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ABSTRACT 

The current investigation was aimed at the utilization of Pongamia pinnata L. seeds as a 

gold mine for procuring medicinally important products with diverse pharmacological 

properties. It also deals with the development of novel methods for the isolation and 

characterization of compounds from the seed oil. Structural elucidation was carried out 

via HRMS, FTIR, XRD, NMR, Raman spectroscopy and thermogravimetric studies. 

Density functional theory (DFT) has also been used to calculate vibrational spectra of 

isolated compounds (Karanjin and Glabrin) with sufficiently high accuracy. The 

photophysical property of Karanjin in different microenvironments was also studied as a 

function of the solvatochromic parameters. The physicochemical parameters of the 

compound were determined by in silico drug-likeness property, and molecular docking 

against bacteria revealed their potential as highly functionalized and medicinally useful 

compounds. The potency of seed crude extracts and purified compounds were assessed 

against pathogenic indicators. The antibacterial action was evaluated by multiparametric 

flow cytometry, supported by Raman scattering, cell leakage analysis and FESEM 

imaging that revealed complex patterns of probable cell wall leakage and cell disruption. 

Current work gave additional scientific support to the mode of antibacterial action of 

Karanjin and Glabrin as depicted using fluorescent probes indicating its utility as a 

potential pharmacophore. 
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Chapter 1 

Introduction  

Medicinal plants are an important source of traditional medicine and remedy to cure 

various human health problems. Plant-based traditional medicines are gaining popularity 

due to its availability (Taylor, 2013) and lesser side effects (Philomena, 2011; 

Kazemipoor et al., 2012). Medicinal plants have played a leading role in providing drugs 

or template for drugs and have been an important part of ancient traditional medicine 

system such as Chinese, Ayurveda, and Egyptian, many of which are still in use even 

today. Approximately 25% of modern medicine and 75% of new drugs developed 

against infectious diseases originate from natural sources (Bedoya et al., 2009; Clardy 

and Walsh, 2004; Newman and Cragg, 2007) and are inspired by natural product 

chemistry due to its great diversity of chemical scaffolds. Mostly, natural products are 

secondary metabolites produced besides the primary biosynthetic and metabolic routes 

associated with plant growth and development and are capable of eliciting 

pharmacological and toxicological effects in man and animals. According to earlier 

reports, only 6% of existing plant species have been investigated pharmacologically and 

only 15% phytochemically so far (Verpoorte, 2000; Fabricant and Farnsworth, 2001; 

Cragg and Newman, 2013). Less than 10% of the world’s total biodiversity has been 

evaluated for different biological activities; however, many natural compounds are still 

unexplored due to the difficulties involved with large-scale extraction (Cragg and 

Newman, 2005). Advanced spectroscopic and analytical techniques are used in the 

natural product drug discovery for understanding its complex chemical structure. It also 

improves the speed of compound isolation and structure elucidation process and also 

addresses the suitability and specificity of the biological activity of natural products. 
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Therefore, ethnopharmacological knowledge has promoted further investigation of plant-

based secondary metabolites with potential pharmacological effect to enhance the 

probability of success in the new drug-finding process. 

Many research groups have investigated Leguminaceae or Fabaceae due to its 

versatile nature and high medicinal value. Legumes are known for their nitrogen-fixing 

ability and repository for vast variety of secondary metabolites. The main metabolites of 

legume include alkaloids (Yasuda et al., 2002), terpenoids (Saleem, 2009), flavonoids 

(Balabhadrapathruni et al., 2000; Horn-Ross et al., 2002), tannins (Molan et al., 2000), 

non-protein amino acids (Bergan et al., 2001) etc., exhibiting biological and 

pharmacological effects. 

Pongamia pinnata (L.) Pierre (Synonyms: Indian Beech Tree, Honge Tree, 

Pongam Tree, Millettia pinnata, Derris indica, Pongamia glabra) is an important 

pioneer of second-generation sustainable biofuel crop due to its high oil content in seeds 

(Scott et al., 2008; Kesari and Rangan, 2010). It is a perennial multipurpose legume 

which grows on marginal land attributed with the nitrogen-fixing capability (Calica, 

2017) and pharmacological properties (Muthu et al., 2006). All parts of this plant have 

been frequently used as traditional medicine in the treatment and prevention of various 

infectious diseases. Pongamia seed oil is used to treat diseases such as scabies, leprosy, 

pile, ulcer, chronic fever, lever pain, and lumbago. Pharmacological studies have 

revealed that various types of preparation, extracts, and single compound of Pongamia 

exhibits broad spectrum of biological activities such as antioxidant, antimicrobial, anti-

inflammatory, and anti-diabetic, etc (Al Muqurrabun et al., 2013).  

Therefore, the present study was undertaken with the objective to isolate organic 

solvent extracts from seeds of candidate plus tree (CPT) of P. pinnata followed by 

isolation, purification and structural characterization of useful compound(s). Structure 
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and photophysical property of the compounds were investigated in different 

microenvironments. Further, the efficacy of the crude extracts and purified compounds 

were studied towards antibacterial activity in the perspective of herbal therapeutics. 
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1.1. Objectives 

The present study involves the isolation and structural characterization of compound(s) 

from seeds of candidate plus tree (CPT) of P. pinnata based on the background study, its 

role and importance in medicinal and therapeutic applications. Solvents with different 

dielectric constants were used to investigate the photophysical properties of the 

compound. Changes in UV-Visible spectra, fluorescence emission, and fluorescence 

mean lifetime as a function of the solvatochromic parameters were also studied. Further, 

the biological efficacy of the compounds towards the development of herbal therapeutics 

was investigated. The specific objectives are: 

 

1) Extraction, isolation, and purification of compounds from the seeds of P. 

pinnata. 

2) Structural characterization of compounds and correlation of its vibrational 

assignment with density functional theory (DFT). 

3) UV-Visible absorbance and fluorescence spectra of Karanjin in different 

solvents and solvent mixture. 

4) Bioactivity of crude extract and purified compounds against bacteria. 
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Chapter 2 

Literature Review  

2.1. Introduction  

Plant-based medicine is the principal source of the drug in different traditional medicinal 

system that has been passed orally from generation to generation. The World Health 

Organization (WHO) has estimated that over 65% of the world's population still depends 

on the plant product as curative agent to improve the health (Cragg et al., 2009). In 

Europe and North America, the knowledge of traditional healing system has led to an 

increasing interest in herbal medicine (Tyler, 2000). These herbal medicine has been 

incorporated into so-called „alternative,‟ „complementary,‟ „holistic‟ medical system and 

also called as „phytomedicine‟. In India, about 70% of the modern drugs are from natural 

resources, and many synthetic analogs have been prepared from the prototype inspired 

from the plant (Sen et al., 2011; Pan et al., 2014). 

Advancement in chemical analysis has allowed researchers to extract and modify 

active ingredients from plants. The efficacy and effectiveness of these products have 

been demonstrated using modern technological and scientific tools which have aided in 

the treatment of various acute and chronic infectious diseases. Therefore, the search for 

novel therapeutic agent continues for an effective medication for treating/curing deadly 

diseases either by direct therapeutic effect after semisynthetic modification or by new 

synthesis of chemicals based on the natural product model. Natural products from 

medicinal plants are hub of structurally diverse array of pharmacologically active 

compounds that have proved to be indispensable for the cure of deadly diseases or as 

lead structure for novel pharmaceuticals (Newmann et al., 2000). 
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2.2. History of herbal medicine 

History of medicine dates back practically to the existence of human civilization. Human 

has always been dependent on the natural resources especially plants for their primary 

healthcare. This knowledge of herbal medicine for curing ailments or disease has been 

passed orally through generations. Historically, majority of new drugs have been 

synthesized or inspired by natural products due to their excellent chemical scaffold.  

One of the earliest record of medical documents „Papyrus Ebers‟ wrote by 

Egyptians around 1500 BC, documented around 700 plant-based remedies (Table 2.1). 

A similar record of herbal study „Shennong Bencaojing‟ was written by the Chinese 

Emperor Shen Nong around 2000 BC, contains information about 300 plants. 

Before the 20
th

 century, crude extract of plants, animals, and minerals represented 

the only medication available to treat human and domestic animal illness. With 

advancement in the field of chemistry, plants were intensively examined for their utility 

aspect as it relates to medicines (Phillipson, 2001). In 1804, „morphine‟ was purified 

from opium by Serturner and found that it has analgesic and sedative effects (Lockemann 

and Serturner, 1951). After this discovery, other scientists started to seek “active 

principles” of medicinal plants. Two French scientists, Caventou and Pelletier isolated 

quinine from Cinchona bark or Peruvian bark in 1820 and made a notable breakthrough 

in the history of herbal medicine (Borchardt, 1996). Subsequent years later, scientists 

discovered narcotine (1817), caffeine (1821) and atropine (1831).  
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Table 2.1 History of natural product medicine (Source: Sarkar et al., 2006). 

Period Type Description 

>3000 BC 
Ayurveda Chinese 

Traditional Medicine 

Introduced medicinal properties of plant and other 

natural products 

1550 BC Ebers Papyrus 
Present a large number of crude drug from natural 

sources (e.g., castor seeds and gum Arabic) 

460-377 BC Hippocrates  
Describe several plants and animals that can be the 

source of medicine 

370-287 BC Theophrastus 
Describe several plants and animals that can be the 

source of medicine 

23-79 AD Pliny the Elder 
Describe several plants and animals that can be the 

source of medicine 

60-80 AD Dioscorides 
Describe several plants and animals that can be the 

source of medicine 

131-200 AD Galen 
Practiced botanical medicine (Galenicals) and made 

them popular in the west 

15
th
 Century Krauterbuch  Presented information and pictures of medicinal plants 

 

The structural elucidation and characterization of natural products geared up after 

morphine structure was determined in 1923 (Gulland and Robinson, 1923), quinine's 

structure in 1908 (Rabe, 1908) and cocaine in 1898 (Willstatter and Muller, 1898). In 

1956, morphine was first synthesized by Gates and Tschudi and encouraged other 

scientist towards the synthesis of natural products (Gates and Tschudi, 1956). The 20
th

 

century has revolutionized entirely the idea of using the extracts as drug and target 

mediated by specific interactions with biological macromolecules. It has led the 

scientists to conclude that individual active compound in extract are responsible for 

biological activity of the drug (Lahlou, 2013). This concept eventually led to the 

beginning of a new era in pharmacology that is to use the pure isolated chemical towards 

treatment of diseases. 

Several plant-based natural products have been isolated after the onset of World War 

II and are found to be promising till date. Few notable were the discovery of „reserpine‟ 

from Rauwolfia serpentina roots (used as a potent tranquilizer), anticancer drug 
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„vinblastin‟ and „vincristine‟ from Catharanthus roseus (Phillipsons, 2001). Other 

remarkable achievements were the discovery of „Camptothecin‟ and „Taxol‟ which are 

regarded as lifesaving drugs in cancer therapy (Oberlies and Kroll, 2004). Many natural 

products and their derivatives are still in use to combat various infectious and non-

infectious diseases and are regarded as potent antibacterial, anticancerous agents (Butler, 

2008; Newman and Cragg, 2012). 

2.3. The downfall in herbal drug research 

Crude extracts obtained from various parts of the plant are fractionated to isolate main 

active ingredients and tested for their biological activity. Bioassays can be conducted at 

multiple steps during the entire procedure. Regardless of several achievement and 

advancement, natural product drug discovery is rather time-consuming, tedious and 

laborious. Other factors that hinder the progress are instability of compounds, separation, 

and unreliability of bioassay (Beutler, 2009). These problems have indeed reduced the 

scope of drug discovery by mainstream pharmaceutical companies. Loss of interest by 

pharmaceutical companies has led to the downfall of plant-based drug discovery. 

However, with the emergence of microbial resistance and continuous advancement in 

analytical techniques, plant-based natural products have attracted attention and gaining 

popularity due to its fewer side effects and flexibility of their chemical structures. 

Several alternative approaches such as high throughput screening of compounds or 

combinatorial techniques are also being explored in efforts to improve the extraction 

speed and efficiency in natural products drug discovery (Ertl et al., 2008). 

2.4. Plant secondary metabolites 

The plant kingdom has a vast diversity of bioactive compounds that are the primary 

sources of various therapeutic or pharmacologically active agent for combating different 

TH-2041_126106009



Chapter 2|9 

 

infectious disease (Clardy and Walsh, 2004; Newman and Cragg, 2007). Plant 

synthesizes both primary and secondary metabolites to cope and sustain in different 

environmental conditions. Primary metabolites are compounds produced by the plant, 

such as, amino acid, nucleic acid, lipid, etc that are directly involved in its growth and 

development. On the other hand, secondary metabolites are regarded as products of 

biochemical processes capable of eliciting pharmacological and toxicological effects in 

living organism. Important functions of secondary metabolite produced by plants are: 

1. Protection against biotic (predators or pathogens) and combating abiotic stress 

(UV radiation, physical or chemical barrier, etc.) 

2. Endogenous regulators of plant growth hormone 

3. Commercial purposes (dyes, essential oil, flavoring agent, pesticide, 

pharmaceutical, tanning agent, perfume or cosmetic item, etc.) 

Based on their biosynthetic origin, secondary metabolites have been classified 

into three major categories as shown in Figure 2.1. 

 

Figure 2.1 different classes of plant secondary metabolites. 
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2.4.1. Terpenoids: Terpenoids constitute the largest class of plant secondary metabolites 

and have garnered a lot of attention because of their important physiological function 

(i.e., hormone, aliphatic membrane anchor, membrane structure stabilization, etc), and 

for ecological role (i.e., defense, insect/animal attractant) (Kempinski et al., 2015). 

Besides, the role of terpenoids in pharmaceutical sector and industry is well known (i.e., 

flavors, fragrance, and medicines) (Schwab et al., 2008; Niehaus et al., 2011; Shelar, 

2011).  

2.4.2. Phenolic compounds: Plants produce a variety of secondary compounds that are 

naturally occurring phenolic compounds, occurring both in free state and as glycosides. 

The diverse functions include their role in plant physiology, protection against stress and 

structural integrity (Bhattacharya et al., 2010). Subcategories of plant phenolic 

compounds are colored pigments (i.e., carotenoid and flavonoid) and phenolic polymers 

(i.e., phenolic acid, lignin, and tannin). Flavonoids are naturally occurring polyphenolic 

compounds that are an integral part of the plant defense mechanism. They are secondary 

metabolites, which share a common carbon skeleton of diphenylpropanes (C6-C3-C6). 

The carbon skeleton includes two aromatic carbon ring, a benzopyran, and the benzene 

ring. Furthermore, based on the degree of oxidation of the benzopyran ring, the 

hydroxylation pattern of the ring structure and substitution in the 3-position, flavonoids 

are further divided into 6 subgroups, namely the flavone, flavan-3-ol, flavon-3-ol, 

flavanone, isoflavone, and anthocyanidin (Pandey and Kumar, 2013). Flavonoids are 

widely distributed secondary metabolites with different metabolic functions in plant. It 

act as signal molecule (Peer and Murphy, 2006), phytoalexins (McNally et al., 2003), 

detoxifying agents (Michalak, 2006), stimulants for germination of spores (Bagga and 

Straney, 2000), in seed germination (Shirley, 1998), as UV-filters (Lanot and Morris, 

2005), towards temperature acclimatization (Kaplan et al., 2004), in  drought  resistance  
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(Hernandez et al., 2004), as pollinator attractants (Iwashina, 2003) and allelochemical 

agents (Duke, 2007) among many others. 

Flavonoids are generally photochemically inert as indicated by their reported use 

as photosensitizers, photoquenchers and ultraviolet absorption filters (Monici et al., 

1993). The backbone polyphenol structure of flavonoids makes them very sensitive to 

changes in their surroundings, thereby, altering the solubility, hydrophobicity, and 

spectroscopic properties of the compound and leading to changes in their biological 

activity. Molecular structure like planarity, rigidity, conjugation, substituent, etc also 

play an essential role in the absorption and emission behavior of the flavonoids and 

control its photophysical properties in the ground as well as excited state (Voicescu et 

al., 2014).  

2.4.3. Nitrogen-containing alkaloids and sulfur-containing compounds: A large 

variety of plant secondary metabolites have nitrogen as part of their structure. Nitrogen-

containing compounds are mainly derived from amino acids like tyrosine, lysine, 

tryptophan and aspartic acid; impart defensive role against herbivores and pathogen 

attack (Summons et al., 2006). Included in this category are well-known as alkaloids and 

cyanogenic glycosides. Alkaloids are used as narcotic, in pharmaceutical industry, and as 

poison (Hesse, 2002). Commonly used plant-derived alkaloids as drug include 

vincristine, vinblastine, and camptothecin used as anticancer; morphine and codeine as 

analgesic and scopolamine as a sedative (Crozier et al., 2010). Moreover, many plants 

also contain unusual amino acids, called non-protein amino acids for defense purpose. 

Over 250 non-protein amino acids have been identified in the plant kingdom and are 

noteworthy in many ways as an intermediate in biosynthetic pathway and for their role as 

a pharmacological compound (Swain, 1977). For example, L-5-hydroxytryptophan is the 

precursor of serotonin in the human brain, and accounts for 14% of dry seed weight 

TH-2041_126106009



Chapter 2|12 

 

obtained from Griffonia species (Bell and Fellows, 1966; Bell et al., 1976). Similarly, L-

3,4-dihydroxyphenylalanine (L-DOPA) serves as a precursor of dopamine in the brain 

and constitute about 6-9% of the dry seed weight of Mucuna pruriens. It has been widely 

used as a drug for the treatment of Parkinson‟s disease (Damodaran and Ramaswamy, 

1937). L-Homoarginine (2-amino-6-guanidinohexanoic acid) is isolated from Lathyrus 

species (Bell, 1962; Rao et al., 1963) and its identical synthetic compound is used as a 

substrate for rat liver arginase (Stevens and Bush, 1950). About 42 non-protein amino 

acids have been isolated from Vicieae species (Lambein et al., 1990). 

 Sulfur-containing secondary metabolites are rather unusual plant constituents. 

They play an important role in plant-pest interactions and constitute a major chemical 

defense in the plant belonging to Brassicaceae, Alliaceae, and Asteraceae family (Halkier 

and Gershenzon, 2006). Brassicaceae plants have evolved the ability to synthesize a wide 

range of sulfur-containing secondary metabolites, including glucosinolates and indole-

type phytoalexins (Bednarek, 2012). Allium sativum (garlic) is widely known for its 

sulfur-containing component endowed with health-promoting benefits, and its medicinal 

properties known since ancient time (Venditti and Bianco, 2018). Typical example of 

sulfur-containing secondary metabolite is thiophenes from Tagetes species that exhibit a 

wide range of antimicrobial and antiherbivore activities (Wink, 2015). 

2.5. Flavonoids and their biological activity 

Various studies have shown that flavonoids exhibit a wide range of biological and 

pharmacological activities such as anti-oxidant (Pietta, 2000), antibacterial (Kanwal et 

al., 2015), anti-cancer (Kandaswami et al., 2005), anti-inflammatory (Pan et al., 2014), 

anti-hyperglycemic (Akansha et al., 2010), anti-viral (Vargas et al., 2015), 
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hepatoprotective activity (Tapas et al., 2008), etc. Table 2.2 shows various flavonoids 

isolated from different plants capable of eliciting pharmacological action.  
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Table 2.2 Flavonoids isolated from different plants.  

Plant Compound Biological activity Reference 

Rosa sempervirens 
quercetin, quercetin-3-rhamnoside, quercetin-3-xyloside and 

quercetin-3-galactoside 

Antioxidant activity 

Antibacterial activity 
Bitis et al., 2017 

Rosa agrestis 

diosmetin, kaempherol, quercetin, kaempherol 3-glucoside, 

quercetin 3-rhamnoside, quercetin 3-xyloside and quercetin 3-

galactoside 

Antioxidant activity 

 
Bitis et al., 2010 

Chrysanthemum morifolium Diosmetin 
Anticancer activity 

 

Androutsopoulos et al., 2009; Androutsopoulos et al., 2013; 

Liu et al., 2016 

Dianthus versicolor Diosmetin Treatment of liver problems Obmann et al., 2011 

Ampelopsis grossedentata Dihydromyricetin Anticancer activity Wu et al., 2013 

Xylosma longifolium kaempferol-3β-xylopyranoside-4'-α-rhamnoside Antibacterial activity Parveen M, Ghalib, 2012 

Malus sylvestris Phloretin Antibacterial activity Hunter and Hull, 1993 

Camellia sinensis  Theaflavin Antibacterial activity Vijaya et al., 1995 

Camellia sinensis Catechins Antiviral activity Keating and O‟Kennedy, 1997 

Millettia thonningii Alpinumisoflavone Anthelmintic activity Perrett et al., 1995 

Podocarpus nagi Totarol Antibacterial activity Kubo et al., 1994 

Swertia franchetiana Swertifrancheside Antiviral activity Pengsuparp et al., 1995 

Passiflora caerulea 5,7-dihydroxyflavone Antiviral activity Critchfield et al., 1996; Mani and Natesan, 2018 

Passiflora caerulea Chrysin Anticancerous activity 
Karthikeyan, 2013; Yu et al., 2013; Liu et al., 2013; Yang et 

al., 2014; Lirdprapamongkol et al., 2013; Kasala et al., 2016 

Passiflora caerulea Chrysin Antiinflammatory activity Cho et al., 2004; Rehman et al., 2014 

Passiflora caerulea Chrysin Antioxidant activity Woodman and Chan, 2004 

Passiflora caerulea Chrysin Antiproliferative activity Lo et al., 2012 

Passiflora caerulea Chrysin Neuroprotective Mehri et al., 2014; Zhang et al., 2015; Souza et al., 2015 

Passiflora caerulea Chrysin Antidiabetic Rani et al., 2016 

Justicia wynaadensis 3,3′,4′-Trihydroxyflavone Antibacterial activity Dsouza and Braz, 2018 

Myristica fragrans 3′,4′,7-trihydroxyflavone Antibacterial activity Dzotam et al., 2018 

Morus mongolica Morusin Antinociceptive activity Chi et al., 2001; Cheon et al., 2000 

Theobroma cacao (-)-epicatechin and (+)-catechin Immunomodulatory activity Ramiro et al., 2005 

Waltheria indica (-)-epicatechin, quercetin, and tiliroside Anti-inflammatory activity Rao et al., 2005 

Caesalpinia pulcherrima 2´-hydroxy-2, 3, 4´, 6´- tetramethoxy chalcone Immunomodulatory activity Madagundi et al., 2012 
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2.6. Identification and structural elucidation of bioactive compounds 

The premier step to study natural product chemistry from plant resources are isolation, 

characterization and biological evaluation of bioactive compounds. Study of natural 

products and therapeutic drug design has encouraged the development of separation 

techniques and spectroscopic approaches for structure elucidation. Mainstream analytical 

methods used by the researchers for elucidation and characterization of compounds 

mainly involve spectroscopic and chromatographic techniques (Sasidharan et al., 2011). 

Compound from natural sources can absorb light due to its molecular structure which can 

be studied by spectroscopic techniques such as UV-Visible spectroscopy, fluorescence 

spectroscopy, mass spectrometry, vibrational spectroscopy, nuclear magnetic resonance 

(NMR). Compound with crystalline nature is often subjected to X-ray diffraction (XRD) 

technique for determination of its absolute configuration (Kong and Wang, 2013). 

Therefore, spectroscopy is a powerful technique to analyze, identify and characterize 

compound at the molecular and atomic level. 

2.7. Leguminaceae (Fabaceae) 

Fabaceae (peas or bean) is the third largest land plant family and easily recognized by 

their characteristic flower, fruit (legume) and their alternate compound stipulated leaves. 

Legumes also act as a host for Rhizobium for efficient nitrogen fixation. Legumes are 

economically and culturally important plants due to their extraordinary diversity and 

abundance. They also provide wood resource and dye, resin, insecticide, fibre, fodder, 

etc (Isely, 1982). They are well-known as edible crops and for the chemical compound 

with medicinal property (Graham and Vance, 2003). With regard to medicinal use, 

variety of chemically active constituents, such as tannin, flavonoid, alkaloid, and terpene 

often found in members of this family. These secondary metabolites are chemical with a 
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high level of biological activity and are used extensively in the treatment of a wide 

variety of human ailments. 

2.8. Pongamia pinnata  

Pongamia pinnata (L.) Pierre (Synonyms: Indian Beech Tree, Honge Tree, Pongam 

Tree, Millettia pinnata, Cytisus pinnatus L, Derris indica, Pongamia glabra) is a 

perennial multipurpose legume with the nitrogen-fixing capability and medicinal 

properties. The plant is native to India and can be grown on marginal land with no direct 

competition with the food crops. It can thrive in areas having an annual rainfall ranging 

from 500 to 2500 mm and the maximum temperature range from 27°C to 38°C and 

minimum 1°C to 16°C (Sangwan et al., 2010). Mature trees can withstand waterlogging, 

slight frost, and high salinity. It is used to control soil erosion and binding dunes because 

of its dense network of lateral roots and thick long tap root making it drought tolerant. It 

is well known for its high seed oil, and almost all the plant parts are widely used for 

various purposes (Figure 2.2). Pongamia can be successfully propagated through seeds 

and cuttings (Handa et al., 2005; Singh et al., 2005; Kesari et al., 2010). The viability of 

the seed is up to one year. 
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Figure 2.2 Important uses of Pongamia pinnata. 

Historically, Pongamia has been used as a folk medicinal plant, particularly in 

Ayurveda and Siddha system of Indian medicine. All parts of this plant have been used 

to treat various diseases as listed in Table 2.3 and Table 2.4. Due to its multiple utility, 

Pongamia has gained much attention from scientists and has undoubtedly encouraged 

them towards the development of potential therapeutics. 
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Table 2.3 Traditional use of Pongamia (Source: Al Muqarrabun et al., 2013). 

Part Medicinal use Reference 

Whole 

part 

Snakebite treatment of tumor, pile, skin 

disease, wound, and ulcer 

Kirtikar and Basu, 1987; Tanaka et al., 

1992; Rout et al., 2009; Pavithra et al., 

2010 

Fruit Abdominal tumor, anthelmintic 
Hartwell, 1967; Kirtikar and Basu, 

1987 

Flower Diabetes 
Kirtikar and Basu, 1987; Badole and 

Bodhankar, 2009a 

Seed/ 

Seed oil 

Keratitis, urinary discharge, pile, ulcer, 

chronic fever, rheumatism, leucoderma, 

lumbago, Scabies, leprosy, bronchitis, 

whooping cough, chronic skin diseases, 

wound treatment, chronic fever, 

hypertension, liver pain 

Nadkarni, 1954; Kirtikar and Basu, 

1987; Ghani, 1998; Ayyanar and 

Ignacimuthu, 2009; Warrier et al., 

1993; Prasad and Reshmi, 2003 

Leaf 

Rheumatism, gonorrhea, skin disease,  

fever, pile, scabies, anthelmintic, 

diarrhea, dyspepsia, flatulence, 

glycosuria, antiseptic, blood purifier, 

wound treatment 

Chopra et al., 1993; Nadkarni, 1954; 

Satyavati et al., 1987; Warrier et al., 

1993; Bandaranayake, 1998; Kirtikar 

and Basu, 1987; Ayyanar and 

Ignacimuthu, 2009; Ambasta et al., 

1992; Oommen et al., 2000; Brijesh et 

al., 2006 

Stem/ 

Bark 

Diabetes, malaria, bleeding pile, 

beriberi, anthelmintic, hemorrhoid, 

ophthalmopathy, vaginopathy, skin 

disease, genatalia, sinus, stomach pain, 

intestine disorder, wound treatment 

Aiman, 1970; Bhargava, 1983; 

Kirtikar and Basu, 1987; 

Bandaranayake, 1998; Joy et al., 1998; 

Carcache-Blanco et al., 2003; Khare, 

2004; Ayyanar and Ignacimuthu, 2009 

Root 

Wound and gastric treatment, 

gonorrhea, cleaning gums, teeth and 

ulcer, vaginal and skin diseases 

Muthu et al., 2006 
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Table 2.4 Biological activity of Pongamia. 

