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Thesis Abstract 

The plant Alpinia nigra (Zingiberaceae), is known for its traditional medicinal values and is 

abundantly available in Northeast (NE) India. Various phytochemicals have been reported from 

different parts of the plants. 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) is one of the 

flavonoids previously reported from our group (Gupta et al., 2021) from the leaf extracts of A. 

nigra. In the current thesis work, the UV-visible study of the compound DHF in organic 

solvents and water was studied which revealed that DHF is non-polar in nature and poorly 

water soluble. Therefore, in our present work we studied the solubility of DHF in different pH 

and we tried to enhance the aqueous solubility of DHF in different surfactant micelles with 

namely SDS, CTAB and Tween 20 as a function of pH. 

The investigation into the absorption spectra of DHF across a range of organic solvents 

and aqueous environments has unveiled a tripartite pattern consisting of three distinct 

absorption bands. Specifically, these bands are referred to as Band I (363-370 nm), Band II 

(263-270 nm), and Band III (330 nm). Notably, in an aqueous medium, the absence of any 

discernible absorption band underscores the compound's limited solubility within water. 

Exploring the solubility of DHF across a spectrum of pH values (ranging from 2 to 13) has led 

to an intriguing revelation. The compound exhibits its most pronounced absorbance within the 

highly alkaline domain of pH 13, and this phenomenon is accompanied by a red shift of the 

absorption peak from 365 nm to an extended wavelength of 406 nm. The examination of DHF's 

solubility in aqueous solutions, facilitated by various surfactant micelles (including SDS, 

CTAB, and Tween 20), has been conducted in relation to pH variation. Within this context, a 

meticulous exploration of the time-dependent stability of DHF within diverse surfactant 

micellar environments, under varying pH conditions, has yielded insightful outcomes. Notably, 

the compound's stability has been observed to diminish in the realm of higher alkaline pH, 

consequently resulting in structural alterations over prolonged exposure to alkaline conditions. 

The investigation into the degradation kinetics of DHF under highly alkaline pH, following a 

96-hour incubation period, has provided an illuminating perspective on the compound's 

behaviour. Specifically, the findings underscore a propensity for degradation within this 

markedly alkaline environment, reinforcing the dynamic interplay between DHF and its 

environment. 
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In addition to scrutinizing the solubility characteristics of DHF within distinct 

surfactant micellar systems, the impact of DHF upon Hen Egg White Lysozyme (HEWL) 

aggregates across varying pH conditions, namely pH 2, pH 5, and pH 12.2 were investigated. 

The outcomes of this investigation have illuminated noteworthy insights. Evidently, DHF 

exhibits pronounced interactions with HEWL aggregates when situated within an acidic 

environment of pH 2. This interaction notably inhibits aggregate fibril formation. However, it 

is noteworthy that DHF's inhibitory influence is not extended to amorphous aggregates at pH 

5. Conversely, under the distinctly alkaline conditions at pH 12.2, DHF's inhibitory impact on 

HEWL aggregates is of a milder nature. This observation aligns with the compound's 

propensity to moderately impede the formation or stability of these aggregates. These outcomes 

possess substantial significance and furnish a heightened comprehension of the conceivable 

mechanisms underpinning DHF's capacity to impede the process of amyloid fibrillation. This 

study provides new avenues in the realm of screening and identifying novel compounds with 

the capability to modulate amyloid aggregation processes. 

Furthermore, the effect of DHF on colon cancer cells SW480 and HCT116 was studied. 

The results suggested that DHF does not show cytoxicity towards normal human keratinocyte 

cells (HaCaT) compared to cancer cells SW480 and HCT116 by MTT (3-(4,5-Dimethylthiazol- 

2-yl)-2,5-Diphenyltetrazolium Bromide) assay. Cells were treated with varying concentrations 

of DHF, and its effects were evaluated through cell viability assays, cell proliferation assay, 

and migration assay. To gain insights into the underlying mechanisms, we performed Western 

blot analysis to assess the expression levels of key proteins involved in cell migration and 

proliferation which includes E-cadherin, N-cadherin and CXCR4. DHF was found to be non- 

cytotoxic against normal HaCaT cells. Significant suppression of migration in both the cancer 

cells on treatment with DHF in dose dependent manner was observed. DHF upregulated the 

expression of E-cadherin while downregulating the expressions of N-cadherin and CXCR4 in 

both the cell lines. In addition to DHF, we included kaempferol as a comparative agent due to 

its structural relationship, as DHF is a derivative of kaempferol. Kaempferol has been 

extensively reported to exhibit a range of anticancer activities. DHF showed significant dose 

dependent inhibition of cell proliferation in both the cell lines. Collectively, our findings 

underscore the potent anticancer properties of DHF, in inhibiting colon cancer cell migration 

and proliferation. These results provide motivation to explore the diverse potential of 

flavonoids in cancer therapy and encourage continued research into harnessing natural 

compounds for combating cancer. 
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1.1 Introduction 

