulfonic acid 

Strong 
cation 
exchange 

Quaternary 
ammonium 

Strong 
cation 
exchange 
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10.4.2 Miniaturization of HPLC 

In order to save the sample and mobile phase, the column inner diameter is reduced 

by using capillary columns etc. which is called miniaturization of HPLC or µHPLC. µHPLC 

requires low amount of stationary phase results in increased sensitivity and column efficiency 

[16-17]. Moreover it enables direct hyphenation of LC to mass spectrometry (MS). 

10.4.3 Theoretical considerations 

The chromatographic principle in HPLC is based upon the distribution of an analyte 

‘X’ between the mobile (m) and the stationary phase (s) 

Xm ↔ Xs         10.1 

The distribution coefficient (Kx) for the analyte, corresponding to the stationary phase over 

the concentration of analyte in the mobile phase, can be calculated as  

Kx = [X]s/[X]m         10.2 

10.4.4 Important parameters in HPLC [8, 18] 

i. Dead volume (Vm) 

The mobile phase volume (Vm) spreading to the column is the volume of liquid 

required for a completely un-retained peak passing through the column including the liquid 

inside (Vi) and outside the matrix (Vo). This volume (Vm) is called dead volume.  

Vm = Vo + Vi = 0.5 Ld2        10.3 

Where: 

L = length of the column (cm) 

d = diameter (cm) 

ii. Dead time (to) 

The dead time (to) is the time required for the dead volume passing through the column. 

to = Vm/F         10.4 
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Where: 

Vm = dead volume  

F = flow rate 

iii. Total column volume (VT) 

It is the sum of the dead volume and the volume occupied by the stationary phase. It is 

similar to the volume of the empty cylinder 

VT = π r2L         10.5 

Where: 

r = half of the diameter of the column 

L = length of the column 

iv. Retention factor (K)  

It shows the retention behaviour of an analyte on a column and is independent of 

velocity of the analyte having dependence only on the nature of the stationary phase, mobile 

phase and temperature. It is also called retention factor. It is defined as the total number of 

moles in stationary phase over the total number of moles in mobile phase. 

K = (CsVs)/(CmVm) =  (KxVs)/Vm = (tR - to)/to    10.6 

Small value of K shows that the compound is poorly retained and elutes near the void 

volume. Larger K value implies a good separation accompanied with longer analysis time and 

peak broadening thus decreasing the sensitivity. Ideal separations occur with a K value falls 

between 1 and 5. 

v. Resolution (R) 

Resolution gives the information about the ability of the column to separate two 

analytes eluting consecutively. 

R = 2(tRB - tRA)/(wA + wB)       10.7 

Where: 
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tRA and tRB = retention times for two consecutive peaks A and B, respectively 

wA and wB = peak widths along the baseline of peak A and B, respectively 

vi. Column efficiency (N) 

The efficiency of the column can be expressed as number of theoretical plates. 

N = L/H         10.8 

Where: 

L = length of the column (mm)  

H = plate height (mm) 

N can be calculated from the chromatogram which is measured experimentally as  

N = 16(tR/w)2         10.9 

Where: 

tR = retention time of the peak 

w = peak width at the baseline 

Typical value of the plate height (H) for the HPLC ranges from 0.01 to 0.1 mm. High 

efficiency columns have plate counts that can exceed 80,000 plates per meter, while poor 

efficiency column can be 10 to 20% of that value.  

vii. Column selectivity (α) 

Column selectivity used to determine relative separation of two peaks and is the ratio 

of the net retention times of the two peaks. 

α = (tRB - to)/(tRA - to) = K΄B/K΄A      10.10 

Theoretically two analytes can be separated if α >1. 

10.5 Mass spectrometry  

It is one of the most significant and sensitive analytical techniques used for the 

qualitative and quantitative analysis of a required component in a given sample. The 
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possibility of coupling with the chromatographic instruments like ESI and MALDI makes it 

indispensable for the natural products research. Coupling HPLC to MS has to solve three 

major problems, i.e. ionization of the molecules, separation of these ionized molecules 

according to their m/z ratios and determination of the intensity of each ion produced [19-20]. 

10.5.1 Instrumentation 

There are three fundamental components of a mass spectrometer: 

i. Ionization source 

ii. Mass analyzer 

iii. Detector 

10.5.1.1 Ionization source 

Ionization of sample is carried out in ion source in different ways i.e. electron impact 

(EI), chemical ionization (CI), direct chemical ionization (DCI) [21], fast atomic 

bombardment (FAB)[22], field desorption (FD) [23], liquid secondary ion mass spectrometry 

(LSIMS) [24], ESI [25] and APCI [26]. 

EI and CI are appropriate ionization techniques for gaseous samples but the main 

difference is that EI is hard ionization technique give fragments of the analytes while CI is a 

soft ionization technique gives molecular ion peak of the analytes. ESI and MALDI for liquid 

and biological samples, and for metal analysis inductively coupled plasma (ICP) is better. A 

recently developed soft ionization technique is an ion attachment, with which analysis is 

performed without fragmentation. Several reviews on the use of mass spectrometry coupled 

with LC for secondary plant metabolites have been published [27-36].  A brief overview 

about some most often used mass spectrometric ionization techniques is given in table 10.3.  

 

Table 10.3. Most frequently used ionization techniques and their description [37]. 

Ionization 
technique 

Sample inlet Nature of Sample Mass range Method 

Electron impact 
(EI) 

GC solid or 
liquid probe 

Thermally stable, 
volatile 

>1000 Da Hard technique, 
provide 
fragments  ion 
peak 

Chemical 
ionization (CI) 

GC solid or 
liquid probe 

Thermally stable, 
volatile 

>1000 Da Soft technique, 
molecular ion 
peak 

Fast atomic LC, direct Organometallic >5000 Da Soft technique, 
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bombardment 
(FAB) 

injection compounds required matrix 

Matrix assisted 
laser desorption 
ionization 
(MALDI) 

Co-
crystallization 
with a matrix 

Biomolecules >500000 Da Soft technique, 
singly charged 
ions 

Electrospray 
ionization (ESI) 

Sample solution Organic and 
inorganic 
compounds 

Low to high 
mass range 

Soft technique, 
multiply 
charged ions 

10.5.1.2 Mass analyzer 

Mass analyzer separates the gaseous ions coming from ion source on the basis of their 

mass to charge ratios. Traditionally the separation performed within the magnetic field e.g. 

magnetic sector analyzer but now it is performed electrically. Various types of analyzers are 

available e.g.  Q, QIT, ToF and FT-ICR etc. 

10.5.1.2.1 Quadrupole (Q) 

Paul Wolfgang (Noble prize, 1989) described the fundamental priniciples of 

quandupole mass analyzer for the first time. This analyzer consists of parallel electrical rods 

(four). A direct current (DC) and potential (U). The other two rods are connected to an 

alternating radiofrequency (RF) potential. Ions are pulsed towards a quadrupole from 

ionization chamber by an electrical field (5 kV). A charged ion (+ve) will move towards the 

negatively charged rod, but when the polarity is changed, the ions will change its path. Ions 

will undergo a complex back and forth movement. With specific values for V, U and ω, ions 

of a narrow range of m/z values will survive the path towards the detector. Ions with different 

m/z values can be transmitted towards the detector by ramping the U, V and ω values (Figure 

10.2).  

10.5.1.2.2 Quadrupole Ion Trap (QIT) 

Quadrupole Ion Trap (QIT) is differ in geometry but similar in mechanism to 

(Quadrupole) Q. The trapping capability of ions can be used for MS/MS and MSn 

experiments. Actually, in this analyzer the ions from ion source are trapped in a 

radiofrequency quadrupole field. Initially, ion trap capture the ions of interest and ejects all 

other ions. Then these ions are excite by applying the supplementary RF voltage, results in 
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the increase of kinetic energy (K.E.). Ions of high K.E. collide with He atoms resulting in 

fragmentation and MS/MS spectra are obtained.  

 

Figure 10.2.  Schematic diagram of a quadrupole mass analyser. 