Plant part Biological activity 

Flower 
 Antioxidant (Anuradha and Krishnamoorthy, 2011) 

 Anti-diabetic (Punitha and Manoharan, 2006; Punitha et al., 2006) 

Fruit 
 Antioxidant (Bhatia et al., 2008) 

 Antibacterial (Shoba and Thomas, 2001) 

Leaf 

 Antioxidant (Essa and Subramanian, 2006)  

 Antibacterial (Arote et al., 2009; Bajpai et al., 2009; Chandrashekar and 

Prasanna, 2010; Brijesh et al., 2006; Khan et al., 2006) 

 Antiviral (Brijesh et al., 2006; Rameshthangam and Ramasamy, 2007) 

 Anti-parasite (Brijesh et al., 2006; Simonsen et al., 2001) 

 Anti-inflammatory (Srinivasan et al., 2001) 

 Anti-convulsant (Manigauha et al., 2009; Manigauha and Patel, 2010) 

 Anti-diabetic (Lanjhiyana et al., 2011; Sikarwar and Patil, 2012) 

 Anti-hyperammnonemic (Essa et al., 2005) 

 Cytotoxicity (George et al., 2010) 

 Insecticidal (Deshmukhe et al., 2009; Samuel et al., 2009; Kumar et al., 2006) 

 Immune-modulatory (Manikannan et al., 2011) 

 Anti-convulsant (Manigauha et al., 2009) 

 Anti-ulcer (Giri et al., 2010) 

Root 

 Antioxidant (Raghavendra et al., 2007; Patil et al., 2010) 

 Antibacterial (Khan et al., 2006) 

 Anti-inflammatory (Patil et al., 2010) 

 Anti-diabetic (Rao et al., 2009) 

Seed and 

seed oil 

 Antioxidant (Vadivel and Biesalski, 2011) 

 Antibacterial (Wagh et al., 2007; Kesari et al., 2010) 

 Antifungal (Wagh et al., 2007; Kesari et al., 2010) 

 Antiviral (Elanchezhiyan et al., 1993) 

 Anti-inflammatory (Prabha et al., 2009) 

 Anthelmintic (Nirmal et al., 2007) 

 Insecticidal (Kumar et al., 2006; Singh, 2007; Parmar, 1977) 

 Treatment of rheumatic arthritis (Tanaka et al., 1992; Carcache et al., 2003) 

 Anti-pyretic (Warrier et al., 1993) 

 Hypoglycemic and hypolipidemic activity (Semalty et al., 2012) 

Stem/Stem 

Bark 

 Anti-inflammatory (Badole et al., 2012, 2013; Sagar et al., 2010; Giri et al., 

2010) 

 Anti-diabetic (Badole and Bodhankar, 2009a; Badole and Bodhankar, 2009b) 

 Anti-pyretic (Philip and Sharma, 1997) 
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2.9. Pongamia seed 

Historically, Pongamia has been used in India and its neighboring region as a source of 

traditional medicine, animal fodder, green manure, timber, fish poison, and fuel (Scott et 

al., 2008). It is also a pioneer of second-generation sustainable biofuel crop for its high 

oil seed production. Pods are smooth, oblique oblong to ellipsoid, flattened but slightly 

swollen, slightly curved with short, curved point (beaked), brown, thick-walled, thick 

leathery to subwoody, hard, indehiscent, 1-2 seeded, short-stalked. Seed oil is an 

important asset of this tree and has been used as lamp oil, in soap making, and as a 

lubricant for many years. Seeds have 19% moisture, 27.5% fatty oil, 17.4% protein, 

6.6% starch, 7.3% crude fibre and 2.4% ash. The seed contains 40% non-edible oil and 

the remaining protein-rich (30%) by-product that can be used as feed supplement for 

animal and biogas production (Vismaya et al., 2010). The composition of seed may 

greatly vary due to various factors, like genotype, climatic condition, and method of 

crude extraction. The crude seed oil of this plant can be used as a fuel for cooking and 

lighting tradtional lamps. Also, oil is used as lubricant, pesticide and in soap making 

industry. It has also been used against ulcer, chronic fever, rheumatoid arthritis, and 

leprosy (Sangwan et al., 2010) owing to its medicinal property. Therapeutic activity of 

the seed oil is mainly because of the presence of various types of secondary metabolites, 

such as Karanjin, kanjone, pongaglabrone, pongapin, furanoflavone, etc. (Al 

Muqurrabun et al., 2013). Several compounds have been reported from this plant, such as 

terpenoids, flavonoids, steroids, amino acids derivative, disaccharides, fatty acids and 

esters, etc (Table 2.5). 
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Table 2.5 Bioactive compounds isolated and characterized from Pongamia seeds.  

 

Compound Type Reference 

Karanjin Furanoflavone 
Limaye, 1925; Talapatra et al., 1980; Pathak et al., 1983a; Saha et al., 1991;Tanaka et 

al., 1992 

Kanjone Furanoflavone Aneja et al., 1963; Talapatra et al., 1980; Pathak et al., 1983a 

Pongaglabrone Furanoflavone Khanna and Seshadri, 1963; Pathak et al., 1983a; Tanaka et al., 1992 

Pongapin Furanoflavone 
Row, 1952; Pathak et al., 1983a; Saha et al, 1991; Tanaka et al., 1992; Minakawa et al., 

2010 

Pongaflavone/karanjachromene Chromenoflavone Lakhsmi et al., 1974; Rashid et al., 2008 

Isopongachromene Chromenoflavone Pathak et al., 1983a 

Gamatin Isofuranoflavone Khanna and Seshadri, 1963 

Pongamol Furanochalcone Talapatra et al., 1980; Pathak et al., 1983a; Tanaka et al., 1992; Minakawa et al., 2010 

Obovatachalcone, Glabrachalcone Chromenochalcone Pathak et al., 1983b 

Glabrachromene II Chromenochalcone Li et al., 2006 

β-sitosterol, Stigmasterol Sterol Shameel et al., 1996 

β-sitosterylacetate, Stigmasteryl acetate Sterol acetate Shameel et al., 1996 

β-sitosterol-3-O-β-D-galactoside, 

Stigmasterol-3-O-β-D-galactoside 
Sterol glycoside Shameel et al., 1996 

Methylkarranjic acid Aromatic carboxylic acid Baki et al., 2007 

Glabrin Amino acid Rao and Rao, 1941 

Sucrose Disaccharide Shameel et al., 1996 

Palmitic acid Fatty acid Bala et al., 2011 

Stearic acid Fatty acid Carcache-Blanco et al., 2003; Bala et al., 2011 

Eicosanoic acid, Behenic acid, Lignoceric 

acid, Oleic acid, 11-eicosenoic acid, Erucic 

acid, Linoleic acid, Linolenic acid 

Fatty acid Bala et al., 2011 

Tridecylate, Palmitate, Stearate, 

Heptadecylenate, Oleate, Linoleate  
Fatty acid methyl ester Shameel et al., 1996 
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Based on the literature survey, it is concluded that secondary metabolites from 

Pongamia seed might represent a fascinating library for critical ingredients towards its 

pharmaceutical application which in turn can be used to treat a wide range of health disorder, 

disease, and ailments. 
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Chapter 3 

 

Extraction, isolation, and purification of compounds from 

seeds of P. pinnata 

3.1. Introduction 

India is a rich abode to medicinal plants, which include more than 2000 species and 

primarily used in Ayurveda, Unani and Siddha form of system of medicine. 

Unfortunately, chemical and pharmacological aspects have been explored for only a few 

of them (Gupta et al., 2005). Since time immemorial, human beings have been using 

plant and their various parts for the treatment of a large number of disease and ailments. 

An assessment by the World Health Organization (WHO) revealed that about 65% of the 

world’s populations depend mainly on traditional herbal medicine for their primary 

health care (Cragg et al., 2009). Different constituents of crude extract of medicinal plant 

affect the health of an organism through complex and multi-targeted interactions (Wang 

et al., 2005). Several compounds have been isolated from the medicinal plant, such as 

terpenoid, flavonoid, steroid, amino acid derivative, disaccharide, fatty acid and ester 

with various pharmacological properties. For the efficient extraction of compound, plant 

material is often exposed to high-temperature conditions. Therefore, the physical 

property like thermal stability of crude extract is an important parameter for judging its 

quality and lifetime over a range of temperatures. The thermoanalytical study such as 

thermogravimetric analysis (TGA), differential thermogravimetric analysis (DTG) and 

differential thermal analysis (DTA) are used to understand the thermal lifetime and 

decomposition profile of organic crude extract and purified fraction during storage 

(Mannina et al., 1999).  
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Pongamia is a legume known for its traditional use and medicinal property. Seeds 

contain about 28-34% oil with a high percentage of polyunsaturated fatty acids (Sarma et 

al., 2005; Kesari et al., 2008). After oil extraction, seed cake is used as a green manure as 

it is rich in protein and nitrogen (Sangwan et al., 2010). The composition of seeds may 

vary due to various factors, such as genotype, time of harvesting, climatic conditions and 

method of crude extraction which leads to the variation in the chemical content of the 

crude extract and their relative composition. Many natural products have been isolated 

and extensively studied for their biological and pharmacological properties. All parts of 

this plant are used as a source of traditional medicine such as Ayurveda and Unani. It has 

been used as a drug for the treatment of tumor, pile, skin disease, wound and ulcer 

(Sangwan et al., 2010; Al Muqurrabun et al., 2013). Seed oil is used for the treatment of 

various inflammatory and infectious diseases, such as leucoderma, leprosy, lumbago and 

muscular and articular rheumatism (Mahli et al., 1989; Singh and Pandey, 1996; Khare, 

2004).       

Therefore, the current chapter is focussed on the extraction of crude extracts from 

the mature seeds of P. pinnata and studying its physical properties.  

3.2. Materials and methods 

3.2.1. Sample collection  

Ten candidate plus trees (CPTs) of P. pinnata were identified based on vegetative and 

reproductive traits; NGPP 26, NGPP 27, NGPP 28, NGPP 29, NGPP 30, NGPP 46, 

NGPP 47, NGPP 48, NGPP 49 and NGPP 50 as described by Kesari et al. (2008). Out of 

which NGPP 46 (North Guwahati P. pinnata) was found to be the superior genotype in 

terms of its pod-seed character having high oil content and was selected for all future 

studies. The seeds of NGPP 46 were collected from Indian Institute of Technology 
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Guwahati (IITG) campus (26°12.476’N to 91°41.965’E) during May 2013-July 2013. 

The mature pods (brown color) were harvested and seeds cleaned and dried in the shade 

for few days before extraction of oil. 

3.2.2. Preparation of the organic extract 

Several commonly used techniques for procurement of plant crude extract are 

maceration, percolation, decoction, ultrasound-assisted extraction, microwave-assisted 

extraction, etc. Extraction by hot solvent using Soxhlet apparatus gives significantly 

higher yield with little investment. Therefore in the present study, dried seeds (50 g) of 

P. pinnata were grounded into a fine powder to increase the contact surface between the 

sample and extracting solvent. It was then subjected for hot organic solvent extraction 

for 6 h in Soxhlet apparatus. The sequential extraction of the same sample (50 g) was 

done according to the polarity strength (300 mL) by increasing polarity gradient starting 

with non-polar (n-hexane), semi-polar (ethyl acetate, EtOAc) and polar (methanol, 

MeOH) solvents in the ratio of 1:6 (w/v; seed to solvent ratio) as per the procedure of 

Kesari et al. (2010). After each step of extraction, the sample was dried completely to 

remove left over solvents before proceeding with next round of extraction. All solvents 

and reagents used were of HPLC grade (Merck, India). Extracts obtained were 

concentrated and dried by BUCHI R-210 rotatory evaporator, Switzerland and stored at 

4
o
C for further analysis. The schematic representation of the extraction of organic crude 

extracts is depicted in Figure 3.1.  
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Figure 3.1 Scheme for the extraction of crude extracts from the seeds of P. pinnata. Seeds were 

subjected to hot solvents with different polarity using Soxhlet apparatus. Three crude extracts 

(HE, EE and ME) were obtained and stored for further study. 

3.2.3. Thin layer chromatography (TLC) of crude extract 

Thin layer chromatography (TLC) was done on pre-coated silica gel 60 F254 (0.25 mm, 

Merck, Germany). Crude extracts were diluted in EtOAc, and 10 μL was loaded on TLC 

plates. The mobile phase optimization was done with different percentage of n-hexane 

and EtOAc. The samples were allowed to run in a chromatographic chamber saturated 

with volatile binary solvent of the mobile phase. The individual spot on the plate was 

visualized under UV and iodine fume. Retardation factor (Rf) of each spot on TLC plates 

were noted down. After a series of optimization (solvents to be used as mobile phase), 

crude extracts were subjected to column chromatography and solvent extraction.   

3.2.4. Thermal stability of crude extract  

About 3 mg of crude extracts were placed in platinum TGA sample holder for thermal 

analysis using the Hitachi model STA7200 Thermal Analysis System. The high purity 

nitrogen (99.9%) gas was used as purge gas maintaining the flow rate of 50 mL/min. 

Analysis was performed between 40°C to 700°C with a heating rate of 10°C/min (Gill, 

1992).  
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3.2.5. Isolation of compounds  

Due to the high abundance of fatty acids in HE fraction, compound isolation was carried 

forward only to EE and ME fractions. For the isolation of compound from organic crude 

extracts (EE and ME), various analytical techniques were used. The isolated fractions 

were then further purified (TLC, analytical and preparative) and characterized. The 

schematic representation of isolation of compound from crude extract is depicted in 

Figure 3.2.  

 

Figure 3.2 Scheme for compound isolation from seed extracts of P. pinnata. Seed extracts were 

subjected to thin layer chromatography (TLC) before column chromatography (CC) and solvent 

extraction.  

3.2.5.1. Isolation and purification of the compound from EtOAc crude extract 

The glass column (3 × 50 cm) was sealed with cotton at the end of the column. The 

column was then filled with slurry of silica gel (80 g, 60-120 mesh, Merck India) in n-
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hexane. Initially, 2 g of EE was dissolved in a minimum volume of dichloromethane 

(DCM), and dry silica gel was added further to form sample slurry. After evaporating 

DCM completely, sample slurry was loaded onto the packed silica column. Silica 

column was washed with 100 mL n-hexane. The column was eluted slowly at the rate of 

1 mL/min and was collected in test tubes with appropriate labeling. Gradient elution with 

EtOAc and hexane (v/v) were used as a mobile phase for elution of different fractions. 

From EE, one major fraction was collected when mobile phase reached at 15:85 (EtOAc-

hexane, v/v) and a small aliquot (10 μL) was loaded on TLC plate and visualized under 

UV light and iodine fume. Fractions having similar Rf values were pooled together and 

concentrated using rotatory evaporator leaving behind the pure fraction named as PPS-E. 

It was then allowed to precipitate in EtOAc to obtain crystals, washed with hexane and 

stored in an amber glass vial. Further, the fractions obtained were checked in TLC with 

the appropriate solvent system to confirm its purity. High-performance liquid 

chromatography (HPLC) was carried as a part of purity assessment.  

HPLC analysis was done using Shimadzu’s HPLC system with degassing unit 

(DGU 20ASR), autosampler (SIL 20AHT and liquid chromatogram (LC 20AD) system. 

The chromatographic purification of PPS-E was achieved with Enable C-18G column 

having i.d. of 250 × 4.6 mm and 5 µm particle size. The eluted fraction obtained from 

column chromatography (10 mg/mL) was dissolved in MeOH: water (80:20) and filtered 

through a syringe filter (0.45 µm). Sample injection volume was 10 µL, and isocratic 

elution was done at a flow rate of 1.5 mL/min. The program was run for 30 min with 

UV/Vis Detector (SPD-20A) set at wavelength 264 nm (Prabhu et al., 2002). Data was 

procured and processed using Shimadzu lab solutions. All the readings were taken in 

duplicate. Finally, the pure fractions were filtered, concentrated by a rotatory evaporator 

and stored at 4°C for further study. 
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3.2.5.2. Isolation and purification of the compound from MeOH crude extract 

Defatted methanolic crude extract (ME) (50 g) was homogenized in 0.01 N HCl (100 

mL) for 8 min. The solution was centrifuged for 20 min at 4°C, and the supernatant was 

collected. Deproteination was carried out by addition of ethanol and the mixture was 

allowed to stand for 20 min at 4°C. The precipitate was then further separated by 

centrifugation. Subsequently, the supernatant was dried using rotatory evaporator and 

stored at -20°C. For further purification, the residue was re-extracted in 0.01 N HCl and 

compound was obtained by preparative TLC using methanol as mobile phase. The 

fraction was collected and then re-dissolved in water and was allowed to settle for 

complete precipitation. Brown crystals were obtained and stored. Preparative TLC was 

done to obtain an analytically pure compound and to get away the impurities. 

A thick layer of silica gel slurry (SRL, India) containing 13% CaSO4.1/2H2O as a 

binder was made on thin glass plates (15 × 25 cm) and air dried in hot air oven (80°C) 

for 2 h. The mixed fraction (30 μL) was loaded, and the plates were allowed to run in a 

chromatographic chamber saturated with methanol as mobile phase. The plates were 

taken out and were allowed to dry at room temperature for an hour. The fractions were 

scraped out from the plates and washed with EtOAc. The solvent collected after washing 

was filtered, pooled together and concentrated using rotatory evaporator. The fraction 

was then air dried and stored at 4°C for further characterization. 

3.3. Results and discussion  

3.3.1. Plant material 

Healthy and matured seeds were collected from Candidate plus tree (CPT) NGPP 46 and 

used for organic crude extraction and isolation of compounds. 
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3.3.2. Preparation of the organic extract 

Three organic crude extracts were obtained after fractionation based on their solubility in 

organic solvent. These extracts were named as HE, EE and ME with yield percentage of 

32.42, 4.75 and 11.24, respectively (Table 3.1). After each step of extraction, 

approximately 170-200 mL of solvent was recovered using rotatory evaporator.  

Table 3.1 Optimization of yield-related parameters for extraction of organic extract from P. 

pinnata seeds using Soxhlet apparatus. 

*
HE: hexane crude extract, 

*
EE: EtOAc crude extract and 

*
ME: MeOH crude extract 

3.3.3. Thermal stability of crude extract 

In the current study, thermal property of organic crude extract is monitored as a function 

of temperature. Figure 3.3 shows thermogram and DTA curve obtained upon plotting 

the data for HE, EE and ME with increasing temperature on the x-axis and the 

decreasing sample weight (as a percentage) on the y-axis.  

Parameter 
*
HE 

*
EE 

*
ME 

Sample weight (g) 50 50 50 

Solvent volume (ml) 300 300 300 

Time for 1
st
 cycle (min) 30 40 50 

Time for next cycle (min) 15 22 36 

No. of cycle 9 8 7 

Total time  1 h 46 min 2 h 12 min 2 h 20 min 

Solvent recovery (%) 73.60 59.33 60.02 

The weight of crude extracts 

obtained  
16.21 g 2.37 g 5.62 g 

Yield (%) 32.42 4.75 11.24 

Colour Light shining yellow Dark brown Dark brown 

Smell Light oily Bitter almond Bitter sugary 
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Figure 3.3 The thermoanalytical analysis representing TGA, DTG, and DTA of organic crude 

extracts. (A) HE; (B) EE and (C) ME. 

From the TG curve, the descending thermal curve of HE indicates weight loss 

that occurred around 220°C with complete decomposition at 480°C (Figure 3.3 A). On 

the other hand, weight loss of EE and ME occurs at around 150°C and 100°C along with 

complete degradation at 540°C and 600°C, respectively (Figure 3.3 B and C). 

Degradation is completed at 560°C, leaving a residue of 5-10%, corresponding to the 

content of the inorganic material or mineral salts. The mass loss at this stage corresponds 

to 90-95% of the original mass. Moreover, all crude extracts show one exothermic peak 

at a temperature range 400-450°C as evident from the corresponding DTA curve.  

In DTG curve, it can be seen more clearly that the thermal decomposition of seed 

crude extract occurred in three steps, with loss of initial mass at the range of 

approximately 200-380°C. This mass loss is due to evaporation of moisture (Santos et 

(A) 

(C) 

(B) 
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al., 2012) and decomposition of polyunsaturated fatty acids leading to devolatization of 

light volatile content owing to heating at high temperature. The second degradation 

occurs at 380-480°C due to decomposition of monounsaturated fatty acids in HE and EE. 

The third step of degradation occurs at 450-580°C which corresponds to the degradation 

of saturated fatty acids (Gouveia de Souza et al., 2004; Pena Muniz et al., 2015). 

Therefore, the result obtained from thermogram of crude extract clearly shows its 

stability towards high temperature which is an essential and determining parameter 

during its extraction, processing, and storage.  

3.3.4. Isolation and purification of compound(s) 

3.3.4.1. Isolation and purification of the compound from EtOAc crude extract 

The major compound isolated from EE by column chromatography was named as PPS-E 

with Rf value of 0.44 in 15:85 (EtOAc: hexane, v/v) (Figure 3.4). After crystallization, 

the colorless needle-shaped crystals (melting point of 158ºC) were obtained. The process 

of recovery through crystallization was very efficient in achieving a yield of pure crystals 

up to approximately 2%.  

                 

Figure 3.4 TLC images of PPS-E with EtOAc crude extract (EE) observed under (A) UV light 

and (B) iodine chamber. 

(A) (B) 

(PPS-E) 

(EE) (EE) 
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The fraction PPS-E is UV active fraction (λ = 360 nm), thus, to ascertain the 

purity of compound analytical HPLC was performed using UV detector. Chromatogram 

of the compound displayed a single peak at retention time of 17.65 min revealing its high 

purity which can be used for further characterization as shown in Figure 3.5. 

 

Figure 3.5 HPLC chromatogram of PPS-E.  

3.3.4.2. Isolation and purification of the compound from MeOH crude extract 

Compound was also isolated from ME by solvent extraction. After crystallization, brown 

crystals with melting point of 280°C were obtained and named as PPS-M. The fraction 

PPS-M was further purified by preparative TLC using methanol as mobile phase. After a 

series of recrystallization and preparative TLC, the yield of pure crystals obtained was 

0.2% and was stored in an amber glass vial and so were the crystals PPS-M gives a blue 

color with ninhydrin. It is known that ninhydrin reaction is very sensitive test for amino 

acids as it gives positive reaction due to the presence of the free amino group at α 

position to free carboxylic acid group. The pure compound was kept at 4ºC for its 

structural characterization. 
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3.4. Conclusion 

In this chapter, seed crude extracts were obtained by hot solvent extraction method using 

Soxhlet extractor. Two major compounds, PPS-E and PPS-M, were isolated from EE and 

ME respectively. Compounds obtained by a simple extraction step using different 

solvents and purified. The procedure employed is efficient and cost effective in getting 

analytically pure compounds for further characterization. Moreover, the thermoanalytical 

method was considered to be versatile technique to study the thermal degradation profile 

of crude extracts revealing its stability over a range of temperature. 
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Chapter 4 

Structural characterization of compounds and correlation of 

its vibrational assignment with density functional theory 

(DFT) 

4.1. Introduction 

Medicinal plants produce number of diverse and beneficial phytochemicals used largely 

to circumvent certain diseases or disorders. According to Bernhoft (2010), bioactive 

compounds are secondary plant metabolites produced as products of sidetrack molecules 

capable of eliciting pharmacological and toxicological effects in human. Pongamia is a 

multipurpose medicinal plant well known for its traditional and pharmacological 

properties. Different classes of phytochemicals have been reported from various parts of 

Pongamia, such as flavonoids (Ghufran et al., 2004; Yadav et al., 2004; Li et al., 2006), 

terpenoids (Talapatra et al.,1982; Carcache-Blanco et al., 2003; Shameel et al.,1996), 

steroids (Talapatra et al., 1982; Shameel et al., 1996), etc. Extracts, and single compound 

from Pongamia exhibits broad spectrum of biological activities such as antimicrobial, 

antioxidant, anti-inflammatory, anti-diabetic activity, etc (Al Muqurrabun et al., 2013). 

The seed oil of Pongamia contains 5-6% of flavonoid such as Karanjin, kanjone, 

pongaglabrone, pongapin, out of which the main constituent is Karanjin.  

The traditional way of studying natural product includes fractionation of crude 

mixture or extract, separation and isolation of the individual component using 

chromatography. The chemical structure of the isolated and purified fraction is 

elucidated with one or more hypothesised structures and verified with the experimental 

spectra of the compound. Identification and characterization of the compound often 

involve different spectroscopic methods which have developed into a mainstream 
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analytical technique for the elucidation of molecular structure. Various techniques have 

been used for characterization due to their easy implementation, intrinsic sensitivity, and 

non-destructive nature (Webb, 2005). The techniques often involve mass spectrometry, 

vibrational spectroscopy, NMR and XRD (Steinbeck, 2004; Clardy and Walsh, 2004; 

Exarchou et al., 2005). NMR is known to be a widely used technique for structural 

elucidation of natural products (Breton and Reynolds, 2013). The structure elucidated by 

NMR can be further supported and validated by mass spectrometry (Beynon, 1959) and 

vibrational spectroscopy like FTIR and Raman spectroscopy (Abraham et al., 2003). 

Infrared and Raman spectroscopy have found an increasing value as applied to in situ 

detection, identification and analysis of vibrational assignments of a compound which 

can be compared with the computational density functional theory (DFT). DFT appears 

to represent an excellent method for calculating vibrational spectra with sufficiently high 

accuracy (Zhu et al., 2000; Pandey et al., 2014). Moreover, few natural products are 

crystalline for which single crystal XRD is the most promising technique for absolute 

configuration determination (Kong and Wang, 2013). 