 
Natural polyphenols are primarily botanical compounds featuring a phenolic hydroxyl 

structure, widely prevalent in the plant kingdom (Lewandowska et al., 2013). This diverse 

group encompasses flavonoids, phenolic acids, tannins, and other substances, known for their 

robust antioxidative properties. These compounds effectively neutralize free radicals within the 

human body, playing a pivotal role in preventing cardiocerebral disorders and retarding the 

aging process. Polyphenols not only exhibit potent antioxidative characteristics (Zhang et al., 

2013) but also demonstrate anticancer (Noratto et al., 2009), bacteriostatic (Ng et al., 2019), 

hepatoprotective (Callcott, 2019), anti-infective (Pešić et al., 2019), cholesterol-lowering (Liu 

et al., 2018), and immune-enhancing (Cuevas et al., 2013) properties. Furthermore, they exert 

preventive effects against various biological activities, including type 2 diabetes (Xiao et al., 

2013). Flavonoids are a family of plant natural products derived from the phenylpropanoid 

metabolic pathway, which contains a C15 benzene ring structure of C6-C3-C6 and phenolic 

group at different locations. They reveal a variety of biological actions, but are well recognized 

for its antioxidant properties. Flavonoids are categorized into numerous subgroups based on 

structural properties such as the amount of hydroxyl or methyl groups and the heterocyclic ring 

oxidation, such as flavanones, flavones, isoflavones, stilbenes, chalcones, aurones, 

dihydroflavonols, anthocyanins, and so on. (Liu et al., 2021). 

India boasts a rich spectrum of traditional medical systems, where plants play a central 

role in the majority of these practices. Ayurveda, Homeopathy, Siddha, Unani, and Tibetan 

medical traditions are reported to incorporate approximately 8000 plant species in their 

therapeutic approaches, showcasing the profound botanical knowledge deeply rooted in these 

ancient healing traditions (Khajuria et al., 2021). In plants, secondary metabolites play a vital 

role in potential defence mechanism especially in the chemical conflict between plants and 

pathogens, to attract pollinators, allelopathic agents, UV-light shielding of the leaves and 

various signal transduction (Ahmed et al., 2017). 

Apart from medicinal properties, natural product has attracted great interest due to their 

use as dyes, polymers, fibers, glues, oils, waxes, flavouring agents, and perfumes. The term 

“secondary metabolites” was first quoted by A. Kossel in the year 1891, while he described 

that they hold less significance in plant life. The discovery of natural products has increased 

exponentially in recent decades, from just a handful of compounds per year in the 1940s to an 

average of over 1,600 per year in the last two decades. This surge is attributable to a number 

of factors, including the growing recognition of the therapeutic potential of natural products, 
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the development of more sophisticated analytical tools, and the refinement of compound 

isolation and structure determination techniques. In the early days of natural product research, 

scientists were limited by the rudimentary analytical tools available at the time. This made 

structure determination extremely challenging and time-consuming, often requiring years of 

painstaking work. However, the success of early therapeutic leads from nature, such as 

penicillin and streptomycin, spurred a surge of interest in the field. This led to the development 

of more sophisticated analytical tools, such as high-performance liquid chromatography 

(HPLC), nuclear magnetic resonance (NMR) spectroscopy, and mass spectrometry. The 

invention of 2D NMR methods in the mid-1980s was a particularly significant breakthrough, 

revolutionizing the process of compound isolation and structure determination (Pye et al., 

2017). With the advancement in discovery of natural products; addressing their specific 

biological activities; exploring their importance in various other fields; their 

ethnopharmacological values has promoted further investigations of plant secondary 

metabolites for effective drug discovery. 

In response to environmental stress, plants commonly synthesize secondary 

metabolites, which have demonstrated significant therapeutic benefits for humanity owing to 

their diverse pharmacological properties (Roy et al., 2022). These natural products exhibit an 

extraordinary range of structural and physicochemical diversity, coupled with potent 

pharmacological activities, making them invaluable resources in medicinal research. Despite 

their occasional fluorescence, often perceived as a curiosity by chemists, natural products 

possess exceptional molecular and biological attributes. Fluorescence, although perceived as a 

peculiarity, serves as a valuable asset in the study and development of these metabolites in both 

fundamental and applied life sciences. However, systematic investigations into fluorescent 

natural products have been relatively limited on a global scale, marking an area with untapped 

potential for further exploration and discovery (Duval and Duplais, 2017). Additionally, its 

utility extends to various domains including food technology, the dyeing industry, pesticide 

development, polymer synthesis, and other diverse applications (Senthilkumar et al., 2023). 

Polyphenols' photophysical and photochemical activity is of significant interest for 

possible therapeutic uses (Kelm et al., 2000; Psotova et al., 2006). Polyphenol photophysical 

characteristics, such as optical absorption and fluorescence, are greatly influenced by the 

solvent and pH of the solution. Favaro et al., (2007) investigated the acido- and iono-chromic 

characteristics of apigenin and luteolin, which are responsible for the color changes seen with 

age and have applications in diagnostics and art conservation. In ordered media such as 

liposomes (Mignet et al., 2012; Sengupta et al., 2004), bile salt media (Selvam and Mishra, 
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2011), and cyclodextrins (Mojr et al., 2010), the optical absorption and fluorescence 

characteristics of fisetin, another flavonoid polyphenol, display two emission peaks. 