10.5.1.2.3 Time of Flight (ToF) 

ToF is the most commonly used mass analyzer with MALDI. In 1946, first time its 

principle was published. In this analyzer ions are accelerated by potential V into a field free 

linear flight tube about 1 – 2 m in length. As they differ in their m/z values, lighter ions will 

reach to the detector first than the heavier ones. This phenomenon can be expressed by the 

following equation [19]. 

tflight
2 = m d2 / 2zeV = (m / z) * (d2 / 2eV)      10.11 

10.5.1.2.4 FT-ICR 

Comisarow and Marashall in 1977 introduced the FT-ICR. In FT-ICR the analysis of 

mass is performed in a cubic cell, placed under the influence of strong magnetic field B 

which is also called trapped ion analyzer cell. This cubic cell consists of three opposite pairs 

of trapping plates, excitation plates and receiver plates. The angular frequency (c) of ions 

motion can be calculated by the following equation. 

c = 2 = v / r = Bez / m       10.12 



 

148 | P a g e  
 

Where: 

m =  mass 

v = velocity 

z = elementary charge of an ion 

r = circular radius 

 = frequency in Hertz 

FT-ICR-MS provides an extremely high resolution ( >106), a wide range of 

magnitude, various external ion sources used, capabilities of select ions and perform 

excitation of ions in gas phase [19]. 

10.5.1.3 Detectors 

Different types of detectors are commercially available. Detectors are the important 

part of the mass spectrometer which provided us the m/z in the form of mass spectrum.  

10.5.2 Hyphenated techniques of mass spectrometry (MS) 

Mass spectrometry is a versatile analytical technique to hyphenate with other separation 

techniques.  Some of the most important mass spectrometric hyphenation techniques are: 

 LC-MS 

 GC-MS 

 MALDI-MS 

The work of this dissertation is mainly based on LC-MS and MALDI-MS, therefore these 

two hyphenated techniques will be discussed in the following pages. 

10.5.3 LC-MS 

Developments of MS with liquid chromatography require a suitable interface. 

Coupling of atmospheric pressure ionization interfaces like APCI, electrospray ionization 

(ESI) and APPI solved the problem, and LC-MS is now the most widely used instrument 

used for analytical applications. Now a day, a highly selective and used method is LC-ESI-

MS (Figure 10.3). However, multiple charging of the analytes by the ESI complicates 

interpreting data. Moreover, presence of salts and other additives significantly reduces the 
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sensitivity. Proper optimization of different parameters e.g. mobile phases, pH, additives and 

flow rate enhance the sensitivity of LC-ESI-MS. A negative ion mode mostly used of 

samples of higher pH while positive ion for the detection of low pH samples. For better 

results a low flow rate (5 – 10 µL/min) should be used which can be increased depends upon 

the conditions and parameters. A sample can be analysed in full scan, SIM and SRM modes 

by LC-ESI-MS. SRM mode is more selective than SIM mode and gives more specific and 

accurate identification of the analytes due to specific fragmentation pattern [38].  

 

Figure 10.3. LC-ESI-MS instrumental diagram. 

10.5.4 MALDI-MS 

The most successful soft ionization technique MALDI was developed in 1987 having 

large scale applications to analyse non-volatile and labile molecules. Hyphenating MALDI 

with ToF-MS has made a revolution in the application of mass spectrometry. Hillenkamp et 

al. after the origin of laser desorption ionization (LDI) suggested a technique of using organic 

matrix as an absorbent which provide the desorption and enhanced the production of ions 

which is later termed as matrix assisted laser desorption ionization technique [39-40]. 

Although is not suitable for the analysis of small plant secondary metabolite but it has been 

proved to be the most efficient technique for desorption and ionization of several types of 

large molecules including carbohydrates [41-42], proteins [43-45] and synthetic polymers 

[46-47]. 
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10.5.4.1 Matrix 

Matrix is a small organic molecule used to absorb energy, facilitate desorption and 

increase ionization without destroying the target analytes by direct laser beam. In general, 

analytes are entrenched in the excess amount of matrix material and co-desorbed when matrix 

is irradiated. The role of matrix as a mediator between the sample and laser radiations is 

governed by Beer-Law as follow: 

H = Hoe
-αz          10.13 

The absorption coefficient (α) is equal to  

α = αncn         10.14   

The wavelength dependent molar absorption coefficient is a property of the matrix 

compound. The matrix compound has a maximum absorption value between 5 x 103 and 5 x 

104 mol-1cm-1 at the peak absorption wavelength [48]. 

In MALDI-MS matrix materials used should have strong absorption, embedding and 

isolating analytes, ionize efficiently the analyte, stable, soluble in desired solvent, having low 

sublimation and must co-desorb the analytes upon the irradiation of laser beam[49]. 

Some commonly used MALDI matrices are summarized in table 10.4 [48]. 
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Table 10.4 Commonly used MALDI matrices. SA: Sinapinic acid, DHB: 2,5- 
Dihydroxybenzoic acid, CHCA: α-cyano-4-hydoxycinnamic acid, HPA: 3-Hydroxypicolinic 
acid, PA: Picolinic acid, NA: Nicotinic acid, ATT: 6-Aza-2-thiothymine, D(tri)HAP: k,m,n-
Di(tri)hydroxyacetophenone. 

Matrix Molecular structure λmax Applications 
 SA 
 

OCH3
OH

OCH3

COOH UV 337 nm, 
353 nm 

Proteins, peptides 

 DHB 
OH

COOH

HO  

UV 337 nm, 
353 nm 

Proteins, peptides, 
carbohydrates, synthetic 
polymer 

 CHCA 

OH

CN

COOH

 

UV 337 nm, 
353 nm 

Peptides, fragmentation 

 HPA 

N COOH

OH

 

UV 337 nm, 
353 nm 

Nucleic acid 

 PA 

 

UV 266 nm Oligonucleotide 

 NA 

 

UV 266 nm Proteins, peptides, adduct 
formation 

ATT 

N
N
N

SH

CH3

HO

 

UV 337 nm, 
353 nm 

Proteins, peptides, non-
covalent complexes 

D(tri)HAP 

 

UV 337 nm, 
353 nm 

Proteins, peptides, non-
covalent complexes 

Succinic 
acid  

IR 2.49 µm, 
2.79 µm 

Proteins, peptides 

Glycerol  
 

IR 2.49 µm, 
2.79 µm 

Proteins, peptides, liquid 
matrix 
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10.5.4.2 Lasers 

Lasers used for ionization of the analyte in MALDI, pulsed laser are more useful than 

solid-state or gas lasers for desorption and ionization. Some commonly used lasers are listed 

in table 10.5. 

Table 10.5 Commonly used lasers in MALDI. 

Laser Wavelength Pulse width Photon energy (eV)
Nitrogen UV 337 nm < 1 ns - few ns 3.68 
Nd-Yag X 1 IR 1.06 µm -- -- 
Nd-Yag X 3 UV 355 nm typ. 5 ns 3.49 
Nd-Yag X 4 UV 266 nm typ. 25 ns 4.66 
Er-Yag IR 2.94 µm 85 ns 0.44 
CO2 IR 10.6 µm 100 ns + 1µs tail 0.12 

10.5.4.3 MALDI desorption process   

Desorption process is the excitation of analyte, with some subsequent phase change and 

dynamics of the material. It involves three factors, laser parameters, the dynamic parameters 

of expanding MALDI particle plume and thermodynamic properties of the matrices. 

Various desorption processes has been reported [49-51], but generally sample gets energy 

from the laser pulse leading to desorption of the analytes from the matrix surface.  

Sufficient rapid phase transition from condensed to gas phase and gas phase interactions 

indicated by the dynamic properties of expanding plume are important [49]. Initial 

temperature and pulse duration in a molecular dynamic simulation model are also play a key 

role for the desorption process [50, 52].  

10.5.4.4 Ionization process in MALDI 

In MALDI ionization process is still a matter of research. Zenobi and Knochenmuss 

described the primary and secondary types of ionization in MALDI [53-54], which is based 

on time of laser pulse and collision [55]. 