Two compounds were isolated and purified from seeds of P. pinnata, namely 

PPS-E and PPS-M and identified as furanoflavonoid and cyclic amino acid, respectively 

as described in previous chapter. Therefore, this chapter focus is on the structural 

characterization of the identified compounds. Also, the theoretical calculation of 

molecular vibrational frequencies of compound has been carried out to obtain a deeper 

understanding of the vibrational spectra.   
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4.2. Materials and methods 

4.2.1. High-resolution mass spectrometry (HRMS)  

About 1 mg crystals of PPS-E and PPS-M were dissolved in 5 mL of methanol (HPLC 

grade). The solution was used for recording spectra on Agilent Accurate-Mass Q-TOF 

LC/MS 6520 by electrospray ionization method (ESI-HRMS). The flow rate was set at 

0.2 mL/min for a total run time of 30 min. Diode array was used as a detector, and the 

ESI probe served as positive and negative ion mode in the analysis. 

4.2.2. High-performance liquid chromatography (HPLC) 

The purified fraction PPS-E was subjected to HPLC analysis for its identification. It was 

done using Shimadzu’s HPLC system with degassing unit (DGU 20ASR), autosampler 

(SIL 20AHT and liquid chromatogram (LC 20AD). The chromatographic separation was 

achieved with Enable C-18G column (i.d. 250 × 4.6 mm; 5 µm particle size). Karanjin 

standard (Sigma, India) stock of 1 mg/mL was prepared in MeOH: water (80:20) from 

which the working concentrations of Karanjin were made at 0.1, 0.2, 0.3 and 0.4 mg/mL. 

The eluted fraction (PPS-E) obtained from column chromatography (10 mg/mL) was 

dissolved in MeOH: water (80:20) and filtered through a syringe filter (0.45 µm). 

Sample injection volume was 10 µL, and isocratic elution was done at a flow rate of 1.5 

mL/min. The program was run for 30 min, and Karanjin was detected using UV/Visible 

Detector (SPD-20A) set at wavelength 264 nm (Prabhu et al., 2002). Data was procured 

and processed using Shimadzu lab solutions. All readings were taken in a duplicate 

manner. 
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4.2.3. Fourier transform infrared spectroscopy (FTIR) and density functional 

theory (DFT) 

About 1 mg crystal of isolated fractions of PPS-E and PPS-M, were crushed along with 

dry potassium bromide (HiMedia, IR grade) to obtained pellets. FTIR spectra of the 

compound were recorded with Perkin Elmer Fourier Transform Infrared 

spectrophotometer, Germany in the range of 600 to 2000 cm
-1

.  

 Ab initio electronic structure calculations of PPS-E and PPS-M were carried 

out using the Gaussian 09 software (Frish et al., 2004). For PPS-E, calculation was 

carried out at B3LYP/6-311G (D, P) level to determine the vibrational and rotational 

modes in the sample. On the other hand, the Onsager dipole-sphere model was used for 

PPS-M zwitterion calculation. At first, a geometry optimisation was carried out at 

B3LYP/6-31G (D, P) level. For the self-consistent reaction field (SCRF) calculation, the 

cavity radius to be used in the vibrational studies was determined by carrying out a set of 

calculations with various radii within 3.0 to 4.5 Å and then the radius producing the best 

agreement with the experimental results was used. Recorded experimental data of PPS-E 

and PPS-M from FITR were correlated with reference to DFT, and the raw vibrational 

frequencies were scaled by 0.97. 

4.2.4. Raman spectroscopy and density functional theory (DFT) 

Raman spectrum of the pure isolated crystal of PPS-E was recorded by Horiba LabRAM 

HR spectrometer in the backscattering mode using Argon-ion laser at wavelength 514 

nm as the excitation source at room temperature (Canamares et al., 2009). Spectral data 

generated as Raman signal was taken from the sample at specific wavenumbers (200 to 

2,000 cm
-1

). Recorded experimental data from Raman spectroscopy was correlated with 
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reference to DFT (B3LYP/6-311G (D, P) calculation using Gaussian 09 software (Frish 

et al., 2004). 

4.2.5. Nuclear magnetic resonance (NMR)  

One dimension spectral analysis of PPS-E was carried out by dissolving 5 mg of the 

compound in 600 µL CDCl3 and transferred to 5 mm NMR tube. Spectra were acquired 

on a Bruker 600 MHz (at 298 K). Solvent residual proton resonance and carbon 

resonance (CDCl3: δ (
1
H) 7.26 ppm; δ (

13
C) 76.70 ppm) were used for calibration along 

with tetramethylsilane (TMS) as an internal reference. 
1
H and 

13
C spectral chemical 

shifts and coupling constants (J values) were expressed in δ and Hz, respectively and 

number of protons: signals were characterized as s (singlet), d (doublet), t (triplet), m 

(multiplet). Pulse angle employed in distortionless enhancement by polarization 

transfer (DEPT) experiment was 135º. NMR was controlled by the software TopSpin 

2.1. 

4.2.6. X-ray diffraction (XRD)  

The detailed structures of PPS-E and PPS-M were elucidated and confirmed by single 

crystal XRD CrysAlisPro Agilent Technologies, Germany. A saturated solution of the 

compound prepared by dissolving 2 mg of sample in 10 mL of DCM to obtain crystals. 

A single pure crystal of PPS-E and PPS-M were selected, washed for impurities and 

subjected on Eos diffractometer (SuperNova, Single source at offset) with MoKα 

radiation (λ = 0.7107 Å) in φ and ω scan modes set at the temperature of 25ºC during 

data collection. Absorption correction was based on multiple and symmetry-equivalent 

reflections in the data set using the SADABS program (Sheldrick, 2004). The structure 

was solved with the help of Superflip and refined with SHELXL-97 (Sheldrick, 1997) 

and Olex2 (Dolomanav et al., 2009) softwares. 
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4.2.7. Field transmission scanning electron microscopy (FESEM)  

The shape and size of PPS-E and PPS-M were examined by capturing its image using 

Carl Zeiss Ultra 55, Sigma field emission scanning electron microscopy (FESEM). For 

this, crystals were washed with hexane to remove impurity from the surface and gold 

coated. 

4.2.8. Thermal gravimetric analysis (TGA)  

About 3 mg of PPS-E was placed in platinum TGA sample holder for thermal analysis 

using the Hitachi model STA7200 Thermal Analysis System, USA. The high purity 

nitrogen (99.9%) was used as purge gas by maintaining the flow rate of 50 mL/min. 

Analysis was performed between 30°C to 700°C with a heating rate of 10°C/min. 

4.3. Results and discussion 

4.3.1. Identification of PPS-E 

Colourless needle-shaped crystals were isolated from EE by column chromatography 

using EtOAc-hexane eluent system (15:85, v/v) with Rf value of 0.44 (yield 2%, melting 

point 158ºC). The HRMS confirmed mass of the compound with molecular formula of 

C18H12O4. The m/z of the isolated compound in positive mode [M+H]
+
 is 293.087 

(Figure 4.1), and exact molecular mass is 292.0808 that matched well with the reported 

mass of karanjin (Katekhaye et al., 2012) (Figure 4.2). 

HRMS spectrum 

MS data showed parent molecular ion peak at 293.087. 

Theoretical value [M+H]
+ 

= 293.0808 

Observed value [M+H]
+ 

= 293.087 
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Figure 4.1 Mass spectrum of PPS-E isolated from seeds of P. pinnata. 

 

Figure 4.2 Structure of Karanjin (IUPAC: 3-methoxy-2-phenylfuro [2,3-h]chromen-4-one). 

Analytical HPLC with UV detector was performed to ascertain the purity of 

isolated compound (Figure 4.3) as it offers high sensitivity (Li et al., 2004) and also 

because majority of flavonoids are believed to have UV absorbance (Cannell, 1998). The 

compound showed retention time of 17.68 min and 98% purity when compared with 

standard Karanjin as evident from HPLC chromatogram (Figure 4.3 A). The relative 

standard deviation for retention time and peak area is less than 0.04% and 1.24% 

respectively. Therefore, the isolated compound, PPS-E is confirmed to be a 

furanoflavone named as Karanjin (IUPAC: 3-methoxy-2-phenylfuro [2,3-h]chromen-4-

one). Earlier report with regard to Karanjin isolation from the seeds varied from 1 to 

1.5% depending upon the geographical site of the collection. The maximum purity was 

reported to be 80% as evaluated by HPLC (Vismaya et al., 2010). The relative 
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abundance of Karanjin in different crude extracts were found to be highest in EE and 

least in ME as Karanjin is semi-polar (Figure 4.3 B). Compound was further validated 

and confirmed by various spectroscopic techniques.  

  

Figure 4.3 Purification of Karanjin (A) HPLC chromatogram, inset depicts single peak of an 

isolated compound, PPS-E and (B) Relative abundance of Karanjin in different crude extracts.  

4.3.1.1. Fourier transform infrared spectroscopy (FTIR) 

Infrared (IR) is most useful in providing information about the presence or absence of 

specific functional groups. FTIR spectrum of Karanjin crystal was recorded and used to 

compare with DFT carried out with Gaussian 09 software, at B3LYP/6-311G (D,P) level 

(Figure 4.4). Prominent peaks from experimental FTIR match well with the calculated 

DFT value (Figure 4.4 A). As seen, the C=O stretching vibration appears as a prominent 

mode in the FTIR spectrum at 1624 cm
-1

. The peak at 1405 cm
-1 

gives the information 

that the compound comprise important -CH3 functional group and recorded spectra is in 

good agreement with the calculated value at 1408 cm
-1

 (Figure 4.4 B). The prominent 

peak is primarily due to the butterfly motion in -CH3 group present in Karanjin molecule 

as suggested by Pandey et al. (2014). In the experimental spectrum, another peak 

appeared at 756 cm
-1 

because the geometry of the molecule is out of the plane and it is 

well matching with the calculated value at 757 cm
-1

. Some of the vibrational peaks at 

(A) (B) 
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958, 1019, 1035, 1132, 1164, 1227, 1260, 1285, 1332, 1227 and 1463 cm
-1 

are due to the 

presence of -C-C-H vibration in aromatic rings of Karanjin. Other peaks at 1285 and 

1373 cm
-1 

are showing the deformation in the aromatic rings. Almost all the peaks 

matched well with the calculated DFT values. 

 
 

IR Exp. (cm
-1

) DFT Cal. (cm
-1

) 

756 757 

958 951 

1019 1014 

1035 1034 

1132 1140 

1164 1164 

1227 1214 

1260 1250 

1285 1273 

1373 1369 

1405 1408 

1463 1465 

1626 1632 

Figure 4.4 FTIR spectra of Karanjin (A) Comparison of calculated vibrational frequency with 

experimental FTIR spectra and (B) Values of vibrational frequency. 

4.3.1.2. Raman Spectroscopy 

Raman spectrum of pure Karanjin crystal was recorded and was used to compare with 

the DFT carried out with Gaussian 09 software, at B3LYP/6-311G (D, P) level (Figure 

4.5). The scaled theoretical wavenumbers are in perfect agreement with the experimental 

values of pure Karanjin crystal (Figure 4.5 A). The prominent peaks observed at 1605 

cm
-1

 and 1627 cm
-1

 are due to strong C=O stretching of flavone ring (Canamares et al., 

2009), and these peaks are in good agreement with the calculated values such as 1610 

and 1631 cm
-1

, respectively (Figure 4.5 B). The peak at 1372 cm
-1

 present in the 

spectrum is due to the presence of -CH3 group. Another intense peak at 1005 cm
-1

 is due 

to the trigonal stretching of flavone B ring. Furthermore, peaks at 1191, 1285 and 1530 

cm
-1

 are involved in the bending of the CH plane. All these observed peaks in the Raman 

(A) (B) 
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spectrum of Karanjin matched well with three flavonoids like chrysin, apigenin and 

leutin and some flavone (Canamares et al., 2009; Corredor et al., 2009). Few additional 

peaks at 1022, 1341 and 1438 cm
-1

 are because of the CH vibration in the furan ring and 

are nearly in agreement with DFT calculation. 

 

Raman Exp. (cm
-1

) DFT Cal. (cm
-1

) 

327 301 

495 - 

691 679 

1005 966 

1022 1036 

1191 - 

1286 1225 

1341 1302 

1372 1358 

1408 1414 

1438 1498 

1530 1554 

1575 1589 

1605 1610 

1627 1631 
 

Figure 4.5 Raman spectra of Karanjin (A) Comparison of calculated vibrational frequency with 

experimental Raman spectra and (B) Values of vibrational frequency. 

4.3.1.3. Nuclear magnetic resonance (NMR) 

One dimensional NMR spectra of Karanjin acquired and analyzed for its structural 

characterization (Figure 4.6).
 1

H Spectral data (Figure 4.6 A and B) of pure Karanjin 

revealed the presence of characteristic signal of furan ring as δH/δC at δ 8.151 (d, J = 1.8 

Hz, H5)/145.92 (C5) and at δH/δC at δ 7.17 (d, J = 1.8 Hz, H15)/104.44 (C15). The signal 

at 7.57-7.53 (4H, multiplet) indicated amono-substituted aromatic ring of Karanjin. 
13

C 

spectral data showed the presence of a carbonyl carbon in flavonoid moiety at 175.26 

and a prominent methoxyl carbon at 60.4 (Figure 4.6 C). Two carbon at 145.9 and 158.3 

and two more tertiary carbon at 150.15 and 155.04 indicate aromatic carbon linked to an 

oxygen atom in a furanoflavonoid molecule. Amono-substituted aromatic ring is shown 

(A) (B) 
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at δ 131.19, 128.84 (one carbon), 128.86 (two carbons) and 128.5 (two carbons). Also, 

the 
13

C spectrum of Karanjin contain four more signal for aromatic carbon at δ 122.09, 

110.19, 119.9 and 117.2 along with a signal at 142.04 for the carbon attached to the 

methoxyl group. With the help of the DEPT experiment, CH, CH2 and CH3 groups can 

be easily differentiated by variation of the selection angle parameter (the tip angle of the 

final 
1
H pulse). Angle 135° gives all CH and CH3 in a phase opposite to CH2. DEPT 

spectra showed signals for CH and CH3 carbons accounting for 10 carbon as a result of 

transfer of proton magnetization onto the directly bound carbon in the molecule (Figure 

4.6 D). From 
1
H and 

13
C spectral assignment along with DEPT spectral data, it could be 

inferred that annealation of the furan and flavonoid rings is at C2/C13 and C4/C12 

positions, and phenyl ring substitution at C3 (C7) position, respectively (Table 4.1).  

 

 

(A) 

(B) 

Continued.. 
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Figure 4.6 NMR spectra of Karanjin (A) Atom nomenclature; (B) 
1
H; (C) 

13
C and (D) DEPT 

135°. 

 

 

 

 

(C) 

(D) 
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Table 4.1 NMR (
1
H and 

13
C) spectral data of Karanjin (δ in ppm). 

Atom no. 

1
H (δ, J in Hz) 

13
C 

Isolated Reported
* 

Isolated Reported
* 

1   175.26 174.7 

2   158.37 157.8 

3   155.04 154.5 

4   150.15 149.6 

5 8.151 d (1.8) 7.78 d (2) 145.92 145.4 

6   142.04 141.5 

7   131.19 130.7 

8 7.544 m 7.60 m 130.86 128.3 

9   128.84 130.3 

10 7.759 d (1.8) 8.17 m 128.58 128.0 

11 8.206 d (9) 8.22 d (8.5) 122.09 121.6 

12   119.91 119.4 

13   117.20 116.7 

14 
  

110.91 109.7 

15 7.179 d (1.8) 7.20 d (2) 104.44 103.9 

16 3.933 s 3.85 s 60.40 59.9 
*
 Vismaya et al., 2010. 

4.3.1.4. X-ray Diffraction (XRD) 

Single-crystal X-ray diffraction determines atom position in three-dimensional space. 

Various chemical and physical properties of Karanjin crystal are listed in Table 4.2. 

Chemical structure, ball-stick model, crystal packing, and ellipsoid plot of the molecular 

structure of Karanjin as obtained from X-ray diffraction technique and mercury software 

respectively is shown in Figure 4.7 (A-D). There is no formation of hydrogen bond 

within the crystal unit cell (Figure 4.7 C). Due to antibonding repulsion, the phenyl ring 

of Karanjin is slightly shifted above the plane (Figure 4.7 D) to minimise its surface 

energy (Pandey et al., 2014). The ground state optimised geometry was found to be non-

planar. The refined structure was deposited to Cambridge Crystallographic Database 

Centre (CCDC) with ID number 1422898. 

 (http://www.ccdc.cam.ac.uk/Community/Depositastructure/Pages/DepositaStructure.aspx). 
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Figure 4.7 Perspective view of Karanjin. (A) Chemical structure; (B) Structure ball and stick 

model; (C) Ellipsoid plot of molecular structure and (D) Crystal packing in the unit cell.  

Table 4.2 Crystal data of Karanjin. 

Parameters Karanjin 

Empirical formula C18H12O4 

Formula weight 292.0879 

Crystal habit Needle 

Colour Colourless 

Crystal system Monoclinic 

Space group P21/n 

Temperature, T 296 K 

Wavelength, λ(Å) 0.7107 

Volume, V (Å
3
) 1400.29 

Cell formula unit Z 4 

Calculated density, Mg m
-3

 2.065 

Unit cell dimensions 
a=7.2020(6) Å, b=11.2867(9) Å, c=17.5318 (17) Å 

α=90.00(7)°, γ=90.00(7)°,β=100.707(6)° 

Completeness to θ 99% (θ = 25.00°) 

Refinement method SHELXL-97 (Sheldrick, 1997), Olex2 

 

 

(A) (B) 

(C) 

(D) 
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4.3.1.5. Field emission scanning electron microscopy (FESEM) 

FESEM image of Karanjin shows that it is needle-shaped crystal having sharp edges 

(Figure 4.8) Size of the crystal obtained after purification and crystallization is in the 

range of 0.1-0.5 mm. 

 

 Figure 4.8 FESEM image of Karanjin (inset: crystals after recrystallization). 

4.3.1.6. Thermoanalytical analysis  

Thermoanalytical analysis (TGA, DTG and DTA) of Karanjin was done (Figure 4.9). 

Crystal is brought quickly up to the desired temperature (isothermal procedure), and 

weight of the sample is monitored during thermal decomposition. The DTA profile of 

Karanjin shows exothermic peaks at 150-300°C and 320-620°C. From the TG curve of 

Karanjin under nitrogen purge gas, a continuous mass loss was observed from 200-

300°C leaving approximately 2% of original mass at 450°C depicting homogeneous 

degradation behaviour of flavanone. Karanjin is completely decomposed at this 

temperature in which -OCH3 being the weakest bond tends to be decomposed first. The 

TG profile of Karanjin showed one decomposition step which resembled the thermal 

degradation of quercetin (Moreira et al., 2002). Thermal analysis is recognized as an 

essential technique to understand the thermal stability of flavonoid because of its 

simplicity, high efficiency, and easy curve analysis (Ferreira et al., 2017). 
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Figure 4.9 Thermogram curve of Karanjin.   

4.3.2. Identification of PPS-M 

Brown crystals (PPS-M) were isolated and purified from ME by solvent extraction (yield 

0.2%, melting point 280ºC). The HRMS confirmed mass of compound with molecular 

formula C7H14NO4. The m/z of the compound in positive [M+H]
+
 and negative mode 

[M+H]
-
 are 176.0914 and 174.0777, respectively (Figure 4.10). The molecular mass was 

found to be 175.0845 and matched well with the reported mass value of glabrin (Figure 

4.11) (Rao and Rao, 1941). Earlier reports with regard to Glabrin isolation from the 

seeds varied from 0.04 to 0.1% depending upon the geographical site of collection (Rao 

and Rao, 1941; Chandel et al., 2005). Also, the process for procurement of Glabrin was 

tedious and time-consuming. However, in the current protocol, the pure compound has 

been achieved by a simple extraction step followed by purification with solvents. Glabrin 

was validated and confirmed by spectroscopic techniques viz; FTIR, FESEM and XRD 

which are primary tools utilised by researchers in structural elucidation; 
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HRMS spectrum 

MS data showed parent molecular ion peak at 175.0845. 

Theoretical value [M+H]
+ 

= 176.0914  

Theoretical value [M+H]
- 
= 174.0777 

Observed value = 175.0845 

  

Figure 4.10 Mass spectrum of PPS-M isolated from seeds of P. pinnata. 

 

Figure 4.11 Structure of Glabrin (IUPAC: 4,5-dihydroxy-1-methylpiperidine-2-carboxylic acid). 

4.3.2.1. Fourier transform infrared spectroscopy (FTIR) 

The infrared spectrum encodes a lot of important information on amino acid like 

protonation state, charge, H-bond formation, and conformational freedom. According to 

the 3N-6 rule (with N the number of atoms), glabrin has 69 normal modes. In the present 

work, the vibrational spectrum of Glabrin has been obtained and compared with the 

result obtained from DFT calculation (Figure 4.12). DFT is considered to be a good tool 
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for the band assignment of zwitterionic amino acids (Fischer et al., 2005; Chowdhry et 

al., 2008). In the spectrum, we observed the vibration mode near low-frequency region 

(around 750-1040 cm
-1

). This region represents the stretching and bending vibrations of 

C-C skeletal, C-H bending and C-N stretching (Fischer et al., 2005). The position of the 

N-H bending appeared at 1402 cm
-1

 in the experimental spectrum, while the 

corresponding peak from DFT appeared at 1404 cm
-1

. Glabrin has a strong band near 

1619 cm
-1 

indicating the existence of the asymmetric ionic carboxyl mode of vibration 

(Blom et al., 2007). The carbonyl stretch of a carboxylic acid moiety is one of the most 

significant band in the IR spectra of amino acids. The band at 2949 cm
-1

 in the spectrum 

corresponds to C-H stretching of CH2. The vibrational mode of O-H and N-H groups 

appear as a single broadband with strong intensity at 3314 cm
-1

 in IR spectrum (Table 

4.3). However, the stretching vibration of O-H groups showed strong and sharp peaks at 

3443 and 3508 cm
-1

. The N-H stretching band was observed at high-frequency region 

approximately at 3338 cm
-1

 in DFT calculation. Our FTIR absorption study reveals that 

the spectrum of Glabrin is very particular and they can serve as a fingerprint for the 

compound. 
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Figure 4.12 Comparison of calculated vibrational frequency and experimental FTIR spectra of 

Glabrin. 

Table 4.3 Experimental IR frequency of Glabrin and theoretical calculation using DFT along 

with their respective assignment of bond vibrations. 

Sr. No. IR Exp. (cm
-1

) DFT Cal. (cm
-1

) Assignments 

1 681 675 OH bending 

2 795 751 C-C bending 

3 938 947 C-C bending and C-C stretching 

4 1036 1040 C-C bending and C-N stretching 

5 1109 1078 C-OH stretching and N-H bending 

6 1210 1200 C-H bending 

7 1282 1288 C-C stretching and C-H bending 

8 1343 1349 C-H bending 

9 1402 1404 N-H bending 

10 1619 1600 Asymmetric COO stretching 

11 2949 2936 Symmetric CH2 Stretching 

12 - 2973 Asymmetric CH2 stretching 

 

13 

 

3314 

3338 NH stretching 

3443 OH stretching 

3508 OH stretching 

4.3.2.2. X-ray diffraction (XRD) 

Single-crystal X-ray diffraction can be used to determine, confirm, or complete 

molecular structure routinely and unambiguously, thereby, establish conformation and 

relative stereochemistry and even conformation of the compound. Ball-stick model, chair 
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conformation, ellipsoid plot, and crystal packing of Glabrin were obtained from X-ray 

Diffraction technique and mercury software respectively as shown in Figure 4.13 (A-D). 

From XRD data, there is the formation of both intra- and inter-molecular hydrogen 

bonds within the crystal unit cell. The compound exhibited the chair conformation 

indicates the stability of the compound. Various chemical and physical properties of 

Glabrin crystal are listed in Table 4.4.  

 

Figure 4.13 Structure of Glabrin. (A) Ball and stick model; (B) Chair conformation; (C) 

Ellipsoid plot of molecular structure and (D) Crystal packing in the unit cell.  

 

 

 

 

 

(A) 

(B) 

(D) 

(C) 
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Table 4.4 XRD data of Glabrin. 

Parameters Glabrin 

Empirical formula C7H14NO4 

Formula weight 175.0845 

Crystal habit Rectangular plates 

Colour Brown 

Crystal system Orthorhombic 

Space group P 21 21 21 

Temperature, T 296 K 

Wavelength, λ(Å) 0.7107 

Volume, V (Å
3
) 765.2(2) 

Cell formula unit Z 4 

Calculated density, Mg m
-3

 1.495 

Unit cell dimensions 
a= 6.1799(10)Å, b=  9.5894(17)Å, c=  12.912(2)Å 

α= 90.00ᵒ, γ= 90.00ᵒ, β= 90.00° 

Completeness to θ 99% (θ = 28.80°) 

Refinement method SHELXL-97 (Sheldrick, 1997), Olex2 

4.3.2.3. Field emission scanning electron microscope (FESEM) 

Figure 4.14 shows the FESEM image of a Glabrin crystal having sharp edges. Size of 

the crystal obtained after purification and crystallisation is in the range of 0.1-0.6 mm. 

 

Figure 4.14 FESEM image of Glabrin, inset surface topography of crystal. 
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4.4. Conclusion 

In this chapter, two compounds (PPS-E and PPS-M) were characterized using various 

analytical and spectroscopic techniques. Theoretical vibrational assignment of 

compounds showed good agreement when compared with experimental values. PPS-E 

and PPS-M have been characterized and identified as a furanoflavone namely Karanjin 

(IUPAC: 3-methoxy-2-phenylfuro [2,3-h]chromen-4-one) and cyclic amino acid as 

Glabrin (IUPAC: 4,5-dihydroxy-1-methylpiperidine-2-carboxylic acid). 
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Chapter 5 

 

UV-Visible absorption and fluorescence spectra of Karanjin in 

different solvents and solvent mixture 

5.1. Introduction 

Flavonoids (C6-C3-C6 backbone) are secondary metabolites abundantly present in the 

plant tissues. They have attracted attention because of their versatile health benefits 

(Pandey and Kumar, 2013). The conjugated ring structure in flavonoids makes them 

sensitive to changes in their immediate surroundings, thereby altering their photophysical 

properties and photobiological behavior. Aromatic groups present in all flavonoids 

contribute to their UV absorption in the 250 nm region, while certain flavonoids contain 

carbonyl groups that absorb light in 300 nm region. Thus, the molecular structure of 

flavonoids like planarity, conjugation, and substituents play an essential role in their 

photostability and photophysical properties (Sisa et al., 2010; Voicescu et al., 2014). 

However, investigating the spectroscopic properties of these bioactive compounds in 

vivo is difficult in a biological system. Therefore, many biological mimetic conditions 

such as aqueous-organic and micellar systems are often considered for research purposes 

(Liu et al., 2009).  

The characterization of the biologically active natural products is mainly done by 

UV-Visible (Posokhov et al., 2005; Fain et al., 2006; Anouar et al., 2014) and 

fluorescence spectroscopy (Dunford et al., 2003; Sengupta et al., 2005; Bi et al., 2006; 

Sun et al., 2008; Donovalova et al., 2012) owing to their high specificity and sensitivity. 