In 2015, Tu Youyou was awarded the Nobel Prize in Physiology and Medicine for her 

ground-breaking discovery of artemisinin and dihydroartemisinin, marking a significant 

milestone in the realm of antimalarial drugs (Su and Miller, 2015). This achievement 

underscored the profound potential of plant-based components in drug discovery, highlighting 

their vital role in the field. The success of artemisinin is not an isolated case but rather a small 

fragment of the vast array of plant-derived compounds with potential therapeutic value. 

Notably, the National Cancer Institute (NCI) in the USA has channelled substantial efforts into 

exploring plant-based compounds for cancer treatment. Their Cancer MoonshotSM project, 

designed to accelerate cancer research and enhance therapeutic options for patients, focuses 

extensively on phytochemicals. Within this initiative, the NCI has curated a comprehensive 

collection of natural products and their purified chemical constituents, facilitating researchers 

in their quest to discover novel anticancer drugs (Ashraf, 2020). 

Numerous natural compounds derived from plants have demonstrated potential as 

therapeutic agents for several neurodegenerative diseases including Alzheimer's disease due to 

their anti-amyloid aggregation properties. Despite their effectiveness, the precise mechanisms 

underlying their activity remain unclear. Many of these natural compounds are observed to 

directly interact with diverse amyloid species, including oligomers and fibrils. This interaction 

induces conformational changes in beta-sheet assemblies, leading to the formation of non-toxic 

aggregates, thereby making them promising candidates for Alzheimer's disease treatment. 

Flavonoids, particularly myricetin and quercetin, are neuroprotective in Alzheimer's disease 

(AD) through a variety of mechanisms (Bu et al., 2016). 

The majority of plant polyphenols exhibit a non-polar nature, impacting their solubility, 

stability, and bioavailability within biological systems (Mondal et al., 2016). Additionally, 

these compounds are chemically unstable, reactive, and prone to degradation due to external 

factors such as temperature, chemical processing, and oxidation (Chang et al., 2022). 

Consequently, extensive research efforts are focused on developing efficient carrier systems to 

safely deliver these molecules to specific targets within cells and tissues. 

One notable technique involves encapsulation within self-assembling surfactant 

micelles. This method serves to shield drug-like molecules from adverse environmental 

conditions while facilitating their absorption. Molecular-level studies examining the 

interactions between drugs and micelles play a crucial role in predicting various 

pharmacological and pharmacokinetic properties of diverse drugs, thereby influencing their 
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efficacy (Saraf et al., 2018). Furthermore, these micelles are recognized for their ability to 

augment the bioactivity of phenolic compounds (Chat et al., 2011; Kwaśniewska & Kiewlicz, 

2022). 

In our current investigation, our primary emphasis is placed on Alpinia nigra, a plant 

species within the Zingiberaceae family. The family Zingiberaceae is widely studied for its 

important medicinal values and its major contribution in Indian Ayurvedic medicine. Gingers 

are annual or perennial rhizomatous herbs and are known for their use in various products such 

as spices, drugs, perfumes etc. The family Zingiberaceae consists of various important genera 

having their medicinal values such as Alpinia, Amomum, Curcuma, Elettaria, Hedychium, 

Kaempferia and Zingiber (Kumar et al., 2013). The family Zingiberaceae is rich in metabolites 

such as flavonoids, tannins and some terpenoids which have therapeutic properties against 

various cancer, neurodegenerative diseases, heart disease and several forms of other diseases. 

A. nigra (Gaertn.) Burtt is a perennial and aromatic rhizomatous herb with medicinal 

properties. It is widely distributed in China, India, Srilanka and other Southeast Asian countries 

(Panizzi et al., 2002). In many traditional dishes it is widely used as a flavouring agent and 

spice. In Assam it is commonly named as “Tora” and the aqueous extract from its rhizome and 

shoot is used as folk medicine to treat various health problems such as bone weakness, jaundice, 

gastric ulcers etc (Tushar et al., 2010). Report suggests that the seed extracts have effective 

antibacterial properties (Ghosh et al., 2013), the rhizome extracts have anti-inflammatory 

effects (Das and Qais, 2012), the ethanolic shoot extract showed anthelmintic effects (Roy and 

Swargiary, 2009), also cytotoxic and analgesic effects of leave extracts were reported from the 

plant (Ahmed et al., 2015). 

The plant A. nigra has remained relatively unexplored in scientific research. 

Consequently, our present investigation was initiated with the primary objective of isolating a 

remarkably pure compound, namely 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF), belonging 

to the flavonoid class. This compound was meticulously extracted from mature leaves of A. 

nigra using organic solvents. Subsequent to its isolation, our research aims to explore its 

photophysical attributes in the presence of diverse surfactant micelles and to evaluate its 

potential biological activity. 
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Review of Literature 

 

1.2 Advancement in natural product research 
 

Natural products present distinct attributes when compared to traditional synthetic molecules, 

offering both advantages and complexities in the realm of drug discovery. Developing drug 

leads from natural products can be particularly challenging, especially when intricate synthetic 

pathways are involved (Atanasov et al., 2021). Moreover, natural product-based drug leads are 

often pinpointed through phenotypic assays, and unravelling their precise molecular 

mechanisms can be a time-intensive endeavour (Corson and Crews, 2007). Fortunately, 

significant progress has been made in refining screening assays, utilizing innovative techniques 

such as induced pluripotent stem cells and gene editing technologies. These advancements 

contribute substantially to elucidating the modes of action of active compounds, enhancing our 

understanding of their therapeutic potential (Moffat et al., 2017; Shi et al., 2017). 