In primary ionization, ions are formed during or shortly after the laser pulse or within 

the excited state life time of matrix. This process can involve cluster or photoionization for 

ion ions formation [56-58]. 

In secondary ionization process of ion formation, a transfer of charge to the analyte 

molecules in the expanding plume is going on which results finally secondary a reaction 

through proton transfer, electron transfer, cation transfer or electron capture [55]. 
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10.5.4.5 Sample preparation in MALDI 

In MALDI-MS sample preparation perform an important role for the analysis. But, there 

is no single absolute method is reported for sample preparation which can fulfill all the 

requirements. Some factors e.g. choice and concentration of matrix and analyte, nature of 

solvents, analyte and the MALDI target, influence excellent and uniform sample preparation.  

Mainly two methods are used for sample preparation in MALDI-MS analysis.  

1) Dried droplet method [59]:  Equal amounts of matrix and sample  either mixed before 

or directly are placed on the MALDI steel target. Both matrix and analytes must be soluble 

with each other. This method can tolerate a little amount of salts and buffer. It involves a 

great care to un-uniform distribution of analytes within the matrix and aggregation of higher 

amount of matrix / analyte crystals in a ring around the edge of the drop [60] which leads to 

the search of golden spot. This method is very simple and widely used. 

2) Thin layer method [61]:  In this method  a thin layer of matrix suspension is placed 

followed by spotting of sample after drying of the matrix layer. This way of sample 

application results in concentrating the analytes into only a limited depth of thin layer, where 

there is high access of laser, resulting in enhanced sensitivity of analysis. 

10.5.4.6 Time of Flight (ToF) mass analyzer in MALDI 

Time o flight (ToF) mass analyzer hyphenation in MALDI provides a wide range of 

high mass resolution. In MALDI, all the ions have same kinetic energy which accelerates by 

the voltage (1 – 30 kV). Thesis accelerated ions move with different velocities depending 

upon their m/z values. ToF mass analyzer separates them according to their m/z values. The 

time required for traveling the length of ToF analyzer to the detector is related to the mass of 

the ions. 

The potential energy ‘Epot’ of the ion in an electric field can be defined as:  

Epot = q . U         10.15 

Where: 

q = charge of the ion  

U = strength of electric field 

Charge (q) can be mathematically written as: 
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q = z . e         10.16 

Where: 

z = charge number of the ion  

e = elementary charge 

So, Epot can be written as: 

Epot = z . e . U         10.17 

As the ion flies in ToF, its potential energy is converted into kinetic energy (K.E.) 

K.E = ½ mv2 = z . e . U       10.18 

Where: 

m = mass of ion 

v = velocity of ion 

As the length (L) of the traveling path is known and time (t) can be measured with a 

very accurate electronic stop watch. The velocity (v) of the ion can be determined as:  

v = L/t          10.19 

m/z value can be deduced as: 

m/z = 2e.U/L2 . t2        10.20 

10.5.4.6.1 Linear ToF-MS analyzer 

Linear ToF-MS analyzer consisting of an ion source, accelerating voltage electrodes, 

field free drift tube, ion detector and vacuum system (Figure 10.4). It is a single stage linear 

analyzer to analyze in a very broad range of mass (~ 1 – 1000 kDa), but it has poor resolution 

(~ 4000) and low mass accuracy (> 200 ppm). 
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Figure 10.4 Linear ToF-MS analyzer diagram. 

10.5.4.6.2 Reflectron ToF-MS analyzer 

In 1973, B. A. Mamyrin introduced this new mode of analyzer i.e. reflectron mode to 

enhance signal resolution which results in high mass accuracy. This analyzer has reflectron (a 

series of ring electrodes) at one end of the drift tube which creating a constant electric field 

near their center, slowing down the ions and turn them around (Figure 10.5).  Ions of the 

same m/z values having higher kinetic energy will penetrate faster and deeper into the 

potential gradient than the ions with smaller kinetic energies and thus will take little longer 

time to arrive at the detector. The difference in time of flight of the ions of same m/z values 

with different kinetic energies is compensated and all the ions of the same m/z value reach 

the detector at the same time which results in improving mass resolution and mass accuracy. 

Reflectron mode in MALDI is limited only to a narrow mass range of about 10 kDa in other 

word for low molecular weight compounds. 
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Figure 10.5 Reflectron ToF-MS analyzer diagram. 

10.5.4.7 Development in MALDI-MS 

Two important developments has been made in MALDI-MS technique  

1. SELDI-MS by Hutchens and Yip in 1993 [62]. 

2. mf-MELDI-MS which will be discussed in the following pages. 

10.5.4.7.1 MELDI-MS 

Bonn G. K. et al. in 2006 introduced a new advancement in MALDI which is referred 

as MELDI-MS [63]. The idea is based on the use of morphological factors like particle size, 

surface area and porosity along with the chemical interactions of the affinity materials with 

analytes. Materials used for enhancing includes cellulose [64], polymers [65] and carbon 

nanomaterials (diamond powder, nanotubes [66], silica [67], nanofibers and C60 fullerenes 

[68] (Figure 10.6). 

MELDI is an analytical approach based on carrier material utilizing various chemical 

functions and its morphology, i.e., particle size, porosity, hydrophilic or hydrophobic 

properties of material for the selective binding of analytes [69].  
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Figure 10.6 Different MELDI materials. 

10.5.4.7.2 mf-MELDI-MS 

Analysis of small molecules in MALDI using the normal matrices e.g. -cyano-4-

hydroxycinnamic acid (-CHCA) and 2,5-dihyroxy benzoic acid (DHB) [48] is troublesome due to 

saturation by matrix ions signals below 500 Da. Different factors are involved which makes 

MALDI unfamiliar for the characterization of small molecules, e.g. matrix interference, 

complex coupling of MALDI with online techniques like thin-layer and liquid 

chromatography, etc. Though, interest in the application of MALDI to small molecules has 

continuously been published by several authors. A good MALDI matrix for successful 

applications should have the following properties: To absorb the wavelength of the laser 

used, solubilize the analyte and to transfer protons during the ionization process. A matrix 

free MELDI approach was introduced by Hashir et al. by the use of modified the silica gel 

with 4,4΄-azodianiline to analyze having a molecular weight as low as 100 Da. [6]. This 

modified material have been used for the determination of carbohydrates and amino acids [6, 

70]. Recently, another new mf-MELDI-MS was synthesized using 4,4΄-azodianiline-silica-

bradykinin which were used for carbohydrates determination [71]. 
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Chapter 11 

Salicylic acid and its derivatives analysis 

11.0 Qualitative analysis 

The aim of the present study was to analyze Primula radix using different 

instrumental technique like MALDI-MS, HPLC-PDA, LC-MS because in phytopharmaceutal 

industry standardization of plant plays a key role. First the salicylic acid was qualitatively 

analysed using a new technique, mf-MELDI. 

11.1 mf-MELDI-MS 

 mf-MELDI-MS was employed for qualitative analysis salicylic acid in Primula radix. 

For this purpose Primula radix fraction P1+S1 (see experimental) before passing from solid 

phase extraction (SPE) cartridges, salicylic acid as standard and the fractions after passing 

from SPE cartridges i.e. Sep-Pak C-18, Hyeper Sep C-18, Oasis HLB, and Strata-X were 

used.   ASB (azodianiline silica bradykinin) modified silica [1] were used as  MELDI surface. 

Screening results of these fractions confirmed the presence of salicylic acid in Primula radix 

when compared with the standard (Figure 11.1). Highest signal intensities for salicylic acid 

were obtained using Strata X polymeric SPE cartridge as compared to other SPE cartridges.  
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Figure 11.1. mf-MELDI-TOF-MS, using ASB (azodianiline silica bradykinin) of fraction 

P1+S1 before passing SPE cartridge (a), salicylic acid (b), after passing SPE cartridge Sep-

Pak C-18 (c), Hyeper Sep C-18 (d), Oasis HLB (e), and Strata-X (f). Spectra resulted from 

100 laser shots; concentration of samples was 1.0 l on the target. 