The solvent environment surrounding the probe is an important factor for understanding 

its photophysical properties that in turn depends on the polarity and ability of the probe 
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to form hydrogen bonds with solvents. The change of solvent affects the ground and 

excited states differently, and these changes are important to study the overall effects of 

the solute-solvent interactions. These interactions can be used in monitoring the 

microenvironment in various neat solvents and solvent mixtures (Zhao et al., 2010; 

Sancho et al., 2011). Many studies have been done on solvatochromism of fluorescent 

molecules in aqueous solutions and organic solvents using UV-Visible absorption and 

fluorescence techniques (Satpati et al., 2005; Gustavsson et al., 2007; Liu et al., 2013).  

On the other hand, the amphiphilic species like sodium dodecyl sulfate (SDS) in 

water lead to the spontaneous self-assembly of surfactant to form micelles in the 

solution. Critical micellar concentration (CMC) is the minimum concentration of the 

surfactant at which micelle formation occurs. Micelles are being accompanied by 

complex and interesting physicochemical phenomena and owing to their basic structural 

similarity with the membrane; they have been one of the most exploited membrane 

mimetic agents (Fendler, 1980; Tulumello and Deber, 2009). It is one of the central 

research topics in colloid science for its useful practical applications in technology 

processes. The solvation dynamics in heterogeneous microenvironments like micelles 

mostly arise due to the restricted movement of the confined water molecules and their 

characteristic properties that are largely different from that of the bulk water 

(Bhattacharyya and Bagchi, 2000) and therefore, make it one of the interesting subjects 

of intense research in recent years.  

Biophysical techniques like UV-Visible spectroscopy and fluorescence 

spectroscopy have always been the primary research tool for understanding the 

photophysical property of the fluorophore. When the continuous radiation passes through 

a chromophore, a portion of the radiation is absorbed by the molecule. As a result of this 

absorption, the electrons in chromophore are excited from the ground vibrational level, 

TH-2041_126106009



Chapter 5|59 

 

S0 (low energy) to higher vibrational levels, S1 or S2 (high energy) in a very short span of 

time (10
-15

 s) (Figure 5.1). The energy difference between these two states in the 

transition is exactly equal to the energy of absorbed radiation which can be represented 

as an absorption spectrum.  

 

Figure 5.1 Jablonski diagram.  

Here: hʋ is a generic term for photon energy with h = Planck's constant (6.63 × 10
-34

 Js) 

and ʋ = frequency of light. 

UV-Visible spectroscopy follows Beer-Lambert law stating that absorbance of 

the analyte is directly proportional to its concentration and pathlength of sample cell as 

per the equation 1.1. 

                     (1.1) 

where, A = absorbance, I0 = intensity of incident light, I = intensity of transmitted light, є 

= molar extinction coefficient or molar absorptivity (M
-1

cm
-1

), c = molar concentration 

of sample (M) and l = pathlength of sample cell (cm). 

Moreover, several physical parameters define the strength of a molecule to 

absorb radiation, such as molar extinction coefficients (є), transition dipole moments (μ  ) 
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and oscillator strengths (f). Compound with higher є value shows higher absorption 

capacity at a given wavelength. It is an intrinsic property of the compound and 

particularly useful in a spectroscopic study in dthe etermination of the concentration of 

the compound of interest. Moreover, knowledge of molar absorptivity of the compound 

will certainly assist in its quantification in biological samples (Trela and Waterhouse, 

1996). 

Transition dipole moment is the electric dipole moment that measures the 

coupling between molecular orbitals associated with the transition between excited state 

and ground state. Determination of ground (Ψa) and excited (Ψb) state dipole moments is 

important as it gives information about the change in electronic distribution upon 

excitation. According to quantum mechanics, the light absorptivity of a molecule 

depends on its transition dipole moment, i.e., a larger transition dipole moment indicates 

stronger absorptivity. It is calculated using equation 1.2. 

                                                 (1.2) 

where, Ψa = wavefunction of the ground state, Ψb = wavefunction of the excited state, μ   

= transition dipole moment operator, є(ʋ) = molar extinction coefficient as a function of 

frequency (Hz).  

Oscillator strength is a dimensionless parameter that expresses the probability 

and absorption strength of electromagnetic radiation in transitions between energy levels 

of an atom or molecule (Radwan, 2007). For spin allowed electronic transitions, 

oscillator strengths generally fall in the range of 1 > f > 0. It is calculated by following 

equation 1.3. 

                          (1.3) 

where, f = oscillator strength, є(ʋ ) = molar a sorption as function of wavenum er (cm
-1

).  
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Following the absorption of radiation, electron stays in singlet excited state only 

for a very short period of time (few nanoseconds or less) and return to ground state. 

Therefore, the extra energy is often lost through the emission of light or luminescence 

process. Luminescence is the emission of light from the molecule and broadly divided 

into two categories fluorescence and phosphorescence depending on its excited state 

electronic transitions. A molecule in the S1 state can return to S0 by the emission of 

photons called „fluorescence‟ and generally occurs in 10
-9

 s. Excited molecule can also 

relax to ground state via first triplet state (T1) by undergoing intersystem crossing and 

spin conversion (Figure 5.1). The emission from T1 is termed as „phosphorescence,‟ and 

the emission is shifted to longer wavelength relative to the fluorescence. The wavelength 

of the excitation radiation is always shorter than the emission radiation. The difference 

between the peak wavelengths of absorption and emission of the fluorophore is called 

„Stokes shift‟ and highly sensitive to the immediate environment around the fluorophore.  

The fluorescence of the molecule can be measured by two different techniques, 

namely: steady-state and time-resolved. Steady-state fluorescence measurement is 

performed with continuous illumination of light, and the emission intensity is recorded as 

a function of wavelength. Time-resolved measurement is used for recording fluorescence 

intensity decay kinetics when the sample is exposed to a short pulse of light. The decay 

is fitted to a kinetic model to extract decay parameters. 

The fluorescence decay kinetics rate constant is one of the most important 

characteristics of a fluorophore because it defines the time window of observation of the 

dynamic phenomenon. The fluorescence lifetime (τ) is defined by the average time the 

molecule spends in the excited state before return to the ground state. There are two 

methods of measuring fluorescence lifetime: frequency-domain and time-domain. In the 

frequency-domain method, the sample is excited with sinusoidally modulated light, and 
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the emission is delayed in time relative to the excitation. This delay is measured as a 

phase shift (φ) which can  e used to calculate the decay time (Lakowicz, 1999). 

In the time-domain method, the sample is excited with an ultra-short pulse of 

light and the fluorescence lifetime can be obtained from the time taken for the intensity 

to decrease to 1/e of its initial value or from the slope of the plot of log I(t) versus t 

(equation 1.4). 

                             (1.4) 

where, I0 = intensity at time t = 0 and τ = decay time  

Equation 1.4 is based on the assumption that the fluorescence decay follows a 

single exponential. For example, N-acetyl-L-Tryptophanamide (NATA) in water showed 

single exponential decay upon fitting and displaying a single lifetime of 2.88 ns (Figure 

5.2). 

 

Figure 5.2 Time-resolved fluorescence intensity decay of NATA in water (λex = 280 nm, λem = 

350 nm). The image shows instrument response function (red), measured decay curve (blue) and 

fitted curve (black).  

Results: τ = 2.88 ns; reduced χ
2 
= 1.065; lower panel: residual plot (Source: GmbH, 2018). 
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However, several fluorophores do not always follow the above equation as it may 

possess several conformational states of different lifetime. For higher order or 

multiexponential decays, intensity decay can be fitted according to equation 1.5. 

                    ;                                                         (1.5) 

where, n = 1, 2 or 3; αi = individual fractional contri utions and τi = their individual 

lifetimes. 

In the case of multiexponential decays, mean lifetime (τm) can be defined as: 

                                                               (1.6) 

where, τm is proportional to the area under the fluorescence intensity decay curve. 

For example, hydroxyquinoline showed bi-exponential decay function displaying mean 

lifetimes of 3.328 ns in 100% dimethylformamide (DMF) and 5.275 ns in 99% Water-

1% DMF mixture (Figure 5.3). 

 

Figure 5.3 Time-resolved fluorescence intensity decay profiles of hydroxyquinoline (β-NN) in 

DMF. The image shows the instrument response function (black), β-NN in 100% DMF (red; λex= 

375 nm, λem = 430 nm), β-NN in 99% Water-1% DMF mixture ( lue; λex= 375 nm, λem = 500 

nm). 

Results: Bi-exponential decays with average lifetimes of 3.328 ns in 100% DMF and 5.275 ns in 

99% Water-1% DMF mixture (Source: Meher et al., 2016). 
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One of the most powerful techniques used for measuring fluorescence decay kinetics in 

time-domain is time-correlated single photon counting (TCSPC) due to its powerful 

electronics, high repetition rate, and picosecond laser light source. In this technique, the 

sample is repetitively excited with pulsed light source serving as a start signal. This 

signal is used to trigger the voltage ramp of the „time to amplitude converter (TAC).‟ 

The voltage ramp is stopped when the detector detects fluorescence photon (stop signal) 

by the sample. The time difference between these start-stop signals provides an output 

voltage by TAC which then converted digitally to time by a multichannel analyzer 

(MCA) and stored. After many repetitive pulses, MCA builds a histogram plot of counts 

versus time. This histogram represents the fluorescence intensity decay (Figure 5.4). 

 

Figure 5.4 Schematic representation of TCSPC setup. 
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An instrument response function (IRF) or lamp function reflects the distribution of 

photons from the excitation pulse in a non-fluorescent scattering media or zero lifetime 

samples. The experiment often starts with a standard sample with known single 

exponential decays kinetics to test the performance of the instrument (Lampert et al., 

1983). The lifetime is extracted using curve fitting software based on the application of 

Marquardt's algorithm for non-linear least squares analysis (Bevington, 1969; Berezin 

and Achilefu, 2010). Careful examination of the deviations between the experimental 

and fitted data comprises of graphical techniques such as weighted residuals or 

autocorrelation function and numerical statistical test like the reduced value of χ
2
 (χR

2
) 

which indicates goodness of the fit (Grinvald and Steinberg, 1974). Moreover, 

fluorescence lifetime has also been used to measure the excited state kinetics of the 

molecule making it a suita le technique to monitor dynamic changes in the fluorophore‟s 

environment (Voicescu et al., 2014; Lemos et al., 2015).  

On the other hand, the relationship between steady state intensity (Iss) and time-

resolved measurements can be expressed as follows (equation 1.7).  

                      (1.7) 

For multiexponential decays, it can be expressed as (equation 1.8). 

                   (1.8) 

where, ISS = steady-state fluorescence intensity. Here, it is clear that steady-state 

intensity is proportional to the lifetime. 

Photophysical characterization of various flavonoids, such as 3-hydroxyflavone 

(Sarkar and Sengupta, 1991), 3,5,7-trihydroxy-8,4′-dimethoxyflavone (Kumar et al., 

2001), coumarins (Evale et al., 2009), 7-hydroxyflavone (Sancho et al., 2011), quercetin 
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(Park et al., 2013; Hofener et al., 2013), formononetin (Dunford et al., 2003), etc have 

been carried out in various aqueous and organic solvents. Numerous studies of 

flavonoids investigated using UV-Visible and fluorescence spectroscopy are summarized 

in Table 5.1. However, very limited literature regarding fluorescence lifetime 

measurement of flavonoids is available. 
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Table 5.1 Photophysical properties of the flavonoids. Parentheses indicate the solvents used in the experiments. 

Sr. 

No. Flavonoid Absorbance Data Fluorescence data 
Quantum yield 

(φ) 
Lifetime (τm) Reference 

1 Robinetin 
λmax = 359 nm (water); 366 nm 

(MeOH); 356 nm (EtOAc) 

Ex 370 nm 

λmax = 490 nm (MeOH); 424 nm 

(EtOAc) 

- - 
Guharay and 

Sengupta, 1997 

2 
2-(2-benzo [b] furanyl) 

3-hydroxychromone 

λmax = 336 nm (EtOH); 358 nm 

(CH3CN) 

Ex 450 nm 

λmax = 544 nm (EtOH); 542 nm 

(CH3CN) 

0.12 (EtOH);  

0.18 (CH3CN) 
- 

Klymchenko et al., 

2001 

3 3-Hydroxyflavone  
λmax = 394 nm (EtOAc); 410 nm 

(water) 

Ex 410 nm 

λmax = 475 nm (EtOAc); 554 nm 

(water) 

0.03 (EtOAc); 

0.003 (water) 
- 

Klymchenko et al., 

2002 

4 
A) Flavone 

B) 7-Hydroxyflavone 

A) λmax = 294 nm (MeOH) 

B) λmax = 308 nm (MeOH) 
- - - Sancho et al., 2011 

5 

A) Fisetin 

B) Apigenin 

C) Quercetin 

D) Kaempferol 

E) Morin 

A) λmax = 365 nm (MeOH-water) 

B) λmax = 338 nm (MeOH-water) 

C) λmax = 372 nm (MeOH-water) 

D) λmax = 366 nm (MeOH-water) 

E) λmax = 357 nm (MeOH-water) 

A) Ex 377 nm 

     λmax = 470 nm (MeOH-water) 

B) Ex 390 nm 

     λmax = 524 nm (MeOH-water) 

C) Ex 425 nm  

     λmax = 484 nm (MeOH-water) 

D) Ex 426 nm 

     λmax = 484 nm (MeOH-water) 

E) Ex 417 nm  

     λmax = 490 nm (MeOH-water) 

- 

- 

Hofener et al., 2013 

Continued.. 
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Sr. 

No. 
Flavonoid Absorbance Data Fluorescence data 

Quantum yield 

(φ) 
Lifetime (τm) Reference 

6 

A) Quercetin  

 

B) Apigenin  

A) λmax = 370 and 257 nm 

(MeOH-water); 

 335 and 265 nm (CH3CN-water) 

B) λmax = 370 and 255 nm 

(MeOH-water);  

320 and 270 nm (CH3CN-water) 

A) Ex 320 nm 

     λmax = 381 nm (MeOH);  

               376 nm  (CH3CN) 

B) Ex 325 nm 

     λmax = 395 nm (MeOH);  

               395 nm  (CH3CN) 

A) 23.7×10
-3

 

(MeOH); 

20.9×10
-3

 

(CH3CN) 

B) 9.78×10
-3

 

(MeOH); 

17.7×10
-3

 

(CH3CN) 

A) Ex 337 nm  

3.34 ns (MeOH); 

4.81 ns (CH3CN) 

B) Ex 337 nm 

2.67 ns (MeOH);  

4 ns (CH3CN) 

Park et al., 2013 

7 

Flavonoid crude extract 

from Syngonanthus 

nitens 

λmax = 330 nm (isopropanol and 

water); 340 nm (DMSO, 

propylene glycol and MeOH) 

Ex 375 nm 

λmax = 435 nm (acetone, isopropyl 

and MeOH); 460 nm (water); 488 

nm (DMSO) 

- 

Ex 375 nm 

0.5, 1.8 and 5.6 ns 

(solvent not 

mentioned)  

Berlim et al., 2018 

8 Artepillin C λmax = 291 nm (citrate-phosphate) 
Ex 310 nm 

λmax = 400 nm (aqueous, pH 7) 
- 

Ex 296 nm 

0.18 ns (aqueous, 

pH 7) 

Camuri et al., 2018 
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Karanjin, a furanoflavonoid (3-methoxy-2-phenylfuro[2,3-h] chromen-4-one) isolated 

from Pongamia pinnata, is the most widely studied flavonoid due to its vast biological 

and therapeutic activities (Figure 5.5).  

 

Figure 5.5 Structure of Karanjin (IUPAC: 3-methoxy-2-phenylfuro[2,3-h]chromen-4-one). 

Flavonoid like Karanjin is characterized by fully unsaturated rings in a single 

conjugated system with furan ring, phenyl, and methoxyl as substituent groups. Christoff 

et al., (1996) have also shown the significant changes in the photophysical and 

photochemical behavior of the flavones upon introduction of a methoxyl group in the 

molecule. It is, therefore, important to know the local microenvironmental influence on 

the photophysics of Karanjin for understanding its biological activities.  

This chapter describes the measurement of spectral parameters related to intrinsic 

UV-Visible absorption and fluorescence of Karanjin. The high analytical sensitivity and 

specificity of fluorescence provides advantages over other physical techniques and offers 

a powerful approach for understanding the photophysical and photochemical features of 

the flavonoid in different microenvironments at physiologically relevant concentrations 

(micromole range), from both qualitative and quantitative perspectives.  

5.2. Materials and methods 

5.2.1. Compound and solvent 

Karanjin was isolated and purified by the protocol described earlier in the previous 

chapter. Karanjin with 98% purity was used for the investigation of all spectroscopic 
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studies in different solvents, such as EtOAc, MeOH, water, and glycerol. All solvents 

used were HPLC grade, purchased from Spectrochem (India). Surfactant like SDS was 

purchased from Sigma-Aldrich, India (L4509). The micellar surfactant solutions (20 

mM) were prepared in deionized water. Two sets of sample-surfactant solutions were 

used; freshly prepared sample-surfactant solution and the sample incubated in surfactant 

solution overnight (~12 h) at room temperature (22-25°C) labeled as SDS FR and SDS 

ON, respectively. N-acetyl-L-tryptophanamide (NATA, ε = 5,690 M
-1

cm
-1

 at 280 nm) 

was purchased from Sigma-Aldrich, India (A6501) and was prepared in deionized water 

(Milli Q, Millipore). The solutions were allowed to equilibrate to ambient conditions 

before any data acquisition. 

 

5.2.2. UV-Visible spectroscopy of Karanjin 

5.2.2.1. Absorption spectra of Karanjin in different solvent 

Absorption spectra of Karanjin were recorded with Perkin Elmer Lambda 25 

spectrophotometer using quartz cuvettes of 1 cm pathlength in the range of 230 to 400 

nm. Solvents used in this study are neat (EtOAc, MeOH, water, and SDS) and binary 

solvent mixtures (water-MeOH and glycerol-MeOH). Blank consisted of the solvents 

used for respective samples. A certain amount of Karanjin (10, 20, 30, 40 and 50 µM) 

dissolved in neat solvents were used to calculate the molar extinction coefficient (є, M
-

1
cm

-1
) of the compound. Absorbance values were plotted against different concentrations 

of Karanjin used to o tain slopes indicating є in respective conditions. All the 

experiments were repeated multiple times. 
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5.2.2.2. Transition dipole moment and oscillator strength determination  

A sorption spectra of Karanjin (50 μM) in different solvents were recorded by UV-

Visible spectrophotometer in the range of 230-400 nm. Transition dipole moment and 

oscillator strength of Karanjin in different solvents were determined experimentally by 

integration of the absorption peak from respective UV-Visible spectra. The wavelengths 

were rescaled in terms of respective wavenumbers (ʋ ) and frequency (ʋ) as needed.  

Equation 1.2 was used for the calculation of transition dipole moment, where 

ε(ʋ) is the molar extinction coefficient as a function of frequency (Hz). A graph was 

plotted, and area under the peak (ε/ʋ VS ʋ) was then integrated from λ230 to λ400. The 

values obtained from the graph was used to obtain transition dipole moments of Karanjin 

in different solvents based on the equation. 

 Equation 1.3 was used for the calculation of oscillator strengths of Karanjin in 

different solvents. A graph was plotted  etween ε and ʋ  and area under the peak (ε VS ʋ ) 

was then integrated from λ230 to λ400. The values obtained from the graph was used to 

obtain oscillator strengths of Karanjin in different solvents based on the equation.  

 

5.2.2.3. Critical micellar concentration (CMC) determination 

Surfactant selected for this study is SDS, and its concentration in the aqueous system 

varied from 0.5 to 22 mM. The concentration of Karanjin was kept constant (20 μM) 

throughout the experiment. The absorbance at 263 and 309 nm were plotted as a function 

of SDS concentration. According to the simplest approach (Williams et al., 1995), the 

intersection of two straight lines obtained from absorption spectra at different surfactant 

concentration, which are smaller (pre-micellar range) and higher (post-micellar range) 

gives the value of CMC of SDS in water.  
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5.2.3. Steady-state fluorescence investigation of Karanjin 

Fluorescence spectra of Karanjin in different solvents were recorded with Fluoromax 4 

fluorescence spectrofluorometer at room temperature (22-25°C). Quartz cuvettes of 1 cm 

pathlength were used for all experiments. Fluorescence emission spectra of Karanjin (1 

µM) in different neat media (MeOH, SDS FR, SDS ON, and water) excited at 260, 295, 

305 and 340 nm were collected. The long pass filter with 305 nm cut-off was used to 

suppress 520 nm peak in the spectra when the sample is excited with 260 nm. Spectra of 

Karanjin (1, 5 and 20 μM for water-MeOH; 10 μM for glycerol-water and glycerol-

MeOH solvent mixtures) were also recorded. Excitation wavelength (ex) used was 

according to the excitation maxima (em) of Karanjin in respective solvents. All the 

fluorescence data were recorded in the range of 320-600 nm in multiple scans. 

Appropriate blanks were subtracted from the respective experimental data recorded in 

the same conditions. All the fluorescence spectra were recorded with constant slit widths 

(excitation and emission slits are 1 and 10 nm, respectively). Integrated fluorescence 

intensity was computed by calculating the area under emission spectrum. Stokes shifts of 

Karanjin in different solvents were also calculated using absorption spectra, and steady-

state fluorescence emission spectra excited at 260, 295, 305 and 340 nm and were 

presented as absorbance maxima, emission maxima and Stokes shift (in terms of ∆, nm 

and ∆ʋ , cm
-1

). 

5.2.4. Time-resolved fluorescence investigation of Karanjin 

Time-resolved fluorescence intensity decay measurements were carried out with Horiba 

DeltaPro instrument with time-correlated single photon counting (TCSPC) technique, 

using 295 and 340  nm pulsed LED excitation source (Horiba DeltaDiode, DD 295 and 

DD 340, UK) at room temperature (22-25°C). Karanjin (1 µM) was dissolved in 
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different solvents (MeOH, SDS FR, SDS ON, and water). The fluorescence decays were 

collected at a time resolution of 0.028 ns/channel and acquired in 4096 channels. The 

peak count for a single decay was fixed at 20,000 and 10,000 for 295 and 340 nm 

excitations respectively. Pulse widths of 295 and 340 nm excitations were 0.8 and 0.75 

ns, respectively. The instrument response function (IRF) was obtained at both excitations 

(295 and 340 nm) using a dilute colloidal suspension of chalk and recorded before the 

acquisition of all the samples. Fluorescence intensity decay data was analyzed by 

iterative reconvolution technique using PERI software written by Prof. Periasamy to 

extract decay parameters (Swaminathan et al., 1994a; Swaminathan et al., 1994b). The 

goodness of the fit was judged  y reduced χ
2
 values (χR

2
) and visual inspection of 

randomness of the weighted residuals along with autocorrelation functions among the 

data channels. 

5.3. Results  

5.3.1. UV-Visible spectroscopy of Karanjin 

5.3.1.1. Absorption spectra of Karanjin in neat solvent 

The UV-Visible absorption spectra of Karanjin (50 μM) contain two main a sorption 

bands around 261 nm (band I, S0-S2 transition) and 309 nm (band II, S0-S1 transition) as 

shown in Figure 5.6. The absorption spectrum of Karanjin is similar to the spectrum 

obtained by Arshad et al. (2013). The spectrum showed band I has higher absorbance 

than band II in all the samples. The absorption maxima of Karanjin in different solvents 

are shown in Table 5.2. The spectra show absorption maxima around 259-263 nm (band 

I) and 299-309 nm (band II) with a shift of the maxima with respect to the dielectric 

constants of solvents used. Karanjin in non-polar solvent like EtOAc has max at 259 and 

299 nm. The band at 259 nm in EtOAc shows a significantly less red shift with an 
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increase in polarity. The band at 299 nm in EtOAc shows a higher red shift with an 

increase in solvent polarity. However, the absorbance of Karanjin in water decreases as 

compared to other solvents with max at 261 and 309 nm. Karanjin dissolved in micellar 

solutions (SDS FR and SDS ON) has absorption maxima at 263 and 309 nm. There is no 

difference between the absorption maxima and the absorbance when the sample is 

dissolved in freshly prepared and overnight incubated SDS solution. It showed that UV-

Visible absorbance property of Karanjin in micellar solution is independent of the time 

required for the sample incubation. The less pronounced red shift of λmax in the 

absorption spectra observed in all the solvents indicates that the ground‐state energy 

distribution is not affected to a greater extent possibly due to the less polar nature of 

Karanjin in the ground state than in the excited state (Husain et al., 2012).  

 

Figure 5.6 Absorbance spectra of Karanjin (50 μM) in different solvents (EtOAc, MeOH, water, 

SDS freshly prepared and SDS overnight incubated).  

5.3.1.2. Molar extinction coefficient of Karanjin  

In the current study, the molar extinction coefficients of Karanjin were determined and 

compared in different solvents (Figure 5.7 and Table 5.2). Extinction coefficients of 

Karanjin dissolved in different solvents are higher in the band I than band II. It also 
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showed a linear relationship with the sample concentration and followed Beer-Lam ert‟s 

law (Figure 5.7 A and B). Extinction coefficient found to vary with the polarity of 

solvent; Karanjin in MeOH has the highest extinction coefficient followed by SDS and 

EtOAc (Figure 5.7 C). At λmax1, Karanjin dissolved in MeOH has the highest extinction 

coefficient (ε = 23,947 M
-1

cm
-1

) and least when Karanjin is dissolved water (ε = 6,350 

M
-1

cm
-1

). Karanjin dissolved in aqueous SDS micellar solutions (SDS FR and SDS ON) 

showed the insignificant difference in extinction coefficient at λmax1. At λmax2, Karanjin 

dissolved in SDS FR has the highest extinction coefficient of (ε = 16,103 M
-1

cm
-1

) and 

least when Karanjin is dissolved water (ε = 4,113 M
-1

cm
-1

). Karanjin dissolved in a non-

polar solvent like EtOAc also showed comparatively high extinction coefficient of 

21,840 and 14,586 M
-1

cm
-1 
at λmax1 and λmax2, respectively. 
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Figure 5.7 Molar extinction coefficients calculation of Karanjin in different solvents at two 

absorption maxima. (A) ~λmax 260 nm (band I); (B) ~λmax 303 nm (band II) and (C) Comparison 

of the averages of molar extinction coefficient determined at two different maxima. 

 

 

(A) 

(B) 

(C) 
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Table 5.2 λmax and molar extinction coefficient of Karanjin in different solvents, at two different 

wavelength maxima. Molar extinction coefficient values reported are the averages of multiple 

measurements (n = 4 times) using different concentrations of Karanjin (10-50 μM); as shown in 

Figure 5.7. 