Classical research in the field of natural product-based drug discovery commences with 

the biological screening of 'crude' extracts, aiming to identify a bioactive 'hit' extract. 

Subsequently, this extract undergoes further fractionation to isolate the active natural products. 

The process of bioactivity-guided isolation is inherently laborious and encumbered with 

limitations; however, various strategies and technologies have been devised to address these 

challenges (Allard et al., 2018; Hubert et al., 2017). For instance, in order to create libraries 

compatible with high-throughput screening, crude extracts can be pre-fractionated into sub- 

fractions that are better suited for automated liquid handling systems. 

Metabolomics emerged as a powerful approach for the simultaneous analysis of 

multiple metabolites in biological samples. This method offers precise insights into the 

metabolite composition within natural product extracts. It aids in prioritizing natural products 

for isolation, expedites dereplication, and assists in annotating unknown analogues and new 

natural product scaffolds. Metabolite profiling typically involves the use of advanced 

techniques such as nuclear magnetic resonance (NMR) spectroscopy or high-resolution mass 

spectrometry (HRMS), often in combination with upstream liquid chromatography (LC) 

(Eugster et al., 2011) methods like LC-HRMS. These techniques, such as LC-HRMS, prove 

instrumental in separating numerous isomers present in natural product extracts. Dereplication 

of secondary metabolites in bioactive extracts involves determining molecular mass and 

formula, followed by cross-referencing in literature or structural natural product databases 
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enriched with taxonomic information. Proprietary databases like the Dictionary of Natural 

products play a pivotal role by compiling metadata that are challenging to extract from the 

literature. These databases offer valuable links to the biological sources of natural product 

structures (Stavrianidi, 2020). 

Furthermore, advancements in our understanding of biosynthetic pathways for natural 

products and the development of sophisticated tools for genome analysis and manipulation are 

pivotal drivers in modern natural product-based drug discovery. Biosynthetic genes in the 

genomes of natural product-producing organisms are identifiable due to their clustering in the 

genomes of bacteria and filamentous fungi. Many natural products are built upon polyketide or 

peptide cores, and their biosynthetic pathways involve enzymes such as polyketide synthases 

(PKSs) and nonribosomal peptide synthetases (NRPSs). These enzymes are encoded by large 

genes with highly conserved modules, enabling their identification and manipulation for 

tailored drug discovery efforts (Ziemert et al., 2016). 

 

1.3 Pitfalls in plant medicinal research 
 

Medicines made out of plant-based products have been used by man since ages. These have 

helped him stand the test of time by enriching him with immunity against several commonly 

occurring disease such as cold, fever, joint pains etc. India has been the host to development of 

a few traditional systems of medicine. These systems include Ayurveda and Unani, which are 

based upon the use of plant-based medicines to cure common ailments. However, no scientific 

records are available to decide the effectivity and the identity of these plants. This has led to 

doubts and concerns being raised over the use of plant-based medicines, alongside a few other 

reasons. Other reasons being (i) several herbs known by the same name have different scientific 

identity, (ii) Even if they do have the same scientific identity or origin, they differ based upon 

the topography they are exposed to and grown in, (iii) various stages of processing the plant- 

based medicines cause variations in the effectiveness and the safety, (iv) frequent unavailability 

of these medicine create a lot of disorder and chaos, and (v) the bar for standard in the field of 

herbal medicines aren’t specifically set. These pitfalls have delayed the inculcation of some 

well-known traditional medicine recipes into modern medicinal system (Gupta, 1994). 

Commercially traded raw herbal drugs are subject to regulation and control through 

diverse measures, varying across countries. Among these measures, species protection stands 

out as a paramount consideration in the international trade of medicinal plants. The Convention 

on International Trade in Endangered Species of Wild Fauna and Flora (CITES), an 
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international treaty proposed by the World Union Conservation (WUC), has established 

rigorous protocols to regulate international trade, ensuring the trade of specimens without 

jeopardizing their survival. In India, the escalating demand from herbal industries has led to 

unscientific extraction of medicinal plants from the wild, constituting approximately 80 percent 

of the extraction (Ved and Goraya, 2007). This rampant extraction has resulted in the 

overexploitation of resources, posing a grave threat to the survival of these species and severely 

impacting the livelihoods of communities dependent on these resources. The inaccessibility to 

potent ayurvedic raw drugs has further exacerbated the situation, leading to adulteration and 

substitution with closely related or similar-looking species, thereby compromising the quality 

of these herbal (Unnikrishnan et al., 2020). 