 



 

166 | P a g e  
 

11.2 Quantitative analysis 

Qualitative analysis clearly proved the presence of salicylic acid in Primula radix. In 

mf-MELDI-MS quantitative analysis of analytes is not possible, since signal intensities are 

strongly dependent on availability of analytes for desorption and crystallization. Furthermore, 

detected signals also depend on number of laser shots and laser intensity. Therefore, for 

reliable quantification HPLC-PDA and HPLC-ESI-MS techniques were used.  For 

quantitative analysis sample preparation is the first and utmost step to gain the as much as 

possible extracted amounts of compound regarding to resulting products. The extraction 

methods were evaluated according to time, solvent consumption and total extracted amount. 

11.3 Optimization of extraction methods 

 Extraction methods were optimized with special regarding to total amount of yielding 

substances. 

 

11.3.1 Conventional solvent extraction 

 Powdered Primula samples were extracted by suspending approx 1 g in 20 ml of 

solvent (100% water, 50% methanol, 50% ethanol, 100% ethanol, 100% methanol). The 

samples were extracted under reflux condition for 2 hrs at 100oC for water, 80oC for 50% 

methanol, 50% ethanol, 100% ethanol and 68 oC for 100% methanol. All extracts were 

collected, 1 ml aliquot transferred in an eppendorf vial and dried under vacuum Table 11.1. 

Table 11.1. Amount of compounds extracted in powder by Solvent extraction (traditional 

method) using different solvent system. 

S.No Solvents Weight of Primula radix 
before extraction in g/20 ml 

Total amount of 
ingredients 
extracted in g 

% w/w 

1 
2 
3 
4 
5 

100% Water 
50%   MeOH 
50%   EtOH 
100% EtOH 
100% MeOH 

1.0005 
1.0008 
1.0001 
1.0009 
1.0003 

0.4740 
0.4149 
0.4180 
0.1500 
0.2799 
 

47.38 
41.46 
41.80 
14.98 
27.99 
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11.3.2 Microwave assisted extraction (MAE) 

 Powdered Primula samples were extracted by combining approx 0.5 g with 10 ml of 

solvent (100% water, 50% methanol, 50% ethanol, 100% ethanol, 100% methanol). The 

samples were extracted at 120 W for 5 min. All extracts were collected, centrifuged at 3000 

rpm for 10 min, 1 ml aliquot transferred in an eppendorf vial and dried under vacuum Table 

11.2. 

Table 11.2. Amount of compounds extracted in powder by MAE methods using different 

solvents. 

S.No Solvents Weight of Primula radix  
before extraction in g/10 ml 

Total amount of 
ingredients 
extracted in g 

% w/w 

1 
2 
3 
4 
5 
 

100% Water 
50%   MeOH 
50%   EtOH 
100% EtOH 
100% MeOH 
 

0.5003 
0.5006 
0.5000 
0.5001 
0.5007 
 

0.1800 
0.1360 
0.1390 
0.1060 
0.1570 
 

35.98 
27.17 
27.80 
21.20 
31.36 
 

 

The amount extracted from traditional extraction and microwave assisted extraction 

was compared by calculating the total amount of extracted compounds from Primula radix. 

The total amount of extracted compounds (% w/w) obtained from traditional extraction were 

47.38% using 100% water, 41.46% using 50% methanol, 41.80%  using 50% ethanol, 

14.98% using 100% ethanol and 27.99% using 100% methanol and from MAE 35.98% using 

100% water, 27.17% using 50% methanol, 27.80% using 50% ethanol, 21.20% using 100% 

ethanol and 31.36% using 100% methanol. 

 Surprisingly, traditional extraction delivered the highest total contents using 100% 

water in Primula radix using 20 ml of extracted solvent for 2 hrs., while MAE method 

obtained using 100% water with 10 ml extracted solvent for only 5 min extraction time. The 

total amount of extracted compounds is the most important thing for the extraction besides 

the consumption of time and the volume of organic solvent used, which is related to the cost. 

For the comparison of total amount extracted from two data sets i.e., traditional extraction 

and MAE methods, paired t-test was utilized to evaluated the differentiation between both 

data sets. The t-critical value (t4, 0.05) was 2.132. The obtained results show significant 

difference between before and after extraction at 0.05 level of significance. Further, the 

influence of powdering the plant material on extraction efficiency was also studied. As shown 

in table 10.2, 100% water gives the highest extraction recoveries (%w/w) with 35.98% in 
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opposite to 50% methanol with 27.17, 50% ethanol with 27.80, 100% ethanol 21.20 and 

100% methanol 31.36%. For quantitative analysis, total polyphenol content (TPC) of both 

extraction methods was also determined. 

11.3.3 Total polyphenol content (TPC)  

The Folin-Ciocalteu assay is used for the determining total phenolic content [2]. 

Gallic acid used commonly as a reference for determination of polyphenols [3]. Table 11.3 

represents the results obtained for the concentration (ppm) and absorbance of gallic acid 

standards. Calibration curve was plotted between absorbance (x-axis) and concentration (y-

axis) to give a linear equation of gallic acid standard as y = 0.010x – 0.119 with correlation 

coefficient (R2 = 0.997) (Figure 11.2).  

 

Table 11.3. Gallic acid used as standard for calibration. 

No. Concentration (ppm) Absorbance

1 10 0.013 

2 25 0.129 

3 50 0.391 

4 75 0.668 

5 100 0.955 

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.2. Callibration curve obtained by plotting the concentration (ppm) versus 

absorbance of gallic acid standard. 
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11.3.4 Determination of TPC and optimization of extraction method 

Determination of total polyphenol content demands development of a specific 

extraction method, as targets of interest can be present in free, conjugated, polymeric forms 

but also in complexed forms with carbohydrates, proteins or other plant derivatives. The 

Folin-Ciocalteu assay used for the determination of total phenolic content with the two 

aforementioned extraction methods. The results of this spectrophotometric measurement, 

expressed as mg of gallic acid/g dry sample are shown in Table 11.4.  

Table 11.4.Total polyphenolic content (TPC) obtained from Primulae radix using reflux 

extraction and microwave assisted extraction; n = 3. 

 

 

 

 

 

11.3.4.1 Effects of Solvents  

In order to evaluate the influence of the solvents on the extraction of polyphenol 

content from Primulae radix, reflux extraction method was compared with microwave 

assisted extraction using five different solvents (water, 100% ethanol, 100% methanol, 50% 

ethanol, 50% methanol). The results in Figure 11.3, plotted together, demonstrate that in case 

of pure solvent (water, 100% ethanol, 100% methanol) methanol gave the high extraction 

efficiency for MAE followed by ethanol but not in water extract. Solvents behave differently 

in MAE and in reflux extraction; solvent extractability mainly depends on the solubility of 

the compounds, strength of the solute interactions and the kinetic of mass transfer of the 

product. In the extraction efficiency, heating plays a key role under the influence of 

microwave. Two parameters, first is dielectric constant (ε), which describes the polarizability 

of the molecule to an electric field. Second is dielectric loss factor (έ), which is measure of 

absorbing microwave energy efficiency being converted into heat inside the sample under the 

influence of electric field. From these two parameters, defined another property called 

Solvents Reflux extraction MAE 

 Concentration [mg/g] Concentration [mg/g] 

Water 0.821 0.704 

100% Ethanol 0.345 0.357 

100% Methanol 0.617 0.925 

50% Ethanol 1.192 1.611 

50% Methanol 1.190 0.991 
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dissipation factor (δ) [4]. Under microwave radiation solvents heats up rapidly and generally 

have high dielectric constant and dissipation factor. In case of water, the dielectric constant is 

very high (ε = 78.9), but on the other hand, the dissipation factor is significantly low (δ = 

0.1500), which results in lower yield using MAE as compared to reflux extraction (0.704 

mg/g in MAE; 0.821 mg/g in reflux extraction). Ethanol has a low dielectric constant (ε = 

24.3) and a low dissipation factor (δ = 0.2286), yielding the lowest TPC in both extraction 

procedures (0.357 mg/g in MAE and 0.345 mg/g in reflux extraction). Finally methanol has 

medium dielectric constant (ε = 32.6), but the highest dissipation factor (δ = 0.6400). This 

results in a high extraction efficiency for polyphenols using MAE (0.925 mg/g in MAE and 

0.617 mg/g in reflux extraction). In a further approach extraction efficiencies of total 

polyphenols were evaluated using 50% ethanol and 50% methanol in water.  