Solvent 
Refractive 

index (25°C) 

Dielectric 

constant (25°C) 

λmax1 

(nm) 

Є at λmax1 

(M
-1

cm
-1

) 

λmax2 

(nm) 

Є at λmax2 

(M
-1

cm
-1

) 

EtOAc 1.375 6 259 21,840 ± 163 299 14,586 ± 106 

MeOH 1.331 33 260 23,947 ± 102 303 15,805 ± 689 

SDS FR
 

1.335 - 263 22,971 ± 916 309 16,103 ± 735 

SDS ON
 

1.335 - 263 22,395 ± 127 309 15,835 ± 468 

Water 1.333 79 261 6,350 ± 824 309 4,113 ± 530 

5.3.1.3. Absorption study in solvent mixture 

The solvent effects on the electronic absorption spectra of Karanjin in binary mixtures 

were also investigated (Figure 5.8), and the data were tabulated along with the 

absorbance ratio between both wavelength maxima (A261/A309) (Table 5.3 and 5.4). 

Karanjin was dissolved in the binary mixtures that were made with an increasing 

percentage of water in MeOH mixture and glycerol in MeOH mixture. The spectral 

pattern of the Karanjin (20 μM) in water-MeOH mixtures fluctuates up to 70% volume 

fraction of water and then reveals a transition that abruptly decreases till it reaches 90% 

fraction of water. For 10 μM Karanjin, this transition occurs late at 80-90% fraction of 

water which might be attributed due to the decrease in solubility with an increase in 

water fraction (Figure 5.8 A). In MeOH-glycerol mixture, however, A261 decreases with 

increasing glycerol percentage till 80% but shows an increase from 80-90%. A309 shows 

nearly constant value with increasing glycerol percentage till 80% but shows an increase 

from 80-90% like A261 (Figure 5.8 B).  
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Figure 5.8 The absorbance spectrum of Karanjin in different percentages of (A) Water in MeOH 

(0-100%) at 10 and 20 μM Karanjin; (B) Glycerol in MeOH (0-90%) at 10 μM Karanjin. The 

absorbance of Karanjin in 100% glycerol is not shown. 

Table 5.3 A sor ance data of Karanjin (10 and 20 μM) in water-MeOH solvents; as shown in 

Figure 5.8A. 

Percentage of water 

in MeOH (per mL) 

λ261 (nm) λ309 (nm) 
Absorbance Ratio 

(261/309) 

10 μM 20 μM 10 μM 20 μM 10 μM 20 μM 

0% 0.43 0.96 0.27 0.61 1.56 1.56 

10% 0.5 1.04 0.32 0.67 1.57 1.53 

20% 0.47 1.02 0.29 0.67 1.58 1.53 

30% 0.5 1.01 0.32 0.66 1.57 1.51 

40% 0.51 0.93 0.33 0.61 1.53 1.51 

50% 0.38 1.06 0.24 0.71 1.57 1.49 

60% 0.4 1 0.26 0.66 1.55 1.51 

70% 0.43 0.92 0.27 0.61 1.56 1.5 

80% 0.38 0.33 0.24 0.22 1.59 1.5 

90% 0.16 0.2 0.09 0.13 1.75 1.53 

100% 0.16 0.22 0.08 0.14 1.84 1.53 

 

 

 

(B) (A) 

Pure MeOH                       Pure Water Pure MeOH                       Pure Glycerol 

TH-2041_126106009



Chapter 5|79 

 

Table 5.4 Absorbance data of Karanjin (10 μM) in glycerol-MeOH solvents; as shown in Figure 

5.8B. 

Percentage of glycerol 

in MeOH (per mL) 
λ261 (nm) λ309 (nm) 

Absorbance Ratio 

(261/309) 

0% 0.31 0.19 1.59 

10% 0.27 0.18 1.51 

20% 0.32 0.20 1.60 

30% 0.26 0.18 1.42 

40% 0.25 0.18 1.42 

50% 0.23 0.16 1.48 

60% 0.24 0.17 1.39 

70% 0.24 0.17 1.35 

80% 0.21 0.16 1.31 

90% 0.32 0.26 1.21 

 

5.3.1.4. Transition dipole moment and oscillator strength  

Transition dipole moment measures the transition from one state to another; which 

occurs when the radiation field connects the two states and represents all atomic and 

molecular parameters related to the “strength” of the transition. Transition dipole 

moments of Karanjin in different solvents were calculated (Table 5.5). Karanjin in SDS 

FR and SDS ON have high transition dipole moments of 7.47 and 7.43 Debyes (or D), 

respectively, followed by Karanjin in MeOH with transition dipole moment of 7.35 

Debyes. Karanjin in water has the least transition dipole moment of 4.56 Debyes. 

The oscillator strength characterizes the intensity of a transition between excited 

and ground states of the molecule. Oscillator strengths of Karanjin in different solvents 

were calculated and tabulated in Table 5.5. From the experimental data, Karanjin has 

high oscillator strengths of 0.94 and 0.93 in SDS FR and SDS ON, respectively, 

followed by Karanjin in MeOH with an oscillator strength of 0.92. Karanjin in water has 

the least oscillator strength of 0.35. 
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Table 5.5 Transition dipole moments and oscillator strengths of Karanjin (50 μM) in different 

solvents.  

Solvents Transition dipole moment (Debyes) Oscillator strength 

EtOAc  6.83  0.80  

MeOH 7.35 0.92 

SDS FR 7.47 0.94 

SDS ON 7.43 0.93 

Water 4.56 0.35 

 

5.3.1.5. CMC determination 

CMC of SDS in water in the presence of Karanjin (20 μM) was determined as a function 

of surfactant concentration at room temperature (~23°C) (Figure 5.9). The linear 

regression analysis for the concentration dependence of these absorbance bands reveals 

that it obeyed Lambert-Beer‟s law for the surfactant concentration range studied up to 9 

μM [SDS]. Figure 5.9 A represents a plot between the absorbance recorded at two 

different absorption maxima wavelengths (263 and 309 nm) and different concentrations 

of surfactant. A change of slope in the plot between absorbance at absorption maximum 

and surfactant concentration is observed when micelles start to form, and the CMC value 

can be obtained from the intersection. Interestingly, breakpoints clearly showed the CMC 

values of the SDS solution in the presence of Karanjin at 9.77 and 9.89 mM when the 

absorbance spectra are taken at 263 and 309 nm, respectively (Figure 5.9 B and C). 

There is a very small peak shift (2 nm) or broadening in the absorption spectra. Karanjin 

being water insoluble molecule is likely to locate near the hydrophobic core of micelles 

when the surfactant concentration is above the CMC (Figure 5.10). At post-

micellization, the addition of the surfactant only increases the number of free micelles in 

the sample-surfactant solution that can be explained by the constant value of absorbance 

beyond the CMC.  
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However, many researchers have reported CMC of SDS in water to be in the 

range of 7-8.7 mM (Table 5.6). Many factors such as addition of electrolytes (Benito et 

al., 1997), buffer pH (Lin et al., 1996), temperature (Garidel et al., 2000), ionic strength 

of the aqueous solution (Emerson and Holtzer, 1965; Garidel et al., 2000) presence of 

additives (Lin et al., 2001), etc., make the CMC of SDS different from that determined in 

pure water. CMC value of surfactants under different environmental conditions is 

important for a number of different biological and chemical processes. 

 

  

Figure 5.9 CMC determination of SDS in water in the presence of Karanjin (20 μM). (A) 

Absorption spectra at 263 and 309 nm; (B) 263 nm and (C) 309 nm. 

(A) 

(B) (C) 
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Figure 5.10 SDS micellization in water encapsulating Karanjin. 

Table 5.6 CMC values of SDS in water determined by various methods (at 25°C). 

CMC determination methods CMC (mM) References 

Conductometry 
8 

8.2 

Marcolongo and Mirenda, 2011 

Cirin et al., 2012 

Surface tension measurement 

7.2 

9 

8.2 

Schick, 1964 

Bahri et al., 2006 

Cirin et al., 2012 

Speed of sound measurement 8.72 Junquera et al., 1994 

Bipolar pulse conductance 8.5 Hammond et al., 1980 

Pyrene fluorescence probe  
7.4 

8.1 

Dominguez et al., 1997 

Aguiar et al., 2003 

Capillary electrophoresis 
8.3 

8.1 

Cifuentes et al., 1997 

Stanley et al., 2009 

Absorbance 
7 

8.1 

Beyaz et al., 2004 

Demissie and Duraisamy, 2016 

Fiber-optic refractive index sensing 8.1 Tan et al., 2010 
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5.3.2. Steady-state fluorescence investigation of Karanjin 

5.3.2.1. Steady-state fluorescence study of Karanjin in neat solvent 

Fluorescence spectra of Karanjin (1 μM) in different solvents are obtained by excitation 

at 260 and 305 nm (Figure 5.11). The fluorescence intensity, area under the emission 

curves and λmax at respective excitations are summarized in Table 5.7 for two bands: 

Band I (320-370 nm) and Band II (370-590 nm).  

  
Figure 5.11 Steady-state fluorescence emission spectra of Karanjin (1 μM) excited at (A) 260 

nm and (B) 305 nm in different solvents as indicated. The emission spectrum of NATA in water 

(1 μM) excited at 260 nm is shown as control (Alston et al., 2004).  

 

Table 5.7 Steady-state fluorescence parameters of Karanjin (1μM) in different solvents excited at 

260 and 305 nm; as shown in Figure 5.11. The area under the emission curve of NATA in water 

(λ300- λ500 nm) is shown in the first table. 
*
NA - not applicable. 

Band I: 320-370 nm 

 

 

Solvent/Excitation 

Maximum Intensity 

(A.U.) 

Area under the curve 

(A.U.) 
λmax (nm) 

260 nm 305 nm 260 nm 305 nm 260 nm 305 nm 

MeOH 1.2 × 10
5
 3.8 × 10

4
 4.3 × 10

6
 1.6 × 10

6
 324 341 

SDS FR 1.0 × 10
5
 1 × 10

5
 3.9 × 10

6
 4.4 × 10

6
 327 340 

SDS ON 1.1 × 10
5
 1.4 × 10

5
 4.6 × 10

6
 5.9 × 10

6
 329 340 

Water 1.6 × 10
4
 <10

2 
5 × 10

5
 <10

2
 325 340 

NATA 7.3 × 10
5
 

*
NA 5× 10

7
 NA 350 NA 

(B) (A) 

Continued.. 
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Band II: 370-590 nm 

Karanjin showed two emission peaks in all the solvents at both excitations except 

Karanjin in water at 305 nm excitation (Figure 5.11). These peaks are labeled as band I 

and band II in the region 320-370 nm and 370-590 nm respectively. For both emission 

bands, Karanjin dissolved in SDS ON has highest fluorescence intensity and yield 

followed by SDS FR at both 260 and 305 nm excitations (Table 5.7). For band I, 

Karanjin dissolved in water has least fluorescence intensity (~10
4
) and yield (~10

5
) at ex 

= 260 nm, however, emission peak is absent at ex = 305 nm. The band I of Karanjin 

dissolved in MeOH has less fluorescence intensity and yield at 305 nm excitations. At 

260 nm excitation, its intensity and yield are comparable to SDS ON.
 
For band II, 

Karanjin dissolved in MeOH has the least fluorescence intensity and yield at both 260 

and 305 nm excitations followed by water. Band II is found to be more sensitive to the 

polarity of the solvent than the band I. 

The solvatochromic shift of Karanjin is observed with an increase in the polarity 

of the solvents. The polarity of solvents leads to remarkable changes in the shape of the 

fluorescence emission spectra and shifts the emission maxima to a longer wavelength. 

For band II, the emission maxima of Karanjin in water for both excitations (260 and 305 

nm) are at 491 nm, while for MeOH they are at 434 and 455 nm respectively. Significant 

differences in emission maxima are observed in the band I also. The difference in 

spectral em when Karanjin dissolved in pure water, and pure MeOH is evident when 

Solvent/Excitation 

Maximum Intensity 

(A.U.) 

Area under the curve 

(A.U.) 
λmax (nm) 

260 nm 305 nm 260 nm 305 nm 260 nm 305 nm 

MeOH 1.9 × 10
5
 1.4 × 10

5
 2.5 × 10

5
 1.9 × 10

7
 434 455 

SDS FR 6.6 × 10
5
 5.6 × 10

5
 8.4 × 10

7
 7.3 × 10

7
 459 465 

SDS ON 7.9 × 10
5
 7 × 10

5
  1 × 10

8
 9.1 × 10

7
 456 456 

Water 2.1 × 10
5
 1.9 × 10

5
 2.7 × 10

5
 2.4 × 10

7
 491 491 
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excited at two different wavelengths. For band II, the spectra exhibited a huge blue shift 

of ~57 nm at ex = 260 nm compared to water, whereas the spectra exhibited a blue shift 

of ~36 nm at ex = 305 nm. The huge Stokes shift of emission maxima of all Karanjin 

samples could be due to the marked difference between the excited state and the ground 

state dipole moment of Karanjin, resulting in a stronger interaction with polar solvents in 

the excited state. Interestingly, fluorescence emission was not observed when Karanjin is 

dissolved in EtOAc (data not shown).  

5.3.2.2. Stokes shift 

The magnitude of the Stokes shift is dependent on the fluorophore and its environment. 

Stokes shift in different solvents has been determined from the absorption and Band II of 

fluorescence emission spectra of Karanjin (Figure 5.12). The fluorescence of Karanjin 

exhibits large Stokes shift in water and SDS, and the magnitude of these shifts increase 

with solvent polarity from MeOH to water. Karanjin in MeOH showed least Stokes shift 

of 174 and 152 nm at 260 and 305 nm excitations, respectively. The Stokes shift is 

represented as wavenumber difference (∆ʋ , cm
-1

) as shown in Table 5.8 to reflect the 

difference in absorption/emission maxima in terms of energy. The largest Stokes shift of 

230 and 182 nm when Karanjin dissolved in water excited at 260 and 305 nm, 

respectively. The huge Stokes shift of Karanjin in pa olar protic solvent like water 

indicates a large change in dipole moment of Karanjin in the excited state compared to 

the ground state. Substantial Stokes shifts might be due to the dynamic process of the 

solvent molecules to reorient themselves around the newly created excited state dipole 

which lowers its energy and shifts emission to longer wavelength (often called as solvent 

relaxation occurs in 10
-10

 s) (Lakowicz, 1999). The magnitude of these shifts increase 
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with solvent polarity due to large solvent relaxation of polar solvents like water. Such 

large Stokes shifts hint at the presence of a charge transfer state in Karanjin. 

  

Figure 5.12 Stokes shift of Karanjin (1μM) in different neat solvents excited at 260 and 305 nm. 

Stokes shift expressed as (A) ∆, nm and (B) ∆ʋ , cm
-1

. 

Table 5.8 A sor ance maxima (λabs), emission maxima (λem) and Stokes shifts of Karanjin 

(1μM) in different solvents excited at 295 and 305 nm; as shown in Figure 5.12. 

Solvents 

Excitation - 260 nm Excitation - 305 nm 

λabs 

(nm) 

λem 

(nm) 

Stokes shift λabs 

(nm) 

λem 

(nm) 

Stokes shift 

∆ (nm) ∆   (cm
-1

) ∆ (nm) ∆   (cm
-1

) 

MeOH 260 434 174 15,420 303 455 152 11,025 

SDS FR 263 459 196 16,236 309 465 156 10,857 

SDS ON 263 456 193 16,093 309 456 147 10,433 

Water 261 491 230 17,948 309 491 182 11,996 

 

5.3.2.3. Steady-state fluorescence study of Karanjin in solvent mixture 

5.3.2.3.1. Glycerol in MeOH  

To restrict internal rotation (RIR), the viscosity of the media has been incorporated into 

this study. As the viscosity strongly perturbs the RIR process, viscosity dependent 

studies will substantiate the RIR hypothesis. The normalized maximum fluorescence 

intensity of Karanjin in different percentages of glycerol in MeOH (with glycerol as 0 to 

100%, per mL) excited at 260 and 305 nm are shown in Figure 5.13. The emission 

(A) (B) 
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intensity increases with an increase in the percentage of glycerol. This increase is also 

accompanied  y an increase in emission λmax. The emission maxima peak is at 459 nm in 

pure MeOH (0% glycerol) and shifts to 478 nm in pure glycerol (0% water) at excitation 

260 nm (Figure 5.13 A). Similarly, the emission maxima peak is at 455 nm in pure 

MeOH and shifts to 471 nm in pure glycerol at excitation 305 nm (Figure 5.13 B). The 

gradual addition of glycerol increases the viscosity of the medium, and consequently, 

fluorescence intensity also increases.  

  

Figure 5.13 Steady-state fluorescence emission spectra of Karanjin (10 μM) in different 

percentage of glycerol in MeOH excited at (A) 260 nm and (B) 305 nm. Emission acquisition 

range: 420-560 nm.  

The percentage values indicate the volume percentage of glycerol in MeOH solution (v/v). The 

condition with highest maximum intensity was normalized to unity. Maximum intensity at other 

conditions was normalized with respect to this value. 

5.3.2.3.2. Glycerol in water  

The fluorescence emission spectra of Karanjin in the glycerol-water binary solvent was 

excited at 260 and 305 nm as shown in Figure 5.14. The fluorescence intensity increases 

with the increase in the percentage of glycerol in aqueous solutions. λmax of Karanjin is 

observed at 494 nm in pure water (0% glycerol) has blue shifted to 476 nm when 

Karanjin is dissolved in pure glycerol (0% water) (Figure 5.14 A and B).  

(A) (B) 

Pure MeOH                        Pure Glycerol 
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Figure 5.14 Steady-state fluorescence spectra of Karanjin (10 μM) in glycerol-water excited at 

(A) 260 nm and (B) 305 nm. Emission acquisition range: 420-560 nm. Other conditions are 

similar to Figure 5.13. 

5.3.2.3.3. Water in MeOH  

Fluorescence spectra of Karanjin (1, 5 and 20 μM) in different MeOH-water mixtures 

were obtained by excitation at 261 and 309 nm. The area under the emission curves of 

each spectrum was calculated. Fluorescence intensity, area under the emission curves 

and λmax values were plotted against the different percentage of water in the methanolic 

solution as shown in Figure 5.15. The fluorescence intensity of Karanjin showed bell-

shaped where the intensity increases up to 50% volume fraction of water and then 

gradually decreases till it reaches 100% fraction of water (Figure 5.15 A and B). 

Similarly, fluorescence yield showed bell-shaped curve at both 261 and 305 nm 

excitations (Figure 5.15 C and D). At 20 μM Karanjin, the fluorescence intensity and 

yield drop in a similar manner as absorbance with an increase in the percentage of water 

in MeOH solutions (70-90%) as shown in Figure 5.8 and Table 5.3. The emission 

spectra showed that the gradual addition of water as cosolvent increases the polarity of 

the mixtures. The continuous red shift in λmax is observed with increase water fraction in 

the mixture at  oth 261 and 305 nm excitations except at high concentration (20 μM) 

(A) (B) 

Pure Water                    Pure Glycerol 
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where λmax remains almost constant (Figure 5.15 E and F). This shift might be attributed 

due to more solvent relaxation when water is a major solvent component. 
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Figure 5.15 Steady-state fluorescence study of Karanjin (1, 5 and 20 μm) excited at 261 and 309 

nm representing fluorescence intensity (A and B), area under the curve (C and D) and λmax (E 

and F), on the gradual addition of water to MeOH solutions. Emission acquisition range: 420-560 

nm. Other conditions are similar to Figure 5.13. 

(A) (B) 

(C) (D) 

(E) (F) 

Intensity 

Area under the curve 

λmax  
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5.3.3. Time-resolved fluorescence investigation of Karanjin 

5.3.3.1. Steady-state fluorescence study of Karanjin 

Steady-state fluorescence emission spectra of Karanjin in different solvents were 

acquired after excitation with 295 and 340 nm (Figure 5.16). These excitations and 

conditions of acquiring are similar to that of TCSPC measurement. Areas under the 

emission curves (λ380-λ580) for each condition were calculated. Fluorescence intensity, 

area under the curve, λmax and Stokes shift are summarized in Table 5.9 and Table 5.10.  

  

Figure 5.16 Steady-state fluorescence study of Karanjin (1 μM) in different solvents excited at 

(A) 295 nm and (B) 340 nm. 

Table 5.9 Steady-state fluorescence parameters of Karanjin (1μM) in neat solvents excited at 295 

and 340 nm (TCSPC study); as shown in Figure 5.16. 

 

 

Solvent/ 

Excitation 

Intensity (A.U.) Area under the curve (A.U.) λmax (nm) 

295 nm 340 nm 295 nm 340 nm 295 nm 340 nm 

MeOH 3.3 × 10
5
 4.5 × 10

5
 4.2 × 10

7
 5.1 × 10

7
 454 430 

SDS FR 1.8 × 10
6
 1 × 10

6
 2.3 × 10

8
 1.2 × 10

8
 459 442 

SFS ON 1.9 × 10
6
 1 × 10

6
 2.4 × 10

8
 1.2 × 10

8
 459 442 

Water 2.5 × 10
5
 1.9 × 10

5
 3.3 × 10

7
 2.3 × 10

7
 502 489 

(A) (B) 

TH-2041_126106009



Chapter 5|92 

 

Table 5.10 Stroke shifts of Karanjin (1μM) in neat solvents excited at 295 and 340 nm; as shown 

in Figure 5.16. 

Solvent/ 

Excitation 

Stokes shifts (nm) 

295 nm 340 nm 

∆ (nm) ∆   (cm
-1

) ∆ (nm) ∆   (cm
-1

) 

MeOH 194 16,435 127 9,748 

SDS FR 196 16,236 133 9,738 

SDS ON 196 16,236 133 9,738 

Water 241 18,394 180 11,913 

 

 5.3.3.2. Time-resolved fluorescence study of Karanjin 

Fluorescence lifetime is an intrinsic property of a fluorophore and often affiliated with an 

energetically unstable state. It can be sensitive to a variety of internal factors 

(fluorophore structure and orientation) and external factors (temperature, polarity, and 

interactions with the solvent molecule in solution) (Berezin and Achilefu, 2010). 

Detailed information about the fluorophore can be extracted and renders fluorescence 

lifetime as a separate yet complementary method to traditional fluorescence intensity 

measurements. 

To corroborate the results found in steady-state fluorescence analysis (Figure 

5.17 and Table 5.9), fluorescence lifetime studies of Karanjin in several solvents were 

performed. Karanjin shows bi-exponential decay in all the solvents upon fitting as shown 

in Figure 5.17 (ex 295 nm) and 5.18 (ex 340 nm). For bi-exponential fluorescence 

intensity decays, two parameters become important, namely the individual lifetimes of 

each component (τ1 and τ2) and their fractional contri utions (α1 and α2). Karanjin has 

two lifetimes: one short-lived and long-lived species. Since there is no fluorescence 

emission observed when Karanjin is dissolved in EtOAc solvent, mean lifetime 

measurement becomes impossible. Figures also showed the random distributions of 
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weighted residuals values obtained in fitting the raw decay data of Karanjin in different 

solvents. 

The mean fluorescence lifetime (τm) of Karanjin in different solvent system 

ranges from 1.31 to 2.09 ns and 1.36 to 3.48 ns when excited at 295 (Figure 5.17) and 

340 nm (Figure 5.18) respectively. At 295 nm excitation, Karanjin in SDS FR and SDS 

ON have τm of 2.09 ns (τ1 = 1.56 ns, 1 = 0.81; τ2 = 4.34 ns, 2 = 0.19) and 2.05 ns (τ1 = 

1.49 ns, 1 = 0.78; τ2 = 4.11 ns, 2 = 0.21), respectively. On the other hand, Karanjin in 

MeOH showed least τm of 1.31 ns (τ1 = 1.29 ns, 1 = 0.99; τ2 = 4.86 ns, 2 = 0.021), 

followed  y τm of 1.40 ns (τ1 = 0.86 ns, 1 = 0.21; τ2 = 1.54 ns, 2 = 0.78) when Karanjin 

is dissolved in water. Similarly, at 340 nm excitation Karanjin in SDS FR and SDS ON 

solution showed long mean lifetime of 3.27 ns (τ1 = 2.19 ns, 1 = 0.40; τ2 = 3.98 ns, 2 = 

0.60) and 3.48 ns (τ1 = 3.22 ns, 1 = 0.90; τ2 = 6.06 ns, 2 = 0.09), respectively. 

However, Karanjin in MeOH has the least τm of 1.36 ns (τ1 = 1.20 ns, 1 = 0.89; τ2 = 

2.56 ns, 2 = 0.11) followed  y Karanjin in water with τm of 1.39 ns (τ1 = 1.79 ns, 1 = 

0.73; τ2 = 0.26 ns, 2 = 0.27). Good fit of the fluorescence decay data are observed and 

judged by reduced χ
2 

values of respective conditions. The decay parameters, average 

fluorescence lifetimes and χR
2
 values are listed in Table 5.11. A fairly good linear 

relationship (R
2
 = 0.98 at ex 295 nm; R

2
 = 0.93 at ex 340 nm) is found between area 

under the emission curve obtained from steady-state fluorescence study and mean 

lifetime obtained from TCSPC data as shown in Figure 5.19. 
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(B) 

(A) In MeOH, ex – 295 nm  

In SDS FR, ex – 295 nm

  

Continued.. 
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Figure 5.17 Fluorescence intensity decays of Karanjin (1μM) in different solvents excited at 295 

nm using TCSPC. (A) MeOH; (B) SDS FR; (C) SDS ON and (D) Water.                                                       

(C) 

(D) 

In SDS ON, ex – 295 nm

  

In Water, ex – 295 nm  

TH-2041_126106009



Chapter 5|96 

 

 

 

 

 

 

 

 

 

 

(A) 

(B) 

In MeOH, ex – 340 nm  

In SDS FR, ex – 340 nm

  

Continued.. 
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Figure 5.18 Fluorescence intensity decays of Karanjin (1μM) in different solvents excited at 340 

nm using TCSPC. (A) MeOH; (B) SDS FR; (C) SDS ON and (D) Water. 

 

 

 

(C) 

(D) 

In SDS ON, ex – 340 nm

  

In Water, ex – 340 nm  
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Table 5.11  Bi-exponential fit function parameters for the fluorescence decay of Karanjin (1 μM) 

in different solvents; as shown in Figure 5.17 and 5.18. (Temperature: 22-25°C) τm = Σαiτi 

Excitation Solvent α1 τ1 (ns) α2 τ2 (ns) τm (ns) χR
2 

295 nm 

MeOH 0.99 1.29 0.01 4.86 1.31 0.99 

SDS FR 0.81 1.56 0.19 4.34 2.09 1.1 

SDS ON 0.78 1.49 0.21 4.11 2.05 1.08 

Water 0.21 0.86 0.78 1.54 1.40 1 

340 nm 

MeOH 0.89 1.20 0.11 2.56 1.36 0.97 

SDS FR 0.40 2.19 0.60 3.98 3.27 1.04 

SDS ON 0.90 3.22 0.09 6.06 3.48 1 

Water 0.73 1.79 0.27 0.26 1.39 0.99 

 

 
Figure 5.19 Correlation of area under the curve obtained from steady-state fluorescence and 

mean lifetimes from TCSPC of Karanjin excited at (A) 295 nm and (B) 340 nm. 