The escalating global utilization of plant-based medicines is accompanied by 

significant challenges. Foremost among these challenges are the emergence of allergic 

reactions associated with these medicines, the ambiguity surrounding their precise clinical 

efficacy and appropriate dosage, as well as the attitudes of patients towards their utilization. 

These factors collectively contribute to the decline in the field of plant medicinal research. 

Natural medicine is widely perceived as safe, with minimal adverse drug reactions (ADRs). 

However, despite their natural origin, Chinese herbs, if improperly utilized, can pose risks. For 

instance, Ginseng, renowned for its purported benefits in prolonging life and enhancing sensory 

functions, may yield adverse outcomes with excessive consumption. Instead of the intended 

effects, excessive usage can lead to adverse reactions affecting the nervous and digestive 

systems. In severe cases, it may even prove fatal (Zeng and Jiang, 2010). 

 

1.4 Plant secondary metabolites 
 

Plants synthesize a large diversified group of low molecular weight compounds. These 

compounds help plants withstand extreme environments and to colonize. Low molecular 

weight organic compounds can be distributed, with respect to prospective function, as primary 

metabolites, secondary metabolites (also known as specialized metabolites) and plant 

hormones (Lazar, 2003). As they are known for their biological significance, plant secondary 

metabolites have been in use, as traditional medicines, for over centuries now. In today’s era, 

they have been put to use in several sectors such as pharmaceutics, cosmetics, fine chemicals, 

or more recently nutraceuticals. Recently, surveys have also shown that 25% of the molecules 

used in the pharmaceutical industry are known to be of plant-based origin (GF, 1991). 
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Plant secondary metabolites can also be further classified into four major classes: 

terpenoids, phenolic compounds, alkaloids and sulphur-containing compounds. For a long 

time, the production of plant secondary metabolites has been based on the field cultivation of 

medicinal plants. However, due to the difficulties in cultivating plants which have particular 

biotopes, scientists and biotechnologists have been led to consider plant cell, tissue and organ 

cultures as alternatives to the production of plant secondary metabolites from plant cultivation 

(Bourgaud et al., 2001). In this discourse, we delve comprehensively into the multifaceted 

realm of flavonoids and their myriad applications in details. 

Flavonoids and their various applications 

 
Flavonoids are a diverse group of phytochemicals abundantly found in the plant kingdom. They 

are also known as secondary metabolites and plays crucial roles in plant defence mechanisms 

and development. During specific stress conditions, secondary metabolites can regulate various 

pathways and also act as toxins and antibiotics against harmful pathogens. Flavonoids are also 

well known for imparting colour and fragrance in flowers (D’Arcy, 2022). These are widely 

found among fruits, vegetables etc (Lee et al., 2009). Flavonoids were first isolated from orange 

in 1930 and were named as ‘Vitamin P’. This was successfully done by a Hungarian 

physiologist Szent-Gyorgyi (Coppock and Dziwenka, 2016). Flavonoids were mass 

popularized after the discovery of the ‘French Paradox’. It suggested the prevention of 

cardiovascular diseases, evident in the Mediterranean natives, due to the consumption of red 

wine, known to be a rich source of flavonoids (Tapas et al., 2008). The structure of flavonoids 

is a 15-carbon skeleton comprising of two phenyl rings named A and B linked via a heterocyclic 

4H-pyrane ring named C (Fig. 1.1). Modification to this basic structure, through different level 

of oxidation and substituents to the ring C, is responsible for the existence of different classes 

of flavonoids (Fig. 1.2). Polyphenols are known to possess radical scavenging properties. The 

magnitude of these activities is directly pronounced by the number of hydroxyl atoms in the 

aromatic B-ring (Lee et al., 2009). 

 

 
Fig. 1.1: Basic structure and numbering scheme of Flavonoids (Zeng and Jiang, 2010). 
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Polyphenols, have been known to generate reactive oxygen species (ROS) under certain 

circumstances, which can react with molecular oxygen, when auto-oxidation occurs, and 

produce superoxide anion radicals (O2•-) which gives rise to a pro-oxidant effect (Metodiewa 

et al., 1999). Flavonoids can go a step further as they have the ability to give a hydrogen atom 

from their catechol structure to O2•− produced during auto-oxidation to produce hydrogen 

peroxide (Miura et al., 1998). Report suggests that metal phenolic networks could break 

peroxide into reactive species, which in turn can be used in water clean-up (Tardy et al., 2018). 

Polyphenols are being considered as potential compounds to influence the major cellular 

processes involved with neurodegeneration. Among polyphenols, specifically interesting cases 

arise for flavonoids, which are abundantly found in food and beverages (Wang and Joseph, 

1999). Certain observations have prompted researchers to develop seemingly lot of interests in 

flavonoids, for instance, regular intake of wild blueberry juice was found to enhance, in older 

adults several aspects of memory, reduced depressive symptoms and lowered glucose levels. 

In plants, flavonoids are the dictators for the colour and scent of flowers, to attract pollinators 

and scattering of fruits, to help in germination of spores, seeds, and the development of 

seedlings (Griesbach and Austin, 2005). 