 

Figure 11.3. Comparison of the extraction efficiencies of different solvents using reflux 

extraction and microwave assisted extraction (MAE) in Primulae radix. 

 

50% ethanol MAE yielded the highest amount of TPC at all (1.611 mg/g) as shown in 

Figure 11.3. From this result, it was observed that the addition of water enhances generally 

the extraction efficiency, as polarity range of solvent is enlarged. In other words, the contact 

surface area between solvent and plant matrix is increased [5-6]. Surprisingly; 50% methanol 
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MAE yielded a lower amount (0.991 mg/g) as compared to 50 % ethanol microwave assisted 

extract (1.611 mg/g). This in confirmed by Wang and Weller, as they postulate, that polar 

solvents are more efficient for extraction of polyphenols than less/non polar solvents [7].  

Therefore, it was decided to select the 50 % ethanol MAE method for quantitative 

analysis delivering the highest total polyphenol content, total amount extracted compounds in 

shortest extraction time and less organic solvent volume used.  

 

11.4 HPLC analysis of salicylic acid (SA) and its related derivatives 

 After preliminary investigation qualitative analyses of salicylic acid (SA), 3,4-

dihyroxoybenzoic acid (3,4-DHBA), gallic acid (GA) and gallic acid methyl ester (GAME) 

(Figure 11.4)as natural constituents of Primulae radix were achieved using RP-HPLC-DAD. 

Solid-phase extraction was used in order to optimize and validate the method. Quantitative 

analyses were carried out by ESI-SIM/MS, which is more sensitive than full scan mode.  
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Figure 11.4. Structures of salicylic acid (SA), 3,4-didhydroxybenzoic acid (3,4-DHBA), 

gallic acid (GA) and gallic acid methyl ester (GAME). 

 

11.5 Optimization and validation of the solid-phase extraction using RP-LC-ESI-MS 

 Elution was carried out four times with 0.5 ml methanol to determine the minimum 

amount of methanol needed for eluting SA, 3,4-DHBA, GA, and GAME. No analytes were 

observed in the third effluent; therefore 1.0 ml methanol is sufficient for quantitative elution. 

The influence of the drying step was evaluated, especially for SA, which is known to be 

sublimated during evaporation [8]. For this purpose, SA and its derivatives peak-heights and -

areas were compared. No loss of analyte was caused by the drying step. 
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11.6 Calibration curves and reproducibility 

The validation of the developed method were obtained by analyzing the standards and 

the sample thrice in one day and for the period of 5 days, for determining  intra- and inter-day 

precision, respectively. The regression equations for intra-day analysis were obtained as: y = 

327.14x + 17353 for salicylic acid, y = 134.25x + 889.74 for 3, 4-dihydroxybenzoic acid, y = 

128.85x + 1644.7 for gallic acid and y = 602.91x + 586.21 for gallic acid methyl ester using 

SIM mode detection, whereas x is the concentration in (ng/ml) and y is the peak area (mV × 

S). Regression coefficients (R2) values were 0.9973 for SA, 0.9999 for 3,4-DHBA, 1.0000 for 

GA and 0.9999 for GAME. The LOD at a S/N of 3 was found  1.20 ng/ml for SA, 1.10 ng/ml 

for 3, 4-DHBA, 5.00 ng/ml for GA, 0.62 ng/ml for GAME and the limit of quantification 

(LOQ) at a S/N of 10  as 4.00 ng/ml for SA, 3.60 ng/ml for 3, 4-DHBA, 17.00 ng/ml for GA 

and 2.00 ng/ml for GAME  during intra-day analyses. Results obtained during inter-day 

analyses of calibration curves with correlation coefficient >0.99 for all the standards are 

shown in Table 11.5. 

Table 11.5. Inter-day analyses, regression equations and correlation coefficient (R2) for the 

external calibration using RP-LC-DAD-ESI-SIM/MS. Concentrations used were 2.5, 25, 250, 

2500, 5000 ng/ml for salicylic acid (SA), 3,4-dihydroxybenzoic acid (3,4-DHBA), gallic acid 

(GA), gallic acid methyl ester (GAME). 

Standards Days Regression Equations Regression Coefficients (R2) 

SA Day-1 y = 434.63x – 18573 0.9985 

 Day-2 y = 393.09x – 17095 0.9982 

 Day-3 y = 422.06x – 17696 0.9986 

 Day-4 y = 356.11x – 16792 0.9982 

 Day-5 y = 368.43x – 16319 0.9984 

3, 4-DHBA Day-1 y = 185.17x – 2568.7 0.9997 

 Day-2 y = 172.43x – 3435.2 0.9994 

 Day-3 y = 198.93x – 6985 0.9987 

 Day-4 y = 162.81x – 1997.3 0.9990 

 Day-5 y = 168.99x – 5236.2 0.9989 

GA Day-1 y = 184.17x – 497.6 0.9999 

 Day-2 y = 179.99x – 2211.2 0.9998 

 Day-3 y = 216.66x – 7352.9 0.9987 

 Day-4 y = 171.22x – 3876.6 0.9993 
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 Day-5 y = 180.68x – 5654.5 0.9988 

GAME Day-1 y = 797.37x – 1152.8 0.9994 

 Day-2 y = 753.07x – 1032.9 0.9994 

 Day-3 y = 823.15x – 2373.9 0.9994 

 Day-4 y = 712.70x –2062.4 0.9995 

 Day-5 y = 747.54x – 2578.8 0.9992 

 

11.7 Optimization of HPLC-DAD  

Several HPLC columns, Water Spherisrob® 3 m ODS2 (150 mm × 4.6 mm ID), 

Techsphere ODS 5.0 µm (250 mm × 4.6 mm ID) and Prontosil 120-5-C18-H 5.0 µm (250 

mm × 4.6 mm ID) with different solvent system were evaluated. Best results were obtained 

with the Prontosil 120-5-C18-H column using a mobile phase system consisting of 0.1% 

HCOOH in 100% water and ACN. The presence of SA and its derivatives was confirmed 

through comparisons of their recorded UV-spectra from the chromatogram in Figure 11.5, 

with standards DAD.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.5. Reversed-phase LC of salicylic acid (SA), 3, 4-DHBA and gallic acid (GA) as 

natural occurring constituents in Primulae radix extract using diode array detection (DAD) at 

254 nm. No peak was observed for GAME; for chromatographic conditions see experimental. 
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The UV-maxima observed for SA (204 nm, 237 nm, 304 nm), 3, 4-DHBA (207 nm, 

220 nm, 260 nm, 295 nm), GA (217 nm, 272 nm) and GAME (217 nm, 273 nm) in the 

standard mixture. Similarly the UV-maxima was observed in the sample were found as; for 

SA (205 nm, 237 nm, 303 nm), 3, 4-DHBA (218 nm, 259 nm, 294 nm) and GA (213 nm, 270 

nm). GAME was not detected using LC-DAD. 

 

11.7.1 HPLC-MS 

 HPLC-MS detection was used to verify the presence of SA, 3,4-DHBA, GA and 

GAME in Primulae radix. The parent ions measured in negative mode for detection of the 

[M-H]- were m/z 137 for SA, m/z 153 for 3,4-DHBA and m/z 169 for GA. The most 

characteristic fragmentation is caused by the loss of CO2. Spectrum of m/z 137 provided the 

ion [M – H – COO]- m/z 93 for SA, spectrum of m/z 153 provided the ion 109 m/z for 3,4-

DHBA and spectrum of m/z 169 provided the ion 125 m/z for GA as shown in Figure 11.6. 