 

(A) 

(B) 
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5.4. Discussion 

5.4.1. UV-Visible absorption of Karanjin 

5.4.1.1. Absorption spectra of Karanjin and its molar extinction coefficient in neat 

solvent 

Karanjin exhibits different spectroscopic characteristics depending upon the properties of 

the solubilizing media. Solvatochromic shifts of the ground and excited states of 

Karanjin were analyzed by monitoring the absorption spectra regarding the solute-

solvent and solvent-solvent interactions. From UV-Visible absorption data, it is evident 

that absorption property of Karanjin exhibit strong dependences on solvent 

characteristics. Karanjin showed two major absorption bands viz., band I (around 261 

nm) and band II (around 309 nm) which arise due to cinnamoyl and benzoyl moiety of 

the flavonoid, respectively (Figure 5.6) (Zsila et al., 2003). The observed spectral 

features indicate the microenvironment immediately surrounding the probe. Variations in 

the position, intensity, and shape of the absorption spectra can be direct measures of the 

specific interactions between the solute and solvent molecules. At the S0 state, the phenyl 

linkage substituent of Karanjin has an anti-bonding characteristic. This inter-ring bond in 

Karanjin has some π  onding characteristics due to the conjugation of π electrons, 

therefore exhi iting π-π
*
 transition (260 nm) (Kumar et al., 2001). Karanjin in EtOAc 

and MeOH was o served to have high a sor ance and ε as shown in Figure 5.6 and 5.7. 

It may be due to their predominantly monomeric nature and least degree of aggregate 

formation in the solution. The low absorbance of Karanjin in water when it is compared 

to other solvents might be attributed due to aggregate formation. Table 5.2 showed a 

small red shift in λmax compared to EtOAc when Karanjin is dissolved in MeOH which 

shifts further in aqueous micellar media. This shift can be described by the solvent ability 

to form hydrogen bonds. The carbonyl group of Karanjin acting as hydrogen bond 
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acceptors is responsible for the intermolecular hydrogen bond formation with protic 

solvents like MeOH and water (Liu et al., 2013). The dimerization of fluorophores and 

formation of higher order aggregates in water can be a factor for changes in the 

extinction coefficients.  

On the other hand, the enhanced a sor ance and ε values of Karanjin dissolved in 

micellar solutions of SDS may be due to a predominantly monomeric form of Karanjin 

in micellar media. It is likely that Karanjin is buried inside and sufficiently shielded from 

water in the presence of SDS micelles. It may explain the increase in ε that is similar to 

EtOAc and MeOH in the presence of SDS micelles.  

5.4.1.2. Absorption spectra of Karanjin in binary solvent 

Absorbance spectra of Karanjin dissolved in different solvent mixtures were obtained 

(Figure 5.8), and absorbance data were also tabulated as shown in Table 5.3 and 5.4. 

Different percentages of cosolvents (water and glycerol) were used to study the 

absorbance pattern of Karanjin in mixed solvents. The important factor in mixed solvents 

is preferential solvation and commonly results from specific and non-specific 

interactions. From the experimental data, the absorbance of Karanjin fluctuates in mixed 

solvents due to continuous change in the polarity of the surroundings. There is not much 

change in the absorbance till 70% of cosolvent (water and glycerol). Karanjin 

concentration-dependent transition is seen at 80-90% (10 μM) and 70-90% (20 μM) in 

water-MeOH mixtures. On the other hand, no significant change is observed in glycerol-

MeOH mixtures. 

5.4.1.3. Transition dipole moment and oscillator strength of Karanjin 

The transition dipole moment measures the coupling between molecular orbitals (MOs) 

involved during light absorption and their substantial spatial overlapping of electron 
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densities in the involved orbitals (Liu et al., 2013). The solute-solvent interaction can 

induce changes in the electronic structure and dipole moment of the solutes. Changes in 

the dipole moment alter the electrostatic interaction with the solvent in the ground and 

excited state, with a shift in the absorption maximum (max). The less pronounced 

absorption shift (Table 5.2) with solvent as compared to emission shift (Table 5.7) 

implies that the ground-state energy distribution is not affected to a greater extent, 

possibly due to the less polar nature of the dye in the ground-state rather than in the 

excited state. Karanjin dissolved in MeOH, and SDS micelles have found to have high 

transition dipole moments and oscillator strengths whereas water has the least as shown 

in Table 5.5. The values obtained by calculating oscillator strength indicate that the 

electronic transition S0-S1 is a strongly allowed transition. Generally, the oscillator 

strength of an electronic transition of a compound in a series of solvents increases with 

an increase in solvent polarity (Ahmed et al., 2016). However, in our experiment, we 

found the oscillator strengths increase with increase in polarity of the solvents except in 

water due to a decrease in solubility of Karanjin in water at a relatively high 

concentration (50 μM) used in the calculation. 

5.4.1.4. CMC of SDS in water in the presence of Karanjin 

Literature shows that SDS has been extensively used and acts as an excellent tool to 

decipher the extent and dynamics of various excited-state processes in an 

inhomogeneous environment (Sarangi and Basu, 2011). The increase in absorbance 

when Karanjin is dissolved in SDS might be correlated to the formation of micelles till it 

reaches CMC values (CMC of SDS in pure water as reported to be around 7-8.7 mM; 

Table 5.6). To verify this, we have monitored the micelle formation by observing an 

increase in the absorbance values. This value remains constant after ~9 mM and after 
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that, indicating the formation of SDS micelles in the presence of Karanjin (Figure 5.9). 

The increase in absorbance values with an increase in the surfactant concentration is 

regarded to be caused by the flavonoid molecules penetration into the micelles. Several 

molecular interactions such as hydrophobic interactions, electrostatic interactions, 

hydrogen  onds, π-stacking, and Van der Waals forces are typical examples of the 

intermolecular forces that dominate the interactions of the probe with surfactant 

molecules (Naeem et al., 2000; Karukstis et al., 2010; Dezhampanah and Firouzi, 2012). 

These interactions of Karanjin with SDS micelles are responsible for the changes in the 

photophysical property of the compound and thereby, affecting the absorbance property 

of Karanjin. In the pre-micellar region, monomers of SDS molecule interact with the 

Karanjin to form ion association complexes, while in the post-micellar region, Karanjin 

molecules are likely to be localized inside the micelles as the ε and fluorescence 

properties appear closes to non-polar media. SDS micelles allow the penetration of 

Karanjin within the apolar or hydrophobic micellar phase, resulting in monomeric 

Karanjin to reside inside the core of SDS micelles or micellar surface as represented in 

Figure 5.10. The location and orientation of Karanjin within the micellar micro-

environment depend on  oth compound‟s structure and charges on surfactant head 

groups. Figure 5.6 shows the absorption spectrum of Karanjin dissolved in aqueous 

surfactant solutions similar to spectrum dissolved in a polar solvent like MeOH which 

one can assume that Karanjin is situated in the moderately polar Stern layer of micelles 

(Tehrani-Bagha and Holmberg, 2013). Moreover, according to Hirose and Sepulveda 

(1981), the compound having a phenyl residue like Karanjin can lie parallel to the 

surface of the micelle with some of the methylene groups (CH2) of the alkyl chain lying 

on the surface and the rest immersed in the micelle. A similar result has also been 

reported by Liu and Guo (2005) that the phenyl ring of Morin slightly deviates from the 
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planarity like Karanjin is shown to interact with non-anionic micelles. Several research 

works were done to solubilize flavonoid inside SDS micelles and understanding the 

interaction between the flavonoid and surfactant (Foti et al., 1996; Naseem et al., 2004; 

Buchweitz et al., 2016). 

5.4.2. Steady-state fluorescence investigation of Karanjin  

5.4.2.1. Steady-state fluorescence of Karanjin in neat solvent 

From steady-state fluorescence data, Karanjin showed spectral differences with respect 

to the polarity of the solvents. Figure 5.11 showed that Karanjin dissolved in SDS 

micelles have the highest fluorescence yield owing to the relatively confined and rigid 

microenvironment of the micellar hydrophobic core than neat solvents like MeOH and 

water. Karanjin dissolved in freshly prepared micellar solution (SDS FR) has similar 

fluorescence yield while Karanjin is dissolved in overnight incubated solution (SDS ON) 

revealed the spontaneous SDS micelles formation and subsequently encapsulation of 

Karanjin inside micelles. Figure 5.11 and Table 5.7 revealed the presence of two 

emission bands of Karanjin at both 260 and 305 nm excitations. The presence of band I 

(λ320- λ370 nm) and  and II (λ370- λ590) nm presumably indicate the existence of locally 

excited emission and charge transfer bands respectively. It is well known that the bands 

due to local transitions are solvent insensitive, whereas the charge transfer bands are 

sensitive to environmental changes (Sherif, 1997). 

The solvent relaxation effect results in the reduction of excited state energy levels 

relative to those of the ground states. Consequently, it showed a red shift in max when 

Karanjin is dissolved in polar solvents like water, therefore, decreasing energy gap 

between the energy states. This stabilization varies with an increase in polarity of the 

solvents (Liu et al., 2013). Sengupta and Kasha (1979) had earlier recognized that 
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molecular structural and electronic features, which affect the orientation of the plane of 

the phenyl ring would influence the basicity of the carbonyl group of flavanone. It is 

important to notice that the relative intensities of long and short wavelength emissions 

change accordingly to the nature of the solvent with the excitation energy. 

5.4.2.2. Stokes shift 

The effects of specific (hydrogen bonding) and non-specific solvent interactions on the 

electronic absorption spectra are often interpreted in terms of Stokes shift. From the 

experimental data as shown in Figure 5.12 and Table 5.8, Karanjin showed large Stokes 

shift in the range of 15,420-17,948 cm
-1

and 10,433-11,996 cm
-1

 when excited at 260 and 

305 nm, respectively. The most substantial Stokes shifts of Karanjin in water observed 

are a result of extensive stabilization of excited states by polar solvent molecules that can 

reorient about the dipole of excited Karanjin in liquid solution (Dunford et al., 2003). 

Due to large change in electron density distribution during the electronic transition, a 

large Stokes shift is observed. Moreover, intermolecular hydrogen bonding interaction 

between the fluorophore and the solvent molecules can also play an important role in 

stabilizing these excited states in MeOH and water solutions. The values of the Stokes 

shift are indicative of the charge transfer transition. Large Stokes shift helps to minimize 

the self-quenching effect; a greater separation of the excitation-emission wavelengths 

and also boosts the signal-to-noise ratio in bioimaging applications (Lakowicz, 2006). 

 

5.4.2.3. Steady-state fluorescence of Karanjin in solvent mixture 

5.4.2.3.1. Glycerol in MeOH 

The behavior of a solute in a neat solvent is known to be very different from the behavior 

in mixed binary solvent systems. Fluorophore like Karanjin is sensitive to the physical 

properties of the solvent surrounding the fluorophore. Viscosity is one the important 
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physical parameter for the investigation of the photophysical property of the molecule. In 

a viscous environment like glycerol, the intramolecular rotation is slowed down, and the 

non-radiative decay of Karanjin is consequently suppressed. Thus, both the fluorescence 

intensity and yield of Karanjin can be correlated to the viscosity of the surrounding 

environment. The fluorescence intensity increases about ~2.5 fold with the increase in 

glycerol percentage as a cosolvent in the solution (Figure 5.13). This increase is quite 

small compared to ~100 fold rise as seen in probes like Thioflavin T (Friedhoff et al., 

1998). 

 

5.4.2.3.2. Glycerol in water  

The fluorescence emission spectrum shifts of Karanjin in different percentage of glycerol 

in water (Figure 5.14) might be due to change in polarity of the microenvironment. 

However, the change in fluorescence intensity of the flexible molecules like Karanjin 

also depends on the constraint imposed by the media. The constrained microenvironment 

of Karanjin restricted the internal motions of the molecule that lead to the enhancement 

of the fluorescence emission intensity as recorded in glycerol-water (Dash et al., 2013). 

The sensitivity of emission spectra on solvent polarity suggests that strong dipole 

moment changes occur between S0 and S1 of Karanjin. In the presence of glycerol, the 

dipolar reorientation of the solvent cage around the excited fluorophores will be 

inhibited, and this results in a dramatic blue shift of the fluorescence band due to the 

emission from the unrelaxed, Franck-Condon excited state. Moreover, according to 

Egorov et al. (2011), the presence of water increases the overall mobility of glycerol, 

while glycerol slows the movement of water. In other words, the gradual addition of 

glycerol as cosolvent increases the viscosity of the medium and consequently, solvation 
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time also increases leading to blue shifted of max. A similar observation was observed in 

flavonoid Fisetin and reported by Guharay et al. (1999).  

 

5.4.2.3.3. Water in MeOH 

Karanjin was dissolved in different percentages of water in methanolic solution as shown 

in Figure 5.15. Solvatochromic studies assume complete solvation of the compound. For 

an aqueous methanolic solution, the initial rapid increase in fluorescence intensity and 

yield is explained by the increased hydrogen bonded interaction as more and more water 

molecules replace the MeOH molecules in the microenvironment. However, at a higher 

percentage of water owing to the strong self-association of water molecules the 

background consists mainly of associated water clusters and these interact with the water 

molecules in the solvation shell, decreasing the hydrogen bonding ability of bare water 

molecules (Banerjee et al., 1995). Thus, the observed value of fluorescence intensity and 

yield of Karanjin at a high percentage of water tends to decrease. Also, the decrease in 

fluorescence is consistent with a decrease in absorbance (Figure 5.8). 

The important factor in mixed solvents is preferential solvation. The solute-

solvent and solvent-solvent interactions are more complicated in the case of mixed 

solvents than in pure solvents. This is due to the composition of the cybotactic region of 

the solution, which is different from the bulk solvent. Preferential solvation commonly 

results from specific and non-specific interactions. The non-specific interactions may 

also cause that one of the components of the binary mixtures prefers a molecule of the 

same type in its neighborhood, leading to the formation of self-association of the 

fluorophore (Sasirekha et al., 2008). However, aggregation is possible for Karanjin, even 

at a low concentration up to 5 μM. Karanjin readily forms crystal upon addition of water 
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due to its hydrophobicity. Formation of higher order Karanjin aggregates or crystals 

upon addition of water is confirmed by microscopic images (40X) (Figure 5.20). 

Furthermore, water provides the hydrophobicity for molecular aggregation may 

lead to quenching at a higher percentage (>50% water) of water fractions. 

 

Figure 5.20 Bright-field microscopic image (40X) of Karanjin in different percentage of water in 

MeOH at various concentrations (A) 5 μM; (B) 10 μM and (C) 20 μM. Magnification  ar: 6 μm; 

Microscope: Olympus CX 31, India. 

Change in the fluorescence intensity may be attributed to the fact that aggregation 

is much more facile at higher water contents and the emission is probably only observed 

from the molecules attached at the surface of these highly aggregated particles, which 

results in a drop of original fluorescence of the aggregated structure. Our experimental 
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findings give interesting insights into the hydrogen bonding effects of the solvent on the 

fluorescence emission of Karanjin. 

5.4.3. Time-resolved fluorescence investigation of Karanjin 

Time-resolved fluorescence lifetime measurements were carried out for Karanjin in 

different solvents excited at 295 and 340 nm. TCSPC technique helps in obtaining more 

information about the intrinsic property of Karanjin in its local environment by providing 

its fluorescence lifetimes in any particular conditions. The fluorescence emission spectra 

of Karanjin obtained from steady-state fluorescence experiment (Figure 5.16) were also 

correlated with its mean lifetime obtained from TCSPC data. Karanjin in different neat 

solvents was excited at two excitations; viz., 295 and 340 nm and fluorescence decays 

were collected as shown in Figure 5.17 and 5.18 respectively. Lifetime data of Karanjin 

demonstrated bi-exponential decays. From this data, Karanjin showed two conformations 

represented by two lifetimes (τ1 and τ2) with their respective fractional distributions (1 

and 2). Differences in lifetimes of the fluorophore are due to the differential degrees of 

solvent relaxation around the fluorophore in the distinct region of a confined 

environment (Varma et al., 2015). The bi-exponential decays found in all solvents might 

be due to the presence of presumably two different types of hydrogen-bonded complexes 

formed between Karanjin and solvent molecules. Significant changes in the lifetime were 

observed when it is dissolved in aqueous surfactant solutions (SDS FR and SDS ON). It 

is clear from Table 5.10 that fluorescence of Karanjin is significantly quenched in an 

aqueous medium. In the presence of SDS, the lifetime shows a significant increase 

presumably due to the shielding of Karanjin from the aqueous medium. The tendency to 

form higher order aggregates may be a reason for the quenched fluorescence of Karanjin 

in an aqueous medium. However, more detailed investigations are needed to confirm this 
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interpretation. The results obtained are found to be similar to the previous finding of 

lifetime determination of flavone as described by Guharay et al. (1999). Similar 

observation was also recorded by Mishra et al. (2001) showed a high lifetime of 

aminostyryl pyridinium in viscosity solvents like glycerol and surfactants. 
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 5.5. Conclusion 

This chapter highlights the application of absorption and fluorescence spectroscopic 

methods in the investigation of photophysical properties of Karanjin in different solvent 

and solvent mixtures. Attention is focused on an intrinsic property of flavonoid as their 

own „signature‟ for characterizing their interactions with the solvents and solvent 

mixtures. Change in absorbance and fluorescence properties as a function of the 

solvatochromic parameters was studied. Karanjin in MeOH has the highest molar 

extinction coefficient followed by SDS and EtOAc. Furthermore, the dimerization of 

fluorophores and formation of higher order aggregates in solution can induce changes of 

the extinction coefficient. Karanjin has high transition dipole moment and oscillator 

strength in aqueous micellar solutions and MeOH. The reduced fluorescence intensity 

after 50% water fraction may be attributed due to reduced solubility and crystallization 

of Karanjin in water and water-MeOH mixtures which were demonstrated by UV-Vis 

absorbance, fluorescence, and microscopic study. Karanjin fluorescence decays in all the 

solvents are bi-exponential with decay times ranging from 1.3 to 3.4 ns. The mean 

lifetimes are highest in SDS and least in water. There is a significant improvement of 

photophysical property of Karanjin in micellar solution due to shielding from water 

inside the micelle and inaccessibility of solvent molecules around the fluorophore 

molecule in surfactants. All experimental results suggest that Karanjin binds strongly 

with the SDS micelles and reside at micellar interior. We hope that the photophysical 

characterization of Karanjin could provide initial insight into other potential applications 

in different areas.  
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Chapter 6 

 

Bioactivity of crude extract and purified compounds against 

bacteria 

6.1. Introduction 

Medicinal plants being rich source of bioactive constituents have encouraged researcher 

and scientists towards the utilization of natural products and investigate its 

pharmacological properties. Several human health problems including life-threatening 

and deadly infectious disease can be targeted to reduce mortality and morbidity rates. 

Infectious diseases caused by bacteria have become the main concern for humanity. Plant 

extracts are found to be very useful in eradicating these infections and exhibit 

antibacterial property against a wide range of Gram-negative and Gram-positive bacteria 

(Arote et al., 2009; Bajpai et al., 2009; Chandrashekar and Prasanna, 2010; Kesari et al., 

2010). Several compounds have been discovered from Pongamia and found to deliver 

diversified biological efficacy either in vitro or in vivo against a range of diseases. Seed 

oil of Pongamia exhibits antibacterial activity against Staphylococcus aureus and 

Pseudomonas aeruginosa (Wagh et al., 2007; Kesari et al., 2010). Several compounds 

have been isolated from this species such as quercetin (Mirzoeva et al., 1997; Plaper et 

al., 2003), pongaglabol (Alam et al., 2004), rutin (Bernard et al., 1997), pongamol (Baki 

et al., 2007), lupeol (Erazo et al., 2008; Ahmed et al., 2010), methylkarranjic acid (Baki 

et al., 2007) and others that are used as potent antibacterial therapeutics. Among various 

phytoconstituents, furanoflavonoid like Karanjin is the main constituent of Karanj seed 

possessing different biological effect both in vivo and in vitro (Sapna et al., 2007; 

Tamrakar et al., 2008; Vismaya et al., 2011).  
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About, 250 non-protein amino acids have been identified in the plant kingdom 

and are noteworthy in many ways such as being the intermediates in biosynthetic 

pathways and possess a physiological role or functioning as natural, semi-synthetic and 

synthetic pharmacological compound (Swain, 1977; Vranova et al., 2011; Yokoo et al., 

2015). These compounds represent a vast array of diverse structural component for the 

development of new therapeutic drug. Glabrin is a nonproteinogenic α-amino acid 

isolated from Karanj seeds. However, the antibacterial effect of the compound and its 

mechanism of action is unexplored yet. Therefore, the isolated compounds were 

investigated to unveil the mechanism of action as an antibacterial agent by in silico and 

in vitro approaches.  

In silico study includes structure-based virtual screening, Lipinski’s rule of five 

and docking study are routinely used for understanding drug-like property, drug-receptor 

interaction, and to predict the binding orientation of drug candidate to its protein target 

so as to predict the affinity and activity of ligand (Bachwani and Kumar, 2011; Vijesh et 

al., 2013). In vitro study includes susceptibility test (Langfield et al., 2004), Raman 

scattering (Das et al., 2013), cell leakage assay (Oonmetta-aree et al., 2006), flow 

cytometry (Leonard et al., 2016) and electron microscopy (Ghosh et al., 2013) which are 

routinely used for assessing antibacterial property. 

Flow cytometry is emerging as a leading technology of bacterial population in 

food biotechnology (Bunthof et al., 2001), industrial biotechnology (Looser et al., 2001) 

and environmental samples (Hoefel et al., 2003). It offers a powerful tool for analyzing a 

cell population at the single-cell level and is helpful in the characterization of functional 

property, biochemical parameter of the individual cell (Sincock and Robinson, 2001), 

therefore, offering significant information on the dynamics and physiological 

heterogeneity of a bacterial population (Hewitt and Nebe-von-Caron, 2001). It relies on 
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the application of fluorescence probe with suitable target specificity (e.g., nucleic acid, 

membrane probe or enzyme activity) and optical properties (e.g., fluorescence excitation 

and emission spectra of fluorescent dyes). This methodology uses commercially 

available dyes (carboxyfluorescein diacetate, cFDA, and propidium iodide, PI) that allow 

quantification of different population within the bacterial sample (Antolinos et al., 2014). 

cFDA is a cell-permeable non-fluorescent ester that undergoes hydrolysis by non-

specific esterase activity resulting in accumulation of a green fluorescence compound, 

carboxyfluorescein inside the cell, thereby offering a means for rapid detection of 

metabolically active bacteria (Hoefel et al., 2003). PI is a red fluorescent nucleic acid 

specific dye which enters only in cell with damaged or compromised membrane (Figure 

6.1). 

  

Figure 6.1 Cellular target sites for viability assessment of pathogenic bacteria by flow cytometry. 

In the current chapter, the physicochemical parameters of isolated compounds 

were determined by in silico drug-likeness property prediction using OSIRIS Property 

Explorer based on the structure of the compound. Further, molecular docking study has 
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been undertaken to screen the possible target of action of purified compounds among 

common target sites of bacteria. Finally, in vitro study of antibacterial action has been 

studied using microbroth dilution assay, Raman spectroscopy, flow cytometry, and 

electron microscopy. The effect of purified compounds on the pathogenic bacteria was 

assessed by measurement of cell leakage and vibrational mode using Raman scattering.  

6.2. Materials and methods 

6.2.1. Study material and reagents 

The organic crude extracts (EE and ME) and purified compounds (Karanjin and Glabrin) 

were subjected to biological studies.  

6.2.2. Bacterial strains 

The antibacterial activity were evaluated against two bacteria, viz. Staphylococcus 

aureus, SA (ATCC 6538) and Escherichia coli enterotoxic, ETEC (MTCC 723). All the 

tested bacteria were grown and maintained on nutrient agar (NA) as described earlier 

(Kesari et al., 2010). 

6.2.3. In silico drug-likeness and toxicity prediction 

OSIRIS Property Explorer was used to estimate the risk of side effects, such as 

mutagenic, tumorigenic, irritant and reproductive effect, as well as drug-relevant 

properties including cLogP (lipophilicity), LogS (solubility), molecular weight, drug-

likeness, overall drug-score and percentage of absorption (http://www.organic-

chemistry.org/prog/peo/) (Ayati et al., 2012).  

6.2.4. Lipinski’s rule 

The pharmacological property and drug likeliness of molecule were examined by 

Lipinski’s rule of five using Molinspiration server (http://www.molinspiration.com/). For a 
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drug to be orally active it must fulfill all of the following criteria; <10 hydrogen bond 

acceptors, <5 hydrogen bond donors, molecular weight <500 Dalton and partition 

coefficient logP to be <5 (Lipinski et al., 1997). 

6.2.5. Molecular docking study 

6.2.5.1. Protein and ligand retrieval 

The set of proteins selected for this study are common target site for evaluation of 

antibacterial property of ligand. The three-dimensional structure of the common bacterial 

protein was retrieved from Protein data bank (PDB) (http://www.rscb.org/pdb). Three-

dimensional structures of Karanjin and Glabrin were obtained in standard delay format 

(SDF) from PubChem and converted to PDB format using online SMILES translator 

(http://cactus.nci.nih.gov/translate/). 

6.2.5.2. Binding site determination 

The binding site of the bacterial protein, as well as its area and volume, was predicted by 

computed atlas of surface topography of proteins (CASTp) (http://cast.engr.uic.edu) 

(Dundas et al., 2006).  

6.2.5.3. Docking study 

Docking studies were carried out using AutoDock 4.2.6. For all receptors undertaken in 

the present study, heteroatoms (Hetatms) and water molecules were removed, and polar 

hydrogen atoms and Kollman charges were added. For ligand, Gastieger partial charges 

were assigned, and nonpolar hydrogen atoms were merged. All torsions of ligand were 

allowed to rotate during docking run. Grid box was prepared using binding site 

information retrieved from CASTp. A grid spacing of 0.375Å was used to compute 

affinity maps and electrostatic maps. Docking search was carried out using a Lamarckian 

genetic algorithm and all remaining parameters were set as default. The docked 
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conformations were sorted according to predicted binding energy with the lowest energy 

conformation considered to be the most reliable one.   

6.2.6. Antibacterial property 

6.2.6.1. Determination of MIC by microbroth dilution assay 

Minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial 

agent inhibiting the visible growth of a microorganism. The MIC was determined using 

the microdilution method, in 96 wells microtitre plates (0.3 mL volume, Axiva) 

(Camporese et al., 2003; Bajpai et al., 2014). Karanjin was dissolved in dimethyl 

sulfoxide (DMSO) at a concentration of 1 mg/mL, and this concentration was further 

used to make compound concentration up to 1.95 µg/mL by two-fold dilution method. 