Flavonoids are known to act as UV filters. They also protect the plant from several 

abiotic and biotic factors (Takahashi et al., 2004). Flavonoids exhibit the role of UV absorption 

and plays important role in plant protection against these radiations. Research encompassing a 

diverse spectrum of species, including Arabidopsis, Ligustrum vulgare, Vitis vinifera, and 

petunia, has yielded new insights, elucidating the pivotal role of UV light in stimulating the 

biosynthesis of flavanol compounds (Agati et al., 2011; Berli et al., 2010; Kusano et al., 2011; 

Ryan et al., 2002; Stracke et al., 2010). Frost hardiness and resistibility to drought are also 

controlled by flavonoids and may play a functional role in adapting a plant to heat and freezing 

conditions. Flavonoids are also known for their antioxidant properties which solely depends on 

the functional group and its position around the nuclear structure. The free radical scavenging 

activity of flavonoid is influenced by its hydroxy groups position in the catechol B-ring and 

pyran C-ring (D’Amelia et al., 2018). Various subclasses of flavonoids such as flavon-3-ol, 

flavones and flavanones are reported to exhibit effective antiviral properties against HIV 1 and 

HIV 2 immunodeficiency (Tajammal et al., 2022). It has been also reported that flavonoid 

exhibits antibacterial activity against Propionibacterium acnes which causes skin acne 

(Tungmunnithum et al., 2018). Flavonoids are further subdivided into: flavones, flavonols, 

flavanones, flavanonols, flavanols (Fig. 1.2). 
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Fig. 1.2: Basic skeleton of flavonoids and their classes (Panche et al., 2016) 

 
Over the course of time, several speculations revealed that flavonoids are known to 

possess anti-oxidizing, anti-microbial, anti-tumour, and anti-inflammatory properties. These 

findings have only fuelled the pace in research in the field of flavonoids. The biological 

activities of various flavonoids have been listed in Table 1.1. 

Table 1.1: Biological activities of various flavonoids 
 

Flavonoid Biological activity Reference 

Silymarin Effective against neurodegenerative 

diseases; inhibits Aβ aggregation 

Liu et al., 2021; Roghani et al., 

2010; Yin et al., 2011 

Naringin acetylcholinesterase inhibitor Remya et al., 2014 

Naringenin acetylcholinesterase inhibitor Sachdeva et al., 2014 

Baicalein modulates metabolic balance between 

glutamate and GABA 

Yu et al., 2012 

Rutin Activation of MAPK, ERK2, and PI3K 

pathways. 

Magalingam et al., 2013 
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Quercetin Increases the antioxidant defenses GSH 

and SOD and increases the dopamine 

levels Decreases extracellular b- 

amyloidosis, tauopathy, astrogliosis, 

and microgliosis by decrease BACE1- 

mediated cleavage of APP (into CTFb) 

Haleagrahara et al., 2013 

Apigenin Induces neurogenesis via ER a and b Zhao et al., 2013 

Genistein, 

daidzein, 

quercetin 

Human Breast cancer Han et al., 2001; Pouget et al., 

2001 

Quercetin, 

myricetin, 

chalcones 

Human Leukemia Petrides et al., 1990; Shi et al., 

2001 

Chung et al., 1999; Csokay et al., 

1997 

Diosmetin Anticancer activity Androutsopoulos et al., 2009 

Dihydromyricetin Anticancer activity Wu et al., 2013 

Theaflavin Antibacterial activity Vijaya et al., 1995 

 

 

Anticancer properties of flavonoids 

 
Flavonoids have been reported to exhibit anticancer properties against various cancers; Reports 

suggest that flavonoids are capable of inhibiting the proliferation of tumour cells by inhibiting 

the formation of ROS, cyclooxygenase-2 and 5-lipoxygenase enzymes (Ginwala et al., 2019). 

Kaempferol have been reported to show activity against breast cancer cell (MCF-7), human 

osteosarcoma, lung and stomach cancer cells (Kozłowska and Szostak-Węgierek, 2022). 

Kaempferol have also shown to cause apoptotic cell death in endometrial cancer by suppressing 

17β-estradiol-induced Bcl-2 and survivin expression (Chuwa et al., 2018), it has been also 

reported to induce autophagy in human hepatic cancer cells (Huang et al., 2013). Quercetin is 

reported to downregulate the expression of antiapoptotic molecules Bcl-2, Bcl-xL and 

upregulating proapoptotic molecules such as caspase-3, caspase-9, Bid, Bad, Bax and 

cytochrome C, resulting in inhibition of human metastatic ovarian cancer cell PA-1 cells 

growth (Teekaraman et al., 2019). 
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1.5 Anti-amyloidogenic properties of polyphenols 
 

Proteins stand as paramount macromolecules, comprising elongated sequences of amino acids 

vital for cellular activities. Their diverse structures and functions are orchestrated by 

ribosomes, cellular machinery producing these biomolecules. The linear covalent arrangement 

of polypeptides by ribosomes eventually acquires specific native conformations. Protein 

folding, a process intricately governed by amino acid sequences, enables polypeptides to adopt 

their unique, functional native structures through physical mechanisms (Finkelstein et al., 

2017). However, the transformation of peptides and proteins into distinctive amyloid fibrils 

constitutes a fundamental factor underlying several neurodegenerative disorders (Chiti and 

Dobson, 2006). The various stages of protein aggregate formation have been depicted in Fig. 