GAME was not detected in scan mode. 
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Figure 11.6. LC-ESI-MS spectra of: (a) salicylic acid (SA); (b) 3, 4- dihydroxybenzoic acid 

(3, 4-DHBA); and (c) gallic acid (GA) occurring as natural constituents of Primulae radix 

extract. The product ion of gallic acid methyl ester (GAME) was not detected in the scan 

mode. For chromatographic conditions see section 2. MS spectra of parent ions: SA, m/z = 

137; 3, 4-DHBA, m/z = 153; GA, m/z = 169. 

 

11.8 Quantitative analysis using RP-LC-ESI-SIM/MS 

Quantitative analyses of SA and its derivatives were performed using LC-ESI-MS in 

SIM mode. A typical TIC-RP-LC-ESI-MS chromatogram of Primulae radix extract is shown 
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in Figure 11.7a with naturally occurring SA, 3,4-DHBA and GA. GAME was not detected in 

TIC mode.  

 

 Figure 11.7. LC-ESI-MS of SA, 3,4-DHBA, GA and GAME in: (a) Primulae radix extract 

TIC; (b) – (e) represents the SIM of SA, 3,4-DHBA, GA and GAME from TIC. Peak of 

GAME was not detected in TIC mode due to very low abundance. For chromatographic 

conditions see experimental. 

However; due to the enhanced sensitivity in SIM mode, it was detected without any 

interferences with other components. These analytes were determined in the Primulae radix 

extract along with traces of selected ion monitoring at m/z 136.7-137.7 for SA (Figure 11.7b), 

m/z 152.7-153.7 for 3,4-DHBA (Figure 11.7c), m/z 168.7-169.7 for GA (Figure 11.7d) and 

m/z 182.7-183.7 for GAME (Figure 11.7e).  
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The determined mean concentrations for observed compounds were 28.798 g/gm for 

SA, 9.216 g/gm for 3,4-DHBA, 6.172 g/gm for GA and 1.139  g/gm for GAME using 

intra-day assay. Similarly, the quantity observed for total mean calculated concentrations of 

five days using inter-day assay was 29.340 g/gm for SA, 8.610 g/gm for 3,4-DHBA, 7.122 

g/gm for GA and 0.030 g/gm for GAME as shown in Table 11.6. The precision of the 

method was expressed in terms of relative standard deviations (RSD %). Maximum RSD for 

intra- day precision results were 0.351% for SA, 0.141% for 3, 4-DHBA, 3.613% for GA and 

3.754% for GAME. For inter-day precision were 2.667% for SA, 6.567% for 3, 4-DHBA, 

5.173% for GA and 56.452% for GAME (Table 11.6). The high relative standard deviation 

was observed during the inter-day analysis of GAME; this results from the presence of low 

occurrence of the analytes within the sample.  
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Table 11.6. Intra-day and inter-day (5 inter-day data sets) assay precision and reproducibility for salicylic acid (SA), 3, 4-dihydroxybenzoic acid 

(3, 4-DHBA), gallic acid (GA) and gallic acid methyl ester (GAME), using RP-LC-ESI-SIM/MS.  

 

Compounds Intra-day Inter-day 

 

Mean 

Calc. 

conc: 

(g/g) 

SD 

(g/g) 

RSD 

(%) 
Every day mean calculated concentration (g/g) 

Total 

mean 

calc. 

conc: 

(g/g) 

SD 

(g/g) 

RSD 

(%) 

    Day-1 Day-2 Day-3 Day-4 Day-5    

SA 28.798 0.101 0.351 30.100 29.680 28.660 29.880 28.340 29.340 0.782 2.667 

3,4-DHBA 9.216 0.013 0.141 9.274 8.964 8.032 8.762 8.014 8.610 0.565 6.567 

GA 6.172 0.223 3.613 6.752 7.050 7.606 7.390 6.814 7.122 0.368 5.173 

GAME 0.139 0.005 3.754 0.042 0.041 0.009 0.014 0.043 0.030 0.017 56.452 
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11.9 Limit of detection 

Inter-day lower limit of detection (LOD) was between 0.74-1.10 ng/ml for SA, 1.39-

1.97 ng/ml for 3,4-DHBA,  3.00-6.80 ng/ml GA, and 0.37-0.58 ng/ml for GAME at signal to 

noise ratio of 3 (S/N), and the limit of quantification (LOQ) in between 2.45-3.68 ng/ml for 

SA, 4.62-6.58 ng/ml for 3,4-DHBA, 10.00-22.70 ng/ml for GA and 1.23-1.94 ng/ml for 

GAME at  signal to noise ratio of 10 (S/N) (Table 11.7). 

 

Table 11.7. Limits of detection (LOD) and quantification (LOQ) obtained for SA, 3,4-

DHBA, GA and GAME using RP-LC-ESI-SIM/MS during inter-day analyses. 

Inter day LOD (ng/ml) LOQ (ng/ml) 

 SA 3,4-

DHBA 

GA GAME SA 3,4-

DHBA 

GA GAME 

Day-1 1.02 1.78 6.80 0.58 3.52 5.95 22.70 1.94 

Day-2 1.10 1.97 5.00 0.50 3.68 6.58 16.67 1.68 

Day-3 0.80 1.39 3.00 0.37 2.66 4.62 10.00 1.23 

Day-4 0.74 1.92 3.75 0.52 2.45 6.41 12.50 1.74 

Day-5 1.00 1.74 3.12 0.45 3.33 5.80 10.42 1.50 

 

In summary, this method as compared to earlier described and published analytical 

procedures is several times more sensitive compared to LLE [9] and HPLC procedure [10] 

for the determination of salicylic acid and its derivatives in Primulae radix.  

 

11.10 Conclusion 

 Phenolic compounds are the main class of TPC. So, for the analyses of SA and 

its derivatives first the TPC of Primulae radix was determined simultaneously in different 

solvents using Folin-Ciocalteu reagent assay. 50% ethanol microwave-assisted extract 

delivered the highest yield and has been considered as potential alternative to tradition reflux 

extraction for the determination of TPC. This extraction method has also been chosen for 

several reasons like reduced extraction time, less solvent consumption and better extraction 

yield.  

For quantitative analyses RP-HPLC-ESI-SIM/MS was used which is a rapid sensitive 

and accurate method for the analyses of salicylic acid and its derivatives in Primulae radix. 

The chromatographic conditions described ensure efficient separation of SA and its 
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derivatives without interference of other components. A major advantage of this method is 

the increased sensitivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

181 | P a g e  
 

 
 
 
11.11 References: 

1. Qureshi, M. N. Evaluation of different analytical techniques and development of 
novel approaches for phytochemical investigations. Ph.D Thesis, Leopold Franzens 
University, Austria, Innsbruck, 2009.  

2. Carrasco-Pancorbo, A.; Cerretani, L.; Bendini, A.; Segura-Carretero, A.; Gallina-
Toschi, T.; Fernández-Gutiérrez, A., Analytical determination of polyphenols in olive 
oils. Journal of separation science 2005, 28, 837-858. 

3. Singleton, V. L.; Rossi Jr, J. A., Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. American Journal of Enology and 
Viticulture 1965, 16, 144-158. 

4. Hemwimon, S.; Pavasant, P.; Shotipruk, A., Microwave-assisted extraction of 
antioxidative anthraquinones from roots of Morinda citrifolia. Separation and 
Purification Technology 2007, 54, 44-50. 

5. Guo, Z.; Jin, Q.; Fan, G.; Duan, Y.; Qin, C.; Wen, M., Microwave-assisted extraction 
of effective constituents from a Chinese herbal medicine Radix puerariae. Analytica 
Chimica Acta 2001, 436, 41-47. 

6. Li, H.; Chen, B.; Zhang, Z.; Yao, S., Focused microwave-assisted solvent extraction 
and HPLC determination of effective constituents in Eucommia ulmodies Oliv.(E. 
ulmodies). Talanta 2004, 63, 659-665. 

7. Wang, L.; Weller, C. L., Recent advances in extraction of nutraceuticals from plants. 
Trends in Food Science & Technology 2006, 17, 300-312. 