Test strains were suspended in 0.8% (w/v) NaCl to obtain a cell density of 1 × 10
8
 

colony forming unit per milliliter (CFU/mL). These cell suspensions were diluted to 

obtain a final density of 5 × 10
5
 CFU/mL in each well. Proper growth control, vehicle 

control (DMSO treated cells) and negative control were adjusted on to the plate. The 

maximum concentration of compound tested was 500 µg/mL. Microtitre plates were 

incubated at 37ºC in the moist dark chamber for 24 h, and MIC recorded 

spectrophotometrically (Tecan, Infinite M 200 Pro, Switzerland) at 600 nm (the 

concentration at which there is a sharp decline in the absorbance value). Kanamycin (5 

μg/mL) was used as positive control. The experiment was performed in triplicates and 

MIC recorded as the mean concentration of triplicate values. 

6.2.6.2. Antibacterial study by Raman spectroscopy 

Characterization of the bacterial cells before and after exposure of Karanjin was 

performed on SA and ETEC using Raman spectroscopy (Horiba LabRAM HR 

spectrometer) in the backscattering mode using Argon-ion laser at 514 nm wavelength as 
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the excitation source at room temperature. Untreated bacterial cells were used as a 

negative control. About 3 mL of bacterial cultures at exponential growth phase with an 

appropriate concentration of 10
6
 CFU/mL were centrifuged at 3,000 rpm for 5 min. Cells 

were washed and suspended in 1 mL sterile distilled water. Sample was dried at 37ºC, 

and then the spectrum was recorded for the changes in intensity and shift in Raman 

spectrum (Dutta et al., 2011). Spectral data for generating Raman signals were taken 

from the sample at specific wavenumbers (600 to 2,000 cm
-1

). 

6.2.6.3. Effect of compounds on bacterial cell membrane 

Bacterial cell membrane damaging efficacy by purified compounds was performed by 

cell leakage analysis. Absorbance of respective cell supernatants at 260 and 280 nm was 

recorded to assess the efflux of cellular components such as proteins and nucleic acids. 

Briefly, SA and ETEC cells that had been incubated overnight were centrifuged (10,000 

rpm; 10 min) and resuspended in sterile NaCl solution (0.9%). Subsequently, each 

bacterial culture was treated with pure compound at their MIC and incubated for 0, 4, 8 

and 16 h respectively. After incubation, samples were centrifuged (10,000 rpm; 5 min) to 

separate the bacterial cells (pellet) from low molecular weight metabolites (supernatant) 

which are known to leak from cells after stress exposure. Finally, the absorbance of 

released materials from cells was determined by measuring the optical density (OD) of 

the supernatant at 260 and 280 nm using a UV/VIS spectrophotometer (Varian Carry 50, 

USA) (Ghosh et al., 2013). Mean OD values of the respective treatment and vehicle 

control were compared independently at each time points. 

6.2.6.4. Filed emission electron microscopy (FESEM) study 

Field emission scanning electron microscopy (FESEM) was used to visualize the 

changes in the morphology of the SA and ETEC cells before and after treatment with 
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Karanjin and Glabrin. Healthy, active and untreated bacterial cells were used as negative 

control for this study. The bacterial samples were washed with 50 mM phosphate buffer 

solution (PBS, pH 7.2), fixed with 2.5% glutaraldehyde in PBS and rinsed with the same 

buffer. The specimen was sequentially dehydrated using different ethanol concentration 

ranging from 30% to 100% as described in detail previously by Ghosh et al. (2013). 

Finally, the specimen were coated with gold and analyzed through FESEM (Carl Zeiss, 

Ultra 55). 

6.2.6.5. Determination of antibacterial action by flow cytometry 

The ability to distinguish different physiological states is essential for assessing and 

validating the survival and virulence of any pathogenic microorganism. To determine the 

antibacterial action, mid-log phase culture of pathogenic bacteria (E. coli enterotoxic and 

S. aureus) were treated with EE, ME and pure compounds at different concentration 

ranging from 1 mg/mL to 0.001 mg/mL in DMSO. It was subsequently incubated for 24 

h along with the vehicle control (cells treated with 1% DMSO). Bacterial suspension 

were centrifuged (10,000 rpm; 10 min) at room temperature followed by washing with 

PBS (50 mM, pH 7.0). Cells were resuspended in PBS, and cell density of approximately 

10
4
 cells/mL was maintained. Heat-killed cells (95°C for 15 min) were taken as positive 

control. Samples were first stained by adding 10 µL cFDA (0.25 μM, Sigma Aldrich) 

and incubated at 37°C for 30 min in the dark. All the stained samples were then 

subsequently washed with PBS to remove residual dye. Samples were then stained with 

10 µL PI (10 µg/mL, Sigma Aldrich) (Mahato et al., 2016). Analysis was carried out by 

fully integrated and multiparametric BD (Becton Dickinson) FACSCalibur system 

equipped with an air-cooled argon ion laser emitting 15 mW blue light at 488 nm and 

with the standard filter set up. The FC analysis of the cell sample was performed using 
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FACS Flow solution (BD) as the sheath fluid. Samples were kept at a low flow rate (12 

µL/min ± 3 µL/min) up to a total of 10,000 events per sample. Bacterial cells were 

analyzed by forward (FSC), and side (SSC) light scatter. Viability in term of membrane 

integrity and functional cytoplasmic enzyme was examined by staining with cFDA 

detected by FL1 channel, which has 530 nm bandpass filter and the red fluorescence 

signal of PI collected in the FL3 channel with >600 nm long pass filter depicting the 

membrane permeability. The fluorescence signals of individual cell were collected in 

both log and bi-exponential mode. Gating was done in dot-plot of FSC-SSC (forward 

scatter-side scatter) to discriminate bacteria from noise and artifacts. Data were acquired 

by BD CellQuest Pro software and were analyzed and refined by FloJo software (Tree 

Star, Stanford, USA). 

6.2.6.6. Statistical analysis 

All experiments were set up in a completely randomized design and repeated thrice with 

a minimum of three replicates. Similarly, in cell leakage experiment and flow analysis, 

significance analysis for mean values of each treatment was compared to the mean of 

corresponding vehicle control at respective time point using one-way ANOVA followed 

by Tukey’s test. Differences were considered significant at a value of p < 0.05.  

6.3. Results and discussion 

6.3.1. In silico drug-likeness and toxicity prediction  

Structure and activity relationship was predicted by OSIRIS Property Explorer because 

of its speed, flexibility, low cost and less time-consuming efforts in comparison to in 

vitro and in vivo approaches. Analysis suggests that Karanjin and Glabrin may have low 

risk to human health considering the four main parameters of the analysis (mutagenic, 

tumorigenic, irritant and reproductive effectiveness) and can be a potential candidate for 

TH-2041_126106009



Chapter 6|120 

 

future drug discovery and development (Figure 6.2). According to the known structure 

and activity relationship, it is considered that certain small heterocyclic molecules act as 

highly functionalized scaffold and known pharmacophores of some biologically active 

and medicinally useful molecules (Martins et al., 015). The logarithm of this coefficient, 

log Po/w, has been shown to be one of the key parameter in quantitative structure-

activity/property relationship (QSAR/QSPR) study (Bayat and Nassab, 2010). It is also 

responsible for the activity differences (Alves et al., 2000). The log Po/w of Karanjin and 

Glabrin are found to be less than 5.0 indicating high lipophilicity and higher absorption 

and permeation. The aqueous solubility of Karanjin and Glabrin are found to be -4.96 

and 0.18 respectively which significantly affect its absorption and distribution 

characteristics. It was reported that more than 80% of the drugs in the market have 

aqueous solubility value greater than -4 (Sander et al., 2009). It is also known that the 

total sum of all polar region of a molecule's surface correlates well with various 

bioavailability related properties, such as intestinal absorption, and blood-brain barrier 

penetration. Moreover, the percentage of absorption (ABS) was estimated using the 

equation as represented earlier by Zhao et al. (2002).  

%ABS = 109 − (0.345 × TPSA) 

Karanjin and Glabrin showed 92.20 and 81.05% of intestinal absorption capacity 

and are classified under high absorption group. A positive value of drug-likeness score 

(Karanjin: 0.52 and Glabrin: 2.87) states that the purified compounds contain a fragment 

of the compound which are frequently present in commercial drugs. The drug score 

combines drug-likeness, cLogP, logS, molecular weight, and toxicity risks. It is one 

handy value that may be used to judge the compound's overall potential to qualify for a 

drug. The calculation data of purified compounds showed nontoxic behavior with highly 

desirable physicochemical parameters disclosing its potential as a promising therapeutic 
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agent (Table 6.1). Thus, further experimental testing of these predictions will be required 

to support the in silico data. 

  

Figure 6.2 OSIRIS Property Explorer of (A) Karanjin and (B) Glabrin. The results are valued 

and color coded. Green: safe or drug-like behavior; red: unsafe or undesirable property. 

Table 6.1 Physiochemical properties of Karanjin and Glabrin. 

Compound cLogP
a 

LogS
b 

MW
c 

TPSA
d 

Drug 

likeness
e 

Drug 

score
f 

%ABS
g 

Karanjin 3.75 -4.96 292 48.67 0.52 0.52 92.20 

Glabrin -2.58 0.18 175 81 2.87 0.96 81.05 

a 
cLogP: compound’s lipophilicity expressed as the logarithm of the partition coefficient between water 

and 1-octanol. A modified range of Lipinski logP value is ranging from -0.4 to +5.6. 

b
 LogS: solubility (value should be greater than -4) 

c 
MW: Molecular weight, less than 500 

d
 TPSA: total polar surface area present in the molecule and should not exceed 90 Å for efficient 

penetration of drug molecule through the blood-brain barrier. 

e
 Drug likeness: positive range shows that the molecule contains fragments of the compound which are 

frequently present in commercial drugs. 

f
 Drug score: calculated by multiplying contribution of the individual property (cLogP, LogS, MW and 

toxicity risks) 

g
 % ABS: absorption percentage (high: 100-67%; medium: 66-33% and low: 32-0%). 

6.3.2. Lipinski’s rule of five 

Lipinski’s rule of 5 evaluates whether a given compound can be administered as an 

orally active drug (Lipinski et al., 1997). The analyzed data show that the compounds 

(A) (B) 
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meet the Lipinski’s rule of the five, suggesting that the compound theoretically would 

not have problem with oral bioavailability (Table 6.2). 

Table 6.2 Lipinski’s rule of five. 

Compound logP
a 

MW
b
 H acceptor

c 
H donor

d 
Lipinski’s violation 

Karanjin 4 292.08 4 0 0 

Glabrin -3.04 175.18 3 5 0 

a 
logP: lipophilicity 

b 
MW: molecular weight 

c 
Hydrogen bond acceptor (H acceptor): less than 10 

d 
Hydrogen bond donor (H donor): less than 5 

6.3.3. Antibacterial activity of Karanjin 

6.3.3.1. Antibacterial activity by microbroth dilution assay 

The MIC for bacterial strains was in the range of 1.95 μg/mL-1 mg/mL. MIC values 

observed were 125 μg/mL for S. aureus and 250 μg/mL for E. coli enterotoxic, when 

treated with pure Karanjin. The lipopolysaccharide in cell wall structure of Gram-

negative bacteria blocks the penetration of compound and prevents its accumulation in 

the cell membrane (Bezic et al., 2003). This in turn blocks several antibiotics which 

would usually damage the peptidoglycan layer of bacteria. The thin layer of 

peptidoglycan of Gram-positive bacteria is considerably more accessible to Karanjin to 

permeate through the membrane to target site. Therefore, Gram-positive bacteria were 

found to be more sensitive to Karanjin than Gram-negative bacteria. The reactive 

structures of flavonoid are a pyrogallol group, catechol group, 2, 3-double bond in 

conjugation with 4-oxo group, 3-hydroxyl group and some additional resonance-

effective substituents (Yang, 2001). The antimicrobial effectiveness is thought to come 

from flavonoid for its ability to form complex with both extracellular and soluble 

proteins as well as bacterial membrane (Cowan, 1999; Fowler et al., 2011). The five-
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membered heterocycle like furan constitutes a vast and differentiated group with a broad 

spectrum of biological activity (Kharb et al., 2011). The activity of Karanjin could be 

due to the presence of a hydrophilic substituent in the furan and flavonoid moieties 

which is very important for antimicrobial effect (Xu and Lee, 2001; Jeong et al., 2009). 

6.3.3.2. Antibacterial activity by Raman spectroscopy 

Raman spectroscopy is a non-invasive, non-destructive and rapid identification analytical 

tool for the biological material (Popp, 2007; Das et al., 2013). Antibacterial activity of 

the Karanjin has been evaluated against SA and ETEC at its MIC values (Figure 6.3). 

Raman spectroscopy provided a fingerprint region below the wavenumber of 1,800 cm
-1

, 

which reflects detailed information about the composition of bacterial cells. A high-

intensity peak at 1007 cm
-1

 is observed due to C-C stretching of the aromatic ring. 

Furthermore, another strong peak signal observed at 1525 cm
-1

 which can be attributed to 

pigments of carotenoid family and peak at 1162 cm
-1

 due to the presence of C-C 

conjugated stretching in carotenoid. Peaks at 1455, 1606 and 1614 cm
-1

 in bacterial cells 

are assigned to vibrations of tyrosine and phenylalanine of protein (Naumann, 2001). 

The bands at 1289 and 1342 cm
-1

 are assigned to L-glutamate and glycine, respectively 

whereas the band at 1628 cm
-1 

is assigned to pyruvate in ETEC. The band at 1009 cm
-1

 

present in the spectra of L-tryptophan can be assigned to the trigonal ring breathing of 

benzene ring. On the other hand, the Raman spectra of linear saturated fatty acids present 

in ETEC cells show the band at 1438 cm
-1

 along with few smaller bands (Naumann, 

2001). The bands at 1598 cm
-1

 and 1320 cm
-1

 in SA are assigned to phenylalanine and 

guanine respectively (Maquelin, 2002; Movasaghi, 2007) Moreover, SA and ETEC 

bacterial cells signifies the cell lysis with a sharp decline in almost all prominent peak 

intensity after treatment with Karanjin. 
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Figure 6.3 Raman spectra of studied bacteria before and after treatment with Karanjin at their 

respective MICs. Effect of Karanjin on (A) S. aureus, SA and (B) E. coli enterotoxic, ETEC. 

6.3.3.3. Docking study 

The current investigation aims at in silico analysis of the interaction between common 

bacterial proteins and Karanjin at catalytic sites as predicted by CASTp (Table 6.3).  

Table 6.3 Active site residues of few selected bacterial proteins as predicted by CASTp. 

On performing the molecular docking of Karanjin with all target structure, the 

calculated binding energy falls within the range of 5-10 kcal/mol with the highest 

PDB 

ID 

Area 

(Å
2
) 

Volume 

(Å
3
) 

Residues 

1AJ2 1212
 

1639.4 
ILE20, ASN22, ASP56, GLY58, GLU60, SER61, THR62, ARG63, 

PRO64, ASP96, THR97, SER98, MET148, GLN149, GLY189, PHE190 

1KAS 650.6 934.8 
PHE202, ALA205, ARG206, ASP227, GLY228, PHE229, HIS268, 

MET269, THR270, SER271, PRO272, HIS303, GLY304, GLY310 

1KE4 1745.5 2110.9 
ILE78, ALA79, ARG80, ILE83, LYS84, LEU85, ASN237, LEU238, 

LYS239, PRO240, PRO304, THR305, PRO306, ALA307, VAL308  

1LTB 2988.6 5565.1 
ASP22, LYS23, TYR76, LEU77, THR78, GLU79, THR80, LYS81, 

LYS102, ASN103 

1S16 4453.1 13315 
GLY1024, MET1025, TYR1026, THR1027, ARG1031, ASN1033, 

HIS1034, PRO1257, GLY1258, GLU1261, MET1274 

1AD1 992.5 1586.5 

ILE9, LEU10, ASN11, VAL12, THR13, ASP15, SER16, PHE17, 

SER18, GLY48, VAL49, SER50, HIS55, GLU56, GLY169, ILE170, 

GLY171  

1ZOW 1569.2 3089.9 
PHE8, GLY9, ALA10, TYR11, ALA12, PRO13, GLU14, LYS14, 

ILE16, ILE17, ASP18, ASP47, ASP48, VAL60, LYS61 

3BLM 146.4 127.7 
TYR40, ALA42, ALA242, ARG244, THR265, ASN266, LYS267, 

PRO274, ASN275, LEU278, ILE279 

3FRB 562.4 838.3 
LEU5, VAL6, ALA7, ILE14, GLY15, PHE16, ASN18, GLN19, LEU20, 

ASP27, LEU28, PHE92, GLY93, GLY94, GLN95, THR96, THR121 

3G7B 762.4 2010.4 
GLN66, ILE67, GLU68, LYS78, THR80, ASP81, ASN82, HIS143, 

LYS173, THR171, GLY172, THR173, VAL222, ARG223 

(A) (B) 
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binding affinity of -9.51 kcal/mol for 1KAS and lowest binding affinity of -5.36 kcal/mol 

of 3BLM as shown in Table 6.4. The intermolecular interaction between receptors and 

Karanjin is shown in Figure 6.4 and 6.5. 

Table 6.4 Binding energy of Karanjin with common targets for the antibacterial property. 

Sr. No. Name of protein PDB ID 
Binding energy 

(kcal/mol) 

S. aureus 

1 Dihydropteroate synthase 1AD1 -5.73 

2 
β-ketoacyl-acyl carrier protein synthase III  

(KAS III or FabH) 
1ZOW -8.65 

3 β- lactamase 3BLM -5.36 

4 Dihydrofolate reductase 3FRB -5.4 

5 DNA gyrase subunit B 3G7B -5.65 

E. coli enterotoxic 

1 Dihydropteroate synthase 1AJ2 -7.92 

2 
β-ketoacyl-acyl carrier protein synthase II 

(KAS II or FabF)  
1KAS  -9.51 

3 β- lactamase 1KE4 -7.9 

4 Heat labile enterotoxin (LT) 1LTB -7.94 

5 DNA topoisomerase 4 subunit A 1S16 -7.29 

5 DNA gyrase subunit B 3G7B -5.65 

Although Karanjin showed highest binding affinity when docked with β-

ketoacyl-acyl carrier protein synthase II (1KAS) of E. coli, i.e., 9.51 kcal/mol, the 

docked conformation lacked hydrogen bond between the ligand and protein. The amino 

acid residues involved at the binding site are ASP265, HIS268, MET269, THR270, and 

SER271 (Table 6.5). Similarly, Karanjin showed highest binding affinity with β-

ketoacyl-acyl carrier protein synthase III or KAS III (1ZOW) of S. aureus with the 

formation of one hydrogen bond between carbonyl oxygen atom of A ring to the nitrogen 

of atom of residue ALA12 of protein. Table 6.6 shows the amino acid residues involved 

at active site ALA12, GLU14, GLU14, and LYS15 which are similar to the binding 

pocket of isoniazid, a well-known potent inhibitor of these enzymes (Campbell and 

Cronan, 2001). β-ketoacyl acyl carrier protein synthase (KAS) is a member of the 
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condensing enzyme family, which is a crucial catalyst in bacterial fatty acid biosynthesis. 

It represents an attractive target for novel antibiotics related to the elongation of 

unsaturated fatty acids in the bacterial system (Chen et al., 2007). Heat-labile enterotoxin 

(1LTB) having second highest binding affinity (-7.94 kcal/mol) showed similar binding 

pocket when docked with inhibitor 4-nitrophenyl α-D-galactopyranoside (Zhang et al., 

2010). On the other hand, DNA topoisomerase 4 subunit A (1S16) showed the least 

binding affinity of -7.29 kcal/mol among the target selected for E. coli. However, 

dihydropteroate synthase (1AJ2) and β- lactamase (1KE4) showed the binding energy of 

-7.29 and -7.9 kcal/mol respectively. There is no formation of a hydrogen bond between 

Karanjin and any of the target proteins of E. coli. On the other hand, all target proteins of 

S. aureus showed the formation of one or more hydrogen bonds between the best active 

site of protein as predicted by CASTp and Karanjin molecule. The binding energy of -

5.73 kcal/mol was observed by docking of dihydropteroate synthase (1AD1) with 

Karanjin. Hydrogen bond formation occurred between nitrogen atom of ASN10 residue 

and the carbonyl group of Karanjin. Dihydrofolate reductase (3FRB) with the binding 

energy of -5.4 kcal/mol along with the formation of hydrogen bond between the carbonyl 

oxygen atom of A ring in Karanjin with the hydrogen atom of residue GLN19. The least 

binding energy of -5.36 kcal/mol was observed when β-lactamase (3BLM) was docked 

with Karanjin along with the formation of two hydrogen bonds. For 3BLM, the hydrogen 

bond acceptor atoms in Karanjin were between the oxygen atom in C ring of Karanjin 

with the hydrogen atom of residue ARG211 and a carbonyl group in Karanjin with the 

hydrogen atom of residue SER97. The amino acid residues involved at binding sites are 

ILE1680, THR1681, GLU1682, GLU1683, LEU1705, GLY1709, LYS1711, GLN1779, 

TRP1782, GLN1785 and LEU1786 of DNA gyrase subunit B (3G7B) showed binding 

energy of -5.65 kcal/mol when docked with Karanjin. For this protein, GLU43 formed a 
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hydrogen bond with the oxygen atom of 3-methoxy group of Karanjin. From docking 

result, Karanjin showed better binding affinity than the corresponding inhibitors like 

1KAS, 1AJ2, 1LTB, 1ZOW, 1KE4 and 1S16.  
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Figure 6.4 Predicted docked conformation of Karanjin against common S. aureus proteins. 

(A) Dihydropteroate synthase; (B) β-ketoacyl-acyl carrier protein synthase III or KAS III or 

FabH; (C) β- lactamase; (D) Dihydrofolate reductase and (E) DNA gyrase subunit B. 

   

  

Figure 6.5 Predicted docked conformation of Karanjin against common E. coli proteins.  

(A) Dihydropteroate synthase; (B) β-ketoacyl-acyl carrier protein synthase II (KAS II or FabF); 

(C) β- lactamase; (D) Heat-labile enterotoxin (LT) and (E) DNA topoisomerase 4 subunit A. 

 

(A) (B) 

(D) 

(C) 

(E) 

(A) (B) 

(D) 

(C) 

(E) 
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Table 6.5 Docking result of Karanjin and well known potent inhibitors with common bacterial 

proteins. 

 

 

 

 

 

Protein 

IDs 
Ligands 

Binding 

energy 

(kcal/mol) 

Intermolecular 

Energy 

(kcal/mol) 

Inhibition 

constant 

(µM) 

Ligand 

efficiency 

(kcal/mol) 

H-

bonds 

Residues 

involved in H- 

Bonding 

1AJ2 
Karanjin -7.92 -8.51 1.57 -0.36 - - 

Sulfamethoxazole -5.25 -6.44 142.6 -0.31 1 ARG63:HH21 

1KAS 
Karanjin -9.51 -10.1 107.43 (nM) -0.43 - - 

Isoniazid -6.27 -6.86 25.46 -0.63 1 ASP265:OD2 

1KE4 

Karanjin -7.9 -8.5 1.61 -0.36 - - 

Clavulanic acid -5.0 -6.2 214.7 -0.36 3 

SER254:HG 

SER254:HG 

ALA304:HN 

1LTB 

Karanjin -7.94 -8.54 1.51  -0.36 - - 

4-Nitrophenyl α-D-

galactopyranoside 
-6.95 -9.34 8.02 -0.33 3 

THR78:O 

THR78:O 

ARG145:HH12 

1S16 

Karanjin -7.29 -7.88 4.55 -0.33 - - 

Norfloxacin -6.34 -7.53 22.49 -0.28 3 

ARG31:HE 

ARG31:HH21 

ARG183:HH21 

1AD1 

Karanjin -5.73 -6.23 63.48 -0.26 1 ASN10:HN 

Sulfamethoxazole -6.33 -7.52 22.85 -0.37 3 

ARG51:HE 

GLN104:HE22 

LYS202:HZ1 

1ZOW 

Karanjin -8.65 -9.25 455.76 (nM) -0.39 1 ALA12:HN 

Isoniazid -5.79 -6.39 56.99 -0.58 3 

ILE16:HN 

ALA12:HN 

TYR266:OH 

3BLM 
Karanjin -5.36 -5.95 118.56 -0.24 2 

SER97:HG; 

ARG211:HH21 

Clavulanic acid -5.11 -6.3 179.8 -0.37 1 LYS234:HZ3 

3FRB 

Karanjin -5.4 -6.0 109.55 -0.25 1 GLN19:HE22 

Trimethoprim -5.72 -7.81 64.38 -0.27 3 

PHE16:O 

GLN19:HE22 

LEU20:O 

3G7B 

Karanjin -5.65 -6.25 71.97 -0.26 1 GLN43:HE22 

Ciprofloxacin -5.73 -6.93 62.78 -0.24 1 ASP172:OD2 
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Table 6.6 Amino acids involved at docking site between ligands (Karanjin and common 

inhibitors) and proteins. 

Natural products like flavonoid are capable of binding to multiple targets 

primarily due to their mode of generation as proposed by Ji et al. (2009). From the 

docked conformations we can deduce that the carbonyl group, 3-methoxy group and 

oxygen atom in C ring in Karanjin is biologically vital for forming hydrogen bond 

interactions with receptors. However, it is pertinent to mention that in vitro and in vivo 

experiments often lay the foundation stone and complement or confirm docking 

analyses. 

 

 

Protein Ligand Nearby amino acid residue 

1AJ2 
Karanjin 

PRO64, ARG63, GLY143,ASN144,THR147,MET148, 

PHE190, SER222 

Sulfamethoxazole ASN22, GLU60, SER61, THR62, ARG63, ASP96 

1KAS 
Karanjin 

ASP265, HIS268, MET269, THR270, SER271, 

HIS303, GLY310, ASP311, PHE400 

Isoniazid ASP265, HIS268, MET269, THR270, GLY399 

1KE4 
Karanjin 

ILE7, ALA74, ALA76, LYS243, THR244, GLN246, 

GLN247, PRO301, THR302, PRO303 

Clavulanic acid LEU251, SER254, PRO303, ALA304 

1LTB 

Karanjin THR78, GLU79, THR80, ARG143, ASP144, ARG145 

4-Nitrophenyl α-D-

galactopyranoside 
GLN30, GLU79, THR80, ARG145 

1S16 
Karanjin 

HIS34, PRO272, MET274, PRO272, THR273, 

GLY275, GLY276, LYS334 

Norfloxacin ARG31, HIS34, GLN37, MET274, THR333, GLU335 

1AD1 

Karanjin ILE8, LEU9, ASN10, ALA28, ARG31  

Sulfamethoxazole 
ILE8, ILE9, LEU10, ASN11, ASP83, ARG51, ASP83, 

GLN104  

1ZOW 
Karanjin ALA12, GLU14, GLU14, LYS15 

Isoniazid ALA12, ILE16, ASP18, TYR266, LYS265, LYS283,  

3BLM 
Karanjin SER97, SER183, SER202, GLN204, ARG211 

Clavulanic acid LYS240, ASN242, LYS234 

3FRB 
Karanjin GLY15, PHE16, GLN19, LEU20, TRP22 

Trimethoprim ILE14, PHE16, LEU20, TRP22 

3G7B 
Karanjin GLN43, ILE44, VAL46, THR57, ASP58, GLN164 

Ciprofloxacin ASP51, ARG171, ASP172, GLU173 
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6.3.3.4. Cell leakage assay 

Bacterial homeostasis is vital for its survival. This is carried out by maintaining the 

functional roles of membrane-coupled and energy-dependent cellular processes such as 

metabolite transport, turgor pressure balance, metabolism regulation and cells motility 

(Cox et al., 2001). Therefore, even slight change in the structural integrity of the cell 

membrane can adversely affect the synthesis of macromolecule and cause cell death. 