1.3. 

 

 
Fig. 1.3: (A) Diagrammatic representation of the steps for the formation of aggregation. (B) Depicted events 

shows the misfolded proteins or amyloid fibrils can form protein aggregate or refold back to the native structure 

(Rajan et al., 2021). 

Distinct protein aggregates are typically specific to particular diseases, whether 

occurring within the central nervous system (CNS) or in peripheral tissues. Amyloid beta (Aβ) 
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and tau aggregates are hallmarks of Alzheimer's disease (Duyckaerts et al., 2009), whereas 

alpha-synuclein (α-syn) is the central player in Parkinson's disease (Samii et al., 2004). Prion 

disorders, also known as transmissible spongiform encephalopathies (TSE), are characterized 

by misfolded prion protein (PrPSC) aggregates (Hetz and Soto, 2003). Amyotrophic lateral 

sclerosis (ALS) cases show superoxide dismutase 1 (SOD1) and TAR DNA binding protein 

(TDP-43) aggregates (Taylor et al., 2016). Huntington's disease is defined by the accumulation 

of huntingtin protein (htt), which is prone to aggregation owing to glutamine-rich region 

expansions (polyQ), resulting in the formation of neuronal inclusion bodies (Ross and Tabrizi, 

2011). AA amyloidosis is a peripheral illness characterized by aberrant deposition of insoluble 

serum amyloid A protein (SAA) in the liver, spleen, and kidney (Westermark et al., 2015). Islet 

amyloid polypeptide (IAPP or amylin) accumulates in pancreatic beta cells in type 2 diabetes 

(T2D) (Mukherjee et al., 2015). Transthyretin amyloidosis is a slowly progressing disorder 

characterized by the build-up of misfolded transthyretin (TTR) in the peripheral nerve system, 

resulting in peripheral neuropathy (Sekijima, 2015). Regardless of the illness, protein 

aggregation development follows a common seeding-nucleation kinetic model that involves 

soluble intermediate species, protofibril formation, and the build-up of insoluble fibrillar 

aggregates (Morales et al., 2013; Moreno-Gonzalez et al., 2011). 

Polyphenols represent an extensive category of naturally occurring chemical 

compounds, however synthetic and semi-synthetic structures containing one or more aromatic 

phenolic rings have also been identified. Polyphenols sourced from natural products like green 

tea, grapes, and red wine have demonstrated the ability to mitigate protein aggregation both in 

vitro and in vivo (Ngoungoure et al., 2015). The past decade has witnessed profound research 

focus on diminutive natural compounds abundant in aromatic groups, particularly polyphenols. 

The allure of these entities lies in their natural origin, prevalent in food and herbal extracts, 

ensuring widespread availability, stability, minimal adverse effects, and convenience (Dhouafli 

et al., 2018). 

Curcumin (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione, is 

a yellow compound naturally occurring in turmeric. Renowned for its multifaceted properties, 

including anticancer, antioxidant, and antiviral activities, curcumin has also been extensively 

investigated for its anti-aggregation capabilities in proteins. Studies have demonstrated 

curcumin's efficacy in mitigating the aggregation of proteins such as HEWL, Aβ, insulin, 

lysozyme, synuclein, and prion protein (Folch et al., 2018; Sgarbossa, 2012). Notably, its 

lipophilic nature enables curcumin to permeate the blood-brain barrier, allowing it to interact 
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with amyloids, disrupting their oligomeric structures and impeding amyloid production 

(Ringman et al., 2005). Curcumin operates through diverse mechanisms on various proteins, 

encompassing the prevention of conformational alterations, disaggregation of formed 

aggregates, and inhibition of fibril formation (Ahsan et al., 2015; Ghosh et al., 2015). The effect 

of curcumin on HEWL aggregates is shown in Fig. 1.4. 

 

 
Fig. 1.4: Schematic model of the effect of curcumin on the aggregation of Hen egg white lysozyme, as model of 

globular proteins (Ahmad et al., 2017). 

Tannic acid, a water-soluble polymeric polyphenol composed of phenolcarboxylic and 

gallic acids, functions as a dose-dependent inhibitor of β-amyloid fibrillization (Ono et al., 

2004). Another polyphenol, primarily found in green tea, (-)-epigallocatechin-gallate (EGCG) 

(Cádiz-Gurrea et al., 2014), has demonstrated diverse biological activities such as antibacterial, 

antioxidant, neuroprotective, and anticancer properties both in vitro and in vivo (Amrati et al., 