8. Lo, L. Y.; Bye, A., Specific and sensitive method for the determination of aspirin and 
salicylic acid in plasma using reversed-phase high-performance liquid 
chromatography. Journal of chromatography 1980, 181, 473-477. 

9. Mays, D. C.; Sharp, D. E.; Beach, C. A.; Kershaw, R. A.; Bianchine, J. R.; Gerber, N., 
Improved method for the determination of aspirin and its metabolites in biological 
fluids by high-performance liquid chromatography: applications to human and animal 
studies. Journal of Chromatography B 1984, 311, 301-309. 

10. Franeta, J. T.; Agbaba, D.; Eric, S.; Pavkov, S.; Aleksic, M.; Vladimirov, S., HPLC 
assay of acetylsalicylic acid, paracetamol, caffeine and phenobarbital in tablets. Il 
Farmaco 2002, 57, 709-713. 



 

182 | P a g e  
 

 

 

 

 

 

 

EXPERIMENTAL 



 

183 | P a g e  
 

 

Chapter 12 

12.1 Chemicals and reagents 

Chemical / reagent / standard Purity/ grade Supplier 

3,4-Dihydroxybenzoic acid   > 97% Fluka (Buchs, Switzerland) 

3-Aminopropyl-trimethoxysilane ≥ 97% Fluka  

Acetic acid 99 – 100% Merck KGaA  

Acetone  99.8% Merck KGaA  

Acetonitrile ≥ 99.9% Sigma-Aldrich GmbH 

Boric acid 99.5 – 100% Merck KGaA  

Bradykinin acetate  ≥ 98% Sigma-Aldrich GmbH  

n-Butanol  ≥ 99% Merck KGaA  

Dichloromethane 99.9% Sigma-Aldrich GmbH  

Diethyl ether  ≥ 99.5% Merck KGaA  

Ethanol absolute 99.9% Merck KGaA  

Ethyl acetate 99.8% Merck KGaA  

Folin-Ciocalteau’s phenol 

reagent  

2 N Sigma-Aldrich GmbH  

Formic acid  ≥ 99 - 100% Merck KGaA  

Gallic acid  ≥ 97% Sigma-Aldrich GmbH  

Gallic acid methyl ester ≥ 97% Sigma-Aldrich GmbH 

Helium gas 5.0 > 99.999 Messer GmbH (Gumpoldskirchen, 

Austria) 

Hydrochloric acid (HCl)  37% Sigma-Aldrich GmbH  

HyperSep C18 SPE cartridge 

(50mg) 

-- Thermo Scientific (Germany) 

Methanol 99.9% Gatt-Koller (Absam-Eichat, Austria) 

n-Hexane ≥ 97% Sigma-Aldrich GmbH  

Nitric acid  65% Fluka   

Nitrogen gas 5.0 > 99.999 Messer GmbH  
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Oasis HLB pre-packed SPE 

cartridges (30 mg)  

-- Waters Corporation (Milford, Mass 

USA) 

Petroleum ether (b.p.50 – 70 °C) Reagent grade Sigma-Aldrich GmbH  

Polyamide 6, grain size 50-160 

m 

-- Fluka (Germany) 

Primulae radix (BNO 12703)   Bionorica AG (Neumarkt/Oberpfalz, 

Germany) 

Sephadex LH-20 , grain size 25-

100 m  

 Fluka (Germany) 

Silica gel, pore size 1000 Å, 

particle size 35-70 μm   

-- Grace Vydac (Columbia, MD, USA) 

Silica gel TLC plates 20 x 20 cm -- Merck KGaA  

Sodium carbonate (anhydrous) ≥ 99.5% Fluka (Buchs, Switzerland) 

Sep-Pak C18 SPE cartridge  Waters Corporation (Milford, Mass 

USA) 

Strata-X pre-packed SPE 

cartridges (30 mg)  

-- Phenomenex Inc. (Torrance, USA) 

Sodium bicarbonate 99.5% Sigma-Aldrich GmbH  

Sodium borohydride (NaBH4) 96% Merck KGaA  

Sulphuric acid  95 - 98% Merck KGaA  

Tetrahydrofuran (THF) ≥ 99.9% Merck KGaA  

Water  -- Purified by a Nano Pure-unit 

(Branstead, Boston, MA, USA) 
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12.2 Instruments / Apparatus  

Instruments / Apparatus Detail 

HPLC-PDA-MS LC System: Degasser unit (Model G1379B), a quaternary 

pump (Model G1354A), an autoinjector (Model G2260A), a 

column thermostat (Model G1316A), diode array detector 

(DAD, Model G1315D), mass spectrometric system (Model 

G6130AA) coupled via an electrospray interface (ESI), 

Agilent (Waldbronn, Germany).  A nitrogen generator (N2 

LCMS, Claind, Lenno, Italy) was used for nitrogen supply. 

Online data analysis was performed using (Agilent LC/MSD 

ChemStation, version B.04.01 SP1) software was used for 

interpretation of recorded data. 

HPLC-MS LC system coupled to an ion trap mass spectrometer (LCQ, 

Thermo Finnigan) was used. 

LC System: a degasser (Flux Instruments, Basel 

Switzerland), an injection port (VICI, E36-230) and a 

solvent delivery pump (Rheos 2000 Flux Instruments) and 

an auto-sampler (CTC Analytics, Switzerland). Solvent flow 

was controlled by Janeiro II-2.1 (version 2.0). Xcalibur 

(version 1.3) was used to control LCQ-ESI-MS. 

MALDI-TOF-MS Ultraflex MALDI TOF/TOF, Bruker Daltonics, Bremen, 

Germany. Flux Control software for system control and 

online data analysis and Flux Data Analysis for off line data 

analysis was used. 

UV-Vis Spectrophotometer U-2000 Spectrophotometer, Hitachi 

pH meter MultiLab 450 

Balance  AB 184-A3, Mettler Toledo 

Balance  AX 205 Delta Range, Mettler Toledo 

Micro wave Digestion unit High performance microwave digestion unit and and a 

degasser EM – 30 exhaust module mls 1200 mega, MLS 

GmbH Germany 

Centrifuge machine  Eppendorf 5415D, AG Hamburg, Germany 
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Centrifuge machine  Z400K, HERMLE Labortechnik GmbH 

Rotary Speed Vacuum 

Evaporator 

Eppendorf Concentrator (Model 5301 Eppendorf AG, 

Germany) 

Thermomixer Eppendorf 

Carousel Reaction Station Six place heating carousel reaction station with RCT basic 

stirring hot plat and ETS-D4 fuzzy digital temperature 

controller from IKA Labortechnik 

Ultrasonic water bath Bandelin Sonorex Super RK 510H 

Water distillation unit Nano Pure-unit (Branstead, Boston, MA, USA) 

MALDI steel target MTP 384 target ground steel TF, Bruker Daltonics 

Retsch mill ZM 200 from Retsch 

 

12.3 Sample preparation for MALDI-MS 

A 0.500 sample of  Primula radix was extracted with 20 ml and then with 10 ml of  

methanol (70%, pH 6.5) by sonication at 30 0C  for 15 min and centrifugation for 10 min at 

3000 rpm. The sediment was then extracted with 10 ml of methanol in an ultrasonic water 

bath at 30 0C for 15 min. The resulting filtrate were collected and extracted with pet. ether (3 

× 30 ml). The extract was dried under vacuum and redissolved in 1 ml of 50% methanol. This 

extract was adsorbed on polyamide column by mixing 0.5 g of Polyamide 6, grain size 50-

160 m (Fluka, Germany) and 25 ml methanol. This mixture was poured into a CC which 

was an empty cartridge of 5 ml. The column was eluted twice with 7ml methanol (70%, pH 

6.5), yielded P1 and P2 fractions. Fraction P2 was dried under vacuum, redissolve in 0.5ml 

ethanol and adsorbed on Sephadex LH-20 column prepared by mixing 1 g Sephadex LH-20 , 

grain size 25-100 m ( Fluka, Germany , packed in Switzerland) with ethanol previous day. 