Nucleotide building blocks (purines, pyrimidines, pentose, and inorganic phosphate) and 

proteins are known to leak from compromised bacterial cells, and the level of leakage 

determined by measuring the optical density (OD) using UV/Vis spectrophotometer. It 

was observed that the amount of low molecular weight metabolites in supernatant 

increased with increasing time of exposure due to the continuous release of cellular 

material through the compromised cell membrane of treated bacterial strains as 

compared to controls (Figure 6.6). The results showed that Karanjin effectively induce 

cell damage in both Gram-positive as well as Gram-negative bacteria, although the effect 

is more pronounced against SA. Therefore, the release of intracellular components is a 

good indicator of membrane integrity. Similar observations of bacterial cell damage and 

subsequent leakage have been reported previously (Bajpai et al., 2014). Our findings are 

in agreement with an earlier published report describing the role of plant-derived 

bioactive compounds towards cell membrane damage of diverse pathogenic bacteria 

(Cushnie and Lamb, 2005).  
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Figure 6.6 Cell leakage analysis.  

The absorbance of the cell materials at 260 and 280 nm after treatment with Karanjin at 0, 4, 8 

and 16 h incubation period, where SA- A, B, and ETEC- C, D. The data are expressed as mean ± 

standard error. 

6.3.3.5. FESEM study 

The bacteria SA and ETEC were examined by FESEM to observe physical and 

morphological changes caused by treatment with Karanjin (Figure 6.7). FESEM images 

of untreated SA and ETEC showed intact, smooth cell surface with defined cell features 

(Figure 6.7 A and C) indicating absence of morphological alteration whereas shrinkage, 

membrane disintegration and noticeable damage of the cell wall were observed in 

bacterial cells treated with the compound (Figure 6.7 B and D). These findings indicate 

that Karanjin caused lysis of SA and ETEC by degrading bacterial cell wall and affecting 

cell membrane permeability (Dutta, 2011). Changes in membrane fluidity usually occur 

(A) (B) 

(C) (D) 
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due to alterations in membrane lipid composition (Sikkema et al., 1995) and these results 

are supported by the similar observation when bacteria were treated with terpenes 

causing changes in membrane property and function (Denyer, 1990). 

  

  

Figure 6.7. Field emission scanning electron micrographs of S. aureus (A and B) and E. coli 

enterotoxic (C and D). A and C untreated bacterial cells; B and D cells treated with Karanjin.  

6.3.4. Antibacterial activity of Glabrin 

6.3.4.1. Docking study 

The current investigation aims at in silico analysis of the interaction between common 

bacterial proteins and Glabrin at the catalytic sites as predicted by CASTp (Table 6.3). 

On performing the molecular docking of Glabrin with all target structures, the calculated 

binding energy falls within the range of 3-5 kcal/mol with a highest binding affinity of -

5.49 kcal/mol for 1ZOW and lowest binding affinity of -3.8 kcal/mol for 3BLM as 

shown in Table 6.7.  

 

 

(C) (D) 

(A) (B) 
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Table 6.7 Binding energy of Glabrin and common targets for the antibacterial property. 

Sr. No. Name of protein PDB ID 
Binding energy 

(kcal/mol) 

S. aureus 

1 Dihydropteroate synthase 1AD1 -4.16 

2 β-ketoacyl-acyl carrier protein synthase III  

(KAS III or FabH) 

1ZOW -5.49 

3 β- lactamase 3BLM -3.8 

4 Dihydrofolate reductase 3FRB -4.04 

5 DNA gyrase subunit B 3G7B -4.06 

E. coli enterotoxic 

1 Dihydropteroate synthase 1AJ2 -4.43 

2 β-ketoacyl-acyl carrier protein synthase II 

(KAS II or FabF) 

1KAS -4.36 

3 β- lactamase 1KE4 -4.32 

4 Heat labile enterotoxin (LT) 1LTB -5.3 

5 DNA topoisomerase 4 subunit A 1S16 -5.04 

5 DNA gyrase subunit B 3G7B -4.43 

Glabrin showed highest binding affinity of -5.3 kcal/mol when docked with heat 

labile enterotoxin (1LTB) of E. coli with five hydrogen bonds between Glabrin and 

TYR, ARG and THR residues of the protein (Table 6.8). The docked conformation 

between β-ketoacyl-acyl carrier protein synthase III (1ZOW) and Glabrin has three 

hydrogen bonds. Amino acid residues involved at the binding site are ALA12, ILE16, 

TYR11, GLU14, ASP279, and LYS283 which are similar to the isoniazid. All target 

proteins of S. aureus and E. coli showed the formation of one or more hydrogen bonds 

between the best active site of the protein (predicted by CASTp) and Glabrin. The least 

binding energy of -3.8 kcal/mol was observed when β-lactamase (3BLM) was docked 

with Glabrin along with the formation of three hydrogen bonds between the oxygen atom 

of Glabrin with residues PHE257, MET254, and TYR196. The intermolecular 

interactions between receptors and Glabrin are shown in Figure 6.8 and 6.9. Amino 

acids involved at docking site are given in Table 6.9. From the docked conformations we 

can deduce that the carboxyl group, hydroxyl group and nitrogen atom in Glabrin is 

biologically vital for forming hydrogen bond interactions with receptors. 
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Table 6.8 Docking result of Glabrin and well known potent inhibitors with common bacterial 

proteins. (Docking study of selected proteins with well-known inhibitors is shown in Table 6.5). 

 

 

 

 

 

Protein 

(IDs) 

Binding 

energy 

(kcal/mol) 

Inter molecular 

Energy 

(kcal/mol) 

Inhibition 

constant 

(µM) 

Ligand 

efficiency 

(kcal/mol) 

H-bonds 

Residues 

involved in H- 

Bonding 

 1AJ2 -4.43 -5.62 567.31 -0.37 3 

GLN142:O; 

LYS192:HN; 

GLN142:O 

 1KAS -4.36 -5.56 633.14 -0.36 1 THR307:HG1 

 1KE4 -4.32 -5.51 681.18 -0.36 3 

TYR256:HH; 

PRO301:O; 

PRO301:O 

1LTB -5.3 -6.5 129.73 -0.44 5 

TYR147:O; 

ARG1:HE; 

ARG1:HH21; 

THR87:OG1; 

THR87:HN 

 1S16 -5.04 -6.23 202.21 -0.42 4 

GLU335:HN; 

ARG336:HH21; 

GLU335:OE1; 

ARG336:HN 

1AD1 -4.16 5.35 890.9 -0.35 4 

ARG51:HH22; 

ARG51:HE; 

VAL48:O; 

VAL48:O 

 1ZOW -5.49 -6.69 93.88 -0.46 3 

ALA12:HN; 

LYS283:HZ2; 

ILE16:HN 

3BLM -3.8 -4.99 
1.64 

(mM) 
-0.32 3 

PHE257:OXT; 

MET254::O; 

TYR196:HH 

3FRB -4.04 -5.23 1.1 (mM) -0.34 4 

LEU24:HN; 

LEU20:HN; 

HIS23:HD1; 

GLN19:HE22 

3G7B -4.06 -5.26 
1.05 

(mM) 
-0.34 3 

THR125:OG1; 

LYS124:HZ2; 

THR125:OG1 
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Table 6.9 Amino acids involved at docking site between ligands and protein. 

Protein Ligands Nearby amino acid residues 

1AJ2 
Glabrin 

GLN142, GLN143, ASN143, PRO145, ALA151, 

GLY189, PHE190, GLY191, LYS192 

Sulfamethoxazole ASN22, GLU60, SER61, THR62, ARG63, ASP96 

1KAS 
Glabrin 

THR270, SER271, PRO272, HIS303, THR307, 

ALA309, PHE400 

Isoniazid ASP265, HIS268, MET269, THR270, GLY399 

1KE4 
Glabrin ALA252, GLN253, SER254, TYR256, PRO301 

Clavulanic acid LEU251, SER254, PRO303, ALA304 

1LTB 

Glabrin 
ARG1, ALA86, THR87, TYR 122, TYR142, TYR147, 

ARG148  

4-Nitrophenyl α-D-

galactopyranoside 
GLN30, GLU79, THR80, ARG145 

1S16 
Glabrin GLN275, THR333, GLU335, ARG336 

Norfloxacin ARG31, HIS34, GLN37, MET274, THR333, GLU335 

1AD1 

Glabrin 
ASN10, VAL48, ARG51, ILE57, ASP83, ASN102, 

GLN104, ARG238 

Sulfamethoxazole 
ILE8, ILE9, LEU10, ASN11, ASP83, ARG51, ASP83, 

GLN104  

1ZOW 
Glabrin ALA12, ILE16, GLU14, ASP279,  LYS283 

Isoniazid ALA12, ILE16, ASP18, TYR266, LYS265, LYS283,  

3BLM 
Glabrin 

PRO193, TYR196, LYS 251, MET254, LYS255, 

GLU256, PHE257  

Clavulanic acid LYS240, ASN242, LYS234 
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Figure 6.8 Predicted docked conformation of Glabrin against common S. aureus proteins.  

(A) Dihydropteroate synthase; (B) β-ketoacyl-acyl carrier protein synthase III or KAS III or 

FabH; (C) β- lactamase; (D) Dihydrofolate reductase and (E) DNA gyrase subunit B. 

   

  

Figure 6.9 Predicted docked conformation of Glabrin against common E. coli proteins.  

(A) Dihydropteroate synthase; (B) β-ketoacyl-acyl carrier protein synthase II (KAS II or FabF); 

(C) β- lactamase; (D) Heat-labile enterotoxin (LT) and (E) DNA topoisomerase 4 subunit A. 
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6.3.4.2. Cell leakage 

The cytoplasmic membrane of bacteria acts as a barrier between cytoplasm and 

extracellular medium by maintaining the chemiostatic balance which is necessary for the 

survival and metabolism of the cell. The leakage of low molecular weight cytoplasmic 

constituents often leads to the leakage of larger cellular contents either due to further 

damage of the membrane or gradual breakdown of proteins and nucleic acids by 

autolytic enzymes of the cell (Johnston et al., 2003). It was observed that the amount of 

low molecular weight metabolites increased with increasing time of exposure due to the 

continuous release of cellular materials through the compromised cell membrane of 

treated bacterial strains as compared to controls (Figure 6.10). The leakage of cellular 

material could be an indication of a disturbance and disorganization of the cytoplasmic 

membrane integrity when the concentration of antimicrobials was bacteriostatic. At high 

antimicrobial dose, it would cause lethality to microbial cells. The results shows that 

Glabrin effectively induces the cell damage in both Gram-positive as well as Gram-

negative bacteria, although the effect is more pronounced against SA. Finally, cell lysis 

occurs due to pores formation or disruption of cell membrane causing loss of metabolic 

activity and ultimately cellular leakage resulting to the cell death. Similar observations of 

cell membrane damage and subsequent leakage caused due to bioactive compounds was 

reported earlier (Cushnie and Lamb, 2005).  
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Figure 6.10 Cell leakage analysis.  

The absorbance of the cell materials at 260 and 280 nm released after treatment with Glabrin at 

0, 4, 8 and 16 h incubation period, where SA- A, B, and ETEC- C, D. The data are expressed as 

mean ± standard error. 

6.3.4.3. FESEM study  

The bacteria ETEC and SA were examined by FESEM to observe morphological 

changes caused by treatment with Glabrin (Figure 6.11). FESEM images of untreated 

ETEC and SA exhibited intact, well-defined cellular contents and were normal in size 

(Figure 6.11 A and C) whereas Glabrin is more likely to have direct contact with the cell 

membrane through damaged cell wall after treatment of compound (Figure 6.11 B and 

D). These findings indicate that Glabrin cause lysis of SA and ETEC by weakening 

peptidoglycan layers thereby rupturing cell wall and leading to pores formation. These 

(A) (B) 

(C) (D) 
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damaging effects inturn trigger the leakage of ions and cellular materials ultimately 

causing the cell death (Cowen, 1999). 

  

  

Figure 6.11 Field emission scanning electron micrographs of S. aureus (A and B) and E. coli 

enterotoxic (C and D). A and C untreated bacterial cells; B and D cells treated with Glabrin.  

6.3.5. Flow cytometry study 

The mean fluorescence intensity for live cells (MFI of FL 1) and dead cells (MFI for FL 

3) was measured. The vehicle control (DMSO) and untreated bacterial cells showed 

minimum relative fluorescence intensity of PI. But, the positive control (heat-killed) 

showed a significant increase in relative fluorescence intensity in tested bacteria 

concerning vehicle control and confirmed the significant cell populations as dead 

(Figure 6.12 A and B). Interestingly, it was observed that PI relative fluorescence 

intensity was maximum when the cells were subjected to heat treatment indicating 

significant damage and depolarization of the bacterial cell membrane. 
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Figure 6.12 Proper control of tested bacteria for detector set up. (A) SA and (B) ETEC. 

Live unstained cells (cFDA
-
 PI

-
) serve as negative experimental control, live cells stained with 

cFDA (cFDA
+ 

PI
-
) as positive control for cFDA and heat-killed cells stained with PI (cFDA

-
 PI

+
) 

as a positive control for PI. 

The antimicrobial effect of crude extracts and compounds are represented in 

terms of MFI of fluorescent dyes, cFDA (as live population) and PI (as dead cell 

population) as shown in Figure 6.13. At high concentration of extract and purified 

(A) 

(B) 
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compounds, MFI of cFDA also decreases in both test bacteria (Figure 6.13 A and C). It 

also shows dynamic changes of the membrane integrity and indicates the existence of 

three main subpopulations of treated bacteria. These are identified as live, dead and 

membrane-compromised bacteria based on their differential staining characteristics with 

PI and cFDA. Thus, cells were simultaneously stained with cFDA and PI revealed a 

striking physiological heterogeneity within the stressed bacterial population. Figure 6.13 

(B and D), shows that the potency of the extract and compounds increase with increase 

in concentration as reflected from MFI of FL 3. ME is active against S. aureus, but EE is 

more potent against E. coli enterotoxic. Karanjin is found to be more potent against E. 

coli enterotoxic (Figure 6.13 B and D) whereas Glabrin is active against both the 

bacteria. The hydrophilic nature of MeOH crude extract and Glabrin allows it to 

penetrate microbial cells and induce alterations in structure and function of the 

bacterium. These changes possibly resulted in the loss of microbial viability.  
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Figure 6.13 Viability assessments of pathogenic bacteria against crude extracts (EE and ME) and 

purified compounds (Glabrin).  

(A) MFI of cFDA of S. aureus; (B) MFI of PI of S. aureus; (C) MFI of cFDA of E. coli 

enterotoxic and (D) MFI of PI of E. coli enterotoxic.  

MFI = mean fluorescence intensity; FL 1 = filter channel 1 for cFDA (live cells) and FL 3 = filter 

channel 3 for PI (dead cells). 
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Figure 6.14 Viability assessments of pathogenic bacteria against Karanjin. (A) MFI of cFDA of 

SA; (B) MFI of PI of SA; (C) MFI of cFDA of ETEC and (D) MFI of PI of ETEC. 

The percent double-stained cells (cFDA
+
 PI

+
) showed a subtle increase revealing 

‘viable but non-culturable’ (VBNC) and cryptobiotic states along with the active and 

dead subpopulations in the heterogeneous sample (Leonard et al., 2016). In the current 

study, the percentage of VBNC subpopulation is high when cells were treated with ME 

as compared to EE and purified compounds (Figure 6.14). Crude extract and purified 

compounds were found to be more potent against ETEC at low concentration in inducing 

VNBC state in bacterial population.  
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Figure 6.15 VBNC population of SA and ETEC after exposure of crude extracts and pure 

compounds at different concentrations. (A) Effects of ME and EE; (B) Karanjin and (C) Glabrin. 

In 1982, Xu et al. first reported about VBNC bacteria, including E. coli. 

Subsequently, many investigators have reported about VBNC state, with more than 60 

species of bacteria showing the phenomenon, including many human pathogens (Oliver, 

2010). It is believed that VBNC pathogens are incapable of inducing disease despite the 

retention of virulent factors and are considered to be in a stage preceding cell death or 

adaptation to stress (Sachidanandham and Gin, 2009; Zhao et al., 2017). During this 

period, VBNC cells often exhibit dwarfing, and some significant metabolic changes 

occur, including reduction in nutrient transport, respiration rate, change in membrane 

fatty acid composition and macromolecular synthesis as clearly discussed by Trevors et 
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al. (2012). Table 6.10 differentiates the physiological and metabolism processes between 

actively dividing cells and VBNC bacteria. 

Table 6.10 Comparison of cytoplasm in actively growing/dividing bacterial cells to VBNC cells 

(Trevors et al., 2012). 

Actively growing/dividing VBNC physiological state 

Molecularly crowded cytoplasm Less molecular crowding 

Optimal diffusion Minimal diffusion 

Higher total protein concentration Lower total protein concentration 

More organization of molecules such as cell 

division proteins 

Less molecular organization such as cell 

division proteins 

Optimal protein oscillations Fewer to no protein oscillations 

High ribosome numbers Fewer ribosomes 

Optimal gene expression Minimal to no gene expression 

Higher number of transcripts Minimal transcripts 

High tRNA content Minimal tRNA 

Optimal cytoplasmic membrane fluidity 
Cytoplasmic membrane may be less fluid with 

leakage from cytoplasm (e.g., K+ ) 

Optimal ATP pool Minimal ATP pool 

More nonspecific molecule interactions Fewer nonspecific molecule interactions 

Optimal cytoplasm volume just before cell 

division 
Minimal cytoplasm volume 

Replicating DNA Condensed DNA 

Optimal Mg2+ Less Mg2+ 

Moreover, cells also showed high complexity upon exposure of crude extract and 

pure compounds (Figure 6.15 and 6.16). It can be described by the change in their 

morphological characteristics such as cell surface roughness, cell membrane disruption, 

nucleus, and internal granular material, rupture of cell organelles, etc. At high 

concentration of stress exposure, cells showed high SSC profile that can be correlated 

with changes in cell’s molecular composition. 
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Figure 6.16 SSC FSC profiles of SA upon treatment with different concentration of (A) EE; (B) 

ME; (C) Karanjin and (D) Glabrin. 
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Figure 6.17 SSC FSC profiles of ETEC upon treatment with different concentration of (A) EE; 

(B) ME; (C) Karanjin and (D) Glabrin. 

The attenuation of growth indicates the disorganization of the cell membrane 

when the concentration of antimicrobials was bacteriostatic although, the cells can grow, 

albeit at a lower rate. One explanation for this effect is that at high cell density, more 

substantial amount of the antimicrobials are required for bactericidal activity for 

pronounced lethality caused by the antimicrobial agents (Broxton et al., 1983). On the 
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other hand, conventional methods like optical density, dry cell weight, microscopy, and 

manual cell count indicate reproductive growth but do not provide information on cell 

physiological status. In the presence of a stressed population of cells that maintain cell 

metabolic activity, as determined by the fluorescent dye point towards the advantage of 

flow cytometry over the above mentioned conventional methods (Falcioni et al., 2008; 

Khan et al., 2010). Therefore, the potential application of multiparametric flow 

cytometry as a rapid, sensitive and easy-to-operate technique for detection of the VBNC 

state will help in understanding the discrepancies between culturability and viability of 

pathogen in medically relevant areas. 
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6.4. Conclusion 

In this chapter, crude extract and purified compounds were evaluated for their 

antibacterial activity against pathogenic bacteria using in vitro and in silico approaches. 

The application of in silico technology offers significant potential for reducing the 

number of experimental studies required for compound selection during drug designing. 

PI incorporation and associated loss of esterase activity and other cellular functions seem 

to suggest that the primary mechanism of action of Karanjin and Glabrin is membrane 

damage, which leads to cell death as confirmed by flow cytometry, cell leakage assay, 

and FESEM micrographs. The results demonstrate the potential of combining flow 

cytometry and FESEM as a rapid and accurate technique for the detection and 

understanding the physiology of bacteria. It further encourages the use of purified 

compounds in antibacterial formulations as the compound effectively kills pathogenic 

bacteria related to foodborne diseases and nosocomial infections. Also, experimental 

study and evaluation of structure-activity relationship could help in the development of 

potential inhibitors against pathogenic bacteria that may serve as leads in the 

development of new pharmaceutical drugs. 
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Chapter 7 

Concluding remark 

7.1. Significance and salient features of the study 

Medicinal plant extract or fractions are used as therapeutic to combat various diseases 

due to its efficacy, lesser side effects, and wide acceptability. Pongamia pinnata, a 

member of Leguminaceae family, is well-known for its high medicinal value and 

multipurpose pharmaceutical applications.  

In the present study, two compounds were isolated and purified from seeds of P. 

pinnata. Structure of the isolated compounds was elucidated and characterized by 

various analytical and spectroscopic techniques. The compounds were identified as 

furanoflavonoid Karanjin (IUPAC: 3-methoxy-2-phenylfuro[2,3-h]chromen-4-one) and a 

cyclic amino acid Glabrin (IUPAC: 4,5-dihydroxy-1-methylpiperidine-2-carboxylic 

acid). The vibrational frequencies of the compound were also calculated using DFT for 

better understanding of the structure. Based on the structure of Karanjin, it is proposed 

that the conjugated ring system is responsible for its electronic transition as demonstrated 

by UV-Visible and fluorescence spectroscopic studies. The molecular structure of 

Karanjin was found to be very sensitive to a slight change in its immediate 

microenvironment, thereby, altering the photophysical property and photobiological 

behavior. 

 The potency of crude extracts and isolated compounds were investigated for their 

antibacterial property against pathogenic indicator by various in silico and in vitro 

approaches. The study reveals the mechanism of antibacterial action of Karanjin and 

Glabrin against both Gram-positive and Gram-negative bacteria. Moreover, the 

important physicochemical parameters of the compound were determined by in silico 

drug-likeness property prediction and Lipinski’s rule of five based on the structure of the 
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compound. Molecular docking study has been undertaken to screen the possible target of 

action of purified compounds among common target sites of bacteria. In vitro study of 

antibacterial activity has been studied using microbroth dilution assay, cell leakage 

assay, Raman spectroscopy, flow cytometry, and electron microscopy. The viability of 

bacteria was also assessed by flow cytometry highlighting the application of PI and 

cFDA to study the different physiological status of bacteria.  

Taking into all consideration, this is the first report describing the structure and 

photophysical property of the compound. The study also highlights the promising 

antibacterial potential of the isolated compounds which can certainly help in the 

development of the new drug in the area of herbal medicine research. 

The salient features of the study are; 

 Three organic crude extracts (HE, EE and ME) were obtained by hot solvent 

extraction method using Soxhlet apparatus. Crude extracts clearly showed thermal 

stability towards high temperature which is an important and determining parameter 

during its extraction, processing, and storage. Two compounds were isolated from 

EE and ME; named as PPS-E and PPS-M, respectively. Each compound was further 

purified to achieve analytically pure crystals. 

 The structure of isolated compounds (PPS-E and PPS-M) were characterized and 

identified as Karanjin and Glabrin.  

 Spectroscopic methods were used in the investigation of photophysical properties of 

Karanjin as a function of solvatochromic parameters. Attention is focused on the 

intrinsically fluorescent flavonoid as their own ‘signature’ for characterizing their 

interaction with the solvent. The physical parameters of Karanjin, such as molar 

extinction coefficient (є), oscillator strength (f), transition dipole moment also 

changed with the fluctuation in polarity of the microenvironment. It was observed 
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that the dimerization of fluorophores and formation of higher order aggregates in 

solution induce changes of the fluorescence emission efficiency. Karanjin crystal 

formation in water-MeOH was demonstrated by UV-Vis absorbance, fluorescence, 

and microscopic study. The solvation dynamics in heterogeneous microenvironment 

like micelles was also studied, and the strong influence was observed on the 

photophysical property of Karanjin. Karanjin fluorescence decay in all the solvents 

is bi-exponential with decay time ranging from 1.3 to 3.4 ns. The mean lifetimes (τ) 

are highest in SDS and least in water.  

 Crude extracts and purified compounds were evaluated for their antibacterial activity 

against pathogenic bacteria using in vitro and in silico approaches. PI incorporation 

and associated loss of esterase activity and other cellular functions seem to suggest 

that the primary mechanism of action of Karanjin and Glabrin is membrane damage, 

which leads to cell death; confirmed by flow cytometry, cell leakage assay, and 

FESEM micrographs. The results demonstrate the potential of combining flow 

cytometry, Raman scattering, and FESEM as a rapid and accurate technique for the 

detection and understanding the physiology of bacteria. It further affirms the use of 

the purified compound in the antibacterial formulation as the compound effectively 

kills pathogenic bacteria related to foodborne disease and nosocomial infection. 

Also, experimental study and evaluation of structure-activity relationship can aid in 

the development of potential inhibitor against pathogenic bacteria that may serve as 

leads in the development of new pharmaceutical drug. 
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7.2. Future scope 

The current research activity has enabled the identification and characterization of two 

compounds from seeds of P. pinnata. The study shows the structural and photophysical 

property of a compound in the different microenvironment. The high analytical 

sensitivity and specificity of spectroscopic techniques provide an advantage over other 

physical methods and offers a powerful approach for real-time monitoring and 

understanding the compound in the different local environment at physiologically 

relevant concentrations (micromole range), from both qualitative and quantitative 

perspectives. Spectroscopic techniques could help in designing and executing various 

spectroscopic assay involving its binding to various macromolecules signifying its 

potential as a ‘fluorescent reporter’ molecule.  

Bioactive compounds were evaluated for antibacterial action by various in vitro 

approaches that revealed cell wall disruption as supported by flow cytometry and 

FESEM imaging. Docking study revealed strong binding to β-ketoacyl-acyl carrier 

protein synthase III (KAS III or FabH) which is a crucial catalyst in bacterial fatty acid 

biosynthesis. It represents an attractive target for a novel antibiotic which is related to the 

elongation of unsaturated fatty acids in the bacterial system. KAS III could provide the 

primary lead for elucidating the mechanism of their action. Based on their activity and 

biological targets, various compound derivatives could be synthesized to improve their 

specificity and selectivity. It could help in the development of a potential inhibitor with 

chemically interesting and biologically more effective drug candidate against pathogenic 

bacteria. However, further exploration will be needed for better knowledge and 

understanding the aspect of bioactivity of the compounds in combating infectious 

disease.  
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