This gel was poured into CC (5ml empty cartridge with disc) and eluted by 10 ml ethanol 

resulted in fraction S1. Fraction S1 was combined with P1 dried under vacuum, redissolved 

in 5 ml water [1-2]. 0.5 ml of this neutral solution was loaded onto Sep-Pak C18 SPE 

cartridge, HyperSep C18 cartridge, Oasis HLB polymeric SPE cartridge, Strata-X polymeric 

SPE cartridge, preconditioned with 2ml methanol and 10% methanol. For required 

compounds the cartridges were eluted with 10 ml water (pH 7) [3]. This solution was dried 

and redissolved in 1ml water (Scheme 12.1). 
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P1 P2

S1

P1+ S1

0.500g milled plant

Extraction
MeOH-H2O (7:3) 20ml + 10ml

100% MeOH 10ml + 5ml, combined

petroleum ether 3 × 30ml

Crude extract

Polyamide 6

100% MeOH                100% MeOH
      7ml                                7ml

Sephadex LH-20

100% EtOH
            10ml

  Sep-Pak C18 SPE cartridge        Hyper Sep C18 cartridge        Oasis HLB polymric SPE cartridge         Strata-X polymeric SPE cartridge

100% H2O
10ml

100% H2O
10ml

100% H2O
10ml

100% H2O
10ml

Phenolic carboxylic acid
 

Scheme 12.1. A fractionation protocol performed to purify primula radix extract prior 

characterization via mf-MELDI-MS. P1 and P2 are fractions from the Polyamide column (0.5 

g). S1 fraction from the Sephadex LH-20 column (1 g). 
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12.3.1 mf-MELDI analysis: 

A thin layer of MELDI material was applied on MALDI target and dried, afterwards 1 

l of the extract was applied on the thin layer and analysed by MALDI-MS. 

12.4 Total polyphenol content and optimization of extraction methods  

   

Optimization of extraction method for total polyphenol content by reflux and 

microwave assisted extraction of Primulae radix (grind powder) in different solvents was 

performed. Solvents used were water, 100% ethanol, 100% methanol, 50% ethanol and 50% 

methanol. 

12.4.1 Reflux extraction 

Primulae radix plant material was grinded using a centrifugal mill (Retsch® ZM 200, 

Verder GmbH, Austria). Powdered Primulae samples were extracted by suspending approx. 

0.5 g in 10 ml of different solvents as described in section 2.2. The samples were extracted 

under reflux condition for 2 hrs [4] with continuous magnetic stirring. All extracts were 

collected and allowed to cool at room temperature. A 1 ml aliquot was transferred in an 

Eppendorf vial and centrifuged (Eppendorf AG; Hamburg, Germany) at 13200 rpm for 5 

min. Supernatant was dried under vacuum using Eppendorf concentrator 5301 (Eppendorf 

AG, Hamburg, Germany) and stored at -18 oC for further work. 

12.4.2 Microwave assisted extraction (MAE) 

Powdered Primulae radix samples were extracted by combining approx. 0.5 g in 10 

ml of different solvents as described in section 2.2 by microwave radiation (1200 Mega 40 

instrument, MLS GmbH Leutkirch, Germany) consisting of a degassing unit, a rotor block 

(HPR 1000/6M), holding six pressure stable containers for samples and an oven. Extraction 

was carried out at 120 W for 5 min, ending with a ventilation time of 5 min. The further 

treatment of samples was the same as described in section 12.4.1.  
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12.4.3 Quantification of total polyphenol content 

12.4.3.1 Preparation of standards 

The stock standard solution of gallic acid was prepared in concentration 100 g/ml by 

dissolving 10 mg of gallic acid in 100 ml water. Working standards were prepared by serial 

dilutions of stock solution to 75, 50, 25 and 10 g/ml in water 

12.4.3.2 Folin-Ciocalteu assay 

The total polyphenol content (TPC) of Primulae radix extracts were determined by 

Folin-Ciocalteu assay, using gallic acid as an external standard, according to the method 

described by Singleton et al. with some modifications [5-6]. 1.0 ml of each standard solution, 

sample extract and blank were transferred individually to a test tube and 5.0 ml of diluted 

Folin-Ciocalteu reagent (1/10 dilution in water) were added and thoroughly mixed. After 5 

min, 4 ml of sodium carbonate solution (7.5% w/v in water) were added. The tubes were 

covered and then allowed to stand at ambient temperature for 2 hrs and kept away from 

strong light. Absorbance was measured at 740 nm using a UV Spectrophotometer (Perkin-

Elmer, Germany). An average value of absorbance was interpolated in a gallic acid 

calibration curve for three readings which are then expressed as mg of gallic acid per g of dry 

sample [7]. 

12.5 Sample preparation for HPLC-ESI-MS analyses 

12.5.1 SPE 

SPE of 50% ethanol microwave assisted extract of Primulae radix was carried out as 

follows: 

Cartridge was conditioned with 2 ml MeOH and 2 ml eluent A (0.1% HCOOH in 

100% water) by applying gauge pressure. 0.5 ml Primulae radix extract was applied on 

Strata- X 1cc SPE cartridge. 1 ml eluent A is used to wash the cartridge and dried under the 

stream of nitrogen for 5 min at 1.5 bars of a pressure. Elution was carried out with 1 ml 

MeOH and evaporated to dryness with nitrogen at 25 oC. The residue was redissolved in 1 ml 

50% MeOH and used for HPLC analysis. 
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12.6 HPLC coupled to DAD and ESI-MS 

 The HPLC-DAD-ESI-MS system from Agilent (Waldbronn, Germany)  consisted of a 

degasser (Model G1379B), an autoinjector (Model G2260A), a quaternary pump (Model 

G1354A), a column thermostat (Model G1316A), a diode array detector (DAD, Model 

G1315D) and a mass spectrometric system (Model G6130AA) coupled via an electrospray 

interface (ESI). The instrument was controlled by manufacturers software package (Agilent 

LC/MSD ChemStation, version B.04.01 SP1). A Prontosil 120-5-C18-H column (250 mm × 

4.6 mm ID, 5.0 µm) (Bischoff Chromatography, Leonberg, Germany) was used. The mobile 

phase consisted of (A) 0.1% HCOOH in water; and (B) ACN. Gradient elution was achieved 

by increasing percentage of solvent (B): 0 min 5% B, 5 min 5% B, 35 min 50% B, 37 min 

100% B, 42 min 100% B and 42.1 to 47 min 5% B for washing the column. The flow rate 

was 0.7 ml/min at 25 °C. The volume injected was 20 l. Detection was performed at 254 nm 

with storage of every second spectrum from 190 to 400 nm. 

  MS scan range was from m/z 50 to 500 in both positive and negative mode. Source 

current: 0.12  capillary voltage: 4000 V for positive and 3000 V for negative mode, 

drying gas: 350 °C, 12 l/min; nebulizer gas pressure: 40 psi; fragmentation voltage: 70 V. 

The fragmentation pattern of SA and its derivatives were identical as described in the 

literature [8-10]. Experimentally observed parent and daughter ions of SA, GA, GAME and 

3,4-DHBA were as: SA: m/z = 137 (100%), 93 (12); 3,4-DHBA: m/z = 153 (100), 109 (8); 

GA: m/z = 169 (100), 125 (4); GAME: m/z = 183 (100). 

12.7 Optimization and validation of SPE-method 

12.7.1 Standard calibration sample preparations 

 Standard stock solutions of SA, 3,4-DHBA, GA, and GAME of 10 mg/ml 

concentration were prepared in 50% methanol and stored at -18 oC. The working solutions 

were prepared by dilution with 50% methanol and used for calibrations.  

12.7.2 Calibration curves  

Calibration curves were obtained by applying linear regression analysis in the range 

of 2.5 to 5000 ng/ml for all analytes. Absolute recoveries for SA, 3,4-DHBA, GA, and 

GAME were determined using external calibration curves at five different concentrations 

(SA, 3,4-DHBA, GA and GAME: 2.5, 25, 250, 2500, 5000 ng/ml respectively).  
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