2021; Betts et al., 2015). EGCG exhibits promising effects in inhibiting proteins like Ab, tau, 

aSyn, IAPP, TTR, and Htt, although the underlying mechanisms remain elusive. Polyphenolic 

inhibition extends to IAPP, insulin, and β-amyloid inhibited by phenolsulfonphthaleine, and - 

synuclein inhibited by baicalein (Höppener et al., 2000; Zhu et al., 2004). Moreover, 

compounds like exifon, myricetin, hypericin, gossypetin, purpurogallin, 

pentahydroxybenzophenone, and epicatechin gallate have demonstrated inhibition of β- 

amyloid and tau protein (Porat et al., 2006). Squalamine, a natural substance with anticancer 

and antiviral potential, significantly influences α-synuclein aggregation by competitively 

binding with the lipid membrane (Perni et al., 2017). Gallic acid, sourced from green tea leaves, 

emerges as a dual regulator of amyloid and metal-induced aggregation, suggesting potential 

avenues for metal-based treatments in neurodegenerative disorders (Khan et al., 2019). 
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1.6 UV-visible spectroscopy of polyphenols 
 

Molecules exhibit intricate charge and spin distributions, coupled with dynamic electric and 

magnetic fields that undergo transformations upon interaction with light. When a molecule 

absorbs energy, an electron transitions occurs from an occupied orbital to a vacant orbital 

possessing higher potential energy. Generally, the transition from the Highest Occupied 

Molecular Orbital (HOMO) to the Lowest Unoccupied Molecular Orbital (LUMO) 

predominates. Most molecules feature lowest-energy occupied molecular orbitals 

corresponding to s bonds, characterized by relatively lower energy levels. In contrast, 

nonbonding (n) orbitals carrying unshared pairs manifest at slightly higher energy states. The 

utmost energy levels are occupied by empty antibonding orbitals (π * and σ *) (Cantor and 

Schimmel, 1980; Pavia et al., 2014). The electronic energy levels and transitions are shown in 

Fig. 1.5. 

 

 
Fig. 1.5: Electronic energy levels and transitions (Pavia et al., 2014) 

 

A σ orbital arises from the amalgamation of two s atomic orbitals, a combination of one s and 

one p atomic orbital, or the alignment of two p atomic orbitals with collinear symmetry, 

forming what is referred to as a σ bond. Conversely, when two p atomic orbitals overlap 

laterally, they create a π orbital, giving rise to a π bond. In molecules like ethylene (CH2=CH2), 

carbon atoms are bonded through a combination of an s and a p bond. In this context, when a 

photon holding adequate energy interacts, it can elevate one of the π electrons to an antibonding 

orbital denoted as π*. This transition, known as π- π*, necessitates a significant energy input, 

particularly in the far-field spectrum. Contrastingly, a much higher energy input is imperative 

for the promotion of an σ electron (Valeur and Berberan-Santos, 2012). 

Within molecular configurations, heteroatoms like oxygen or nitrogen can harbour non- 

bonding electrons within their respective orbitals, denoted as n orbitals. It is crucial to note that 
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a non-bonding electron possesses the capacity to transition into an antibonding orbital, 

transformation is represented as n- π*(Valeur and Berberan-Santos, 2012). 

Aromatic compounds frequently undergo transitions within conjugated systems marked 

by π-π* transitions, as well as transitions due to the substituent nature denoted as n- π*. 

Notably, polyphenols, in contrast to monocyclic compounds, exhibit extended conjugation, 

causing a convergence of electronic energy levels. This phenomenon reduces the energy 

threshold for transitions, leading to bathochromic shifts and hyperchromism (Pavia et al., 

2014). 

The UV/Vis spectra of polyphenols are frequently attributed to electronic transitions 

occurring within p-type molecular orbitals (MOs), the characteristics of which vary along the 

molecular backbone based on the subclass. Elevated molar absorption coefficients, indicative 

of strong transitions, stem from several factors: (i) significant coefficients in the linear 

combination of atomic orbitals (LCAO), (ii) extensive molecular topology, and (iii) topological 

resemblance in the contributing orbital (Gierschner et al., 2012). In the realm of flavonoids, the 

LUMO clusters are typically situated either directly on the carbonyl group or are diffusely 

spread across the molecular moiety encompassing the carbonyl group. Simultaneously, the 

HOMO clusters exhibit delocalization predominantly within the B ring. This distinctive 

arrangement engenders intramolecular charge transfer phenomena during the HOMO-LUMO 

transition, unveiling the nuanced electronic dynamics within these compounds (Markovic and 

Tosovic, 2015). An example depicting the energy and HOMO and LUMO for quercetin and its 

glucosides is shown (Fig. 2.6). 

 

 
Fig. 1.6: The energy and distribution of HOMO and LUMO for quercetin and its glucosides in the gas phase 

(Zheng et al., 2017). 
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The nonbonding n orbitals, possessing lower energy levels than the p orbitals, are 

precluded from engagement in electronic transitions, as observed in previous studies involving 

monohydroxy-flavones, specifically flavonols (Cornard et al., 1997). The HOMO 

demonstrates an antibonding disposition concerning the interring bond, harmonizing with the 

rotational dynamics of the B ring in relation to the chromone segment. In contrast, the LUMO 

exhibits a bonding character pertinent to the same bond. The prominent peak within the long- 

wave spectrum predominantly stems from the HOMO-LUMO transition, constituting a 

significant majority, surpassing 51% of the overall spectral contribution. This involvement 

diminishes substantially in subsequent transitions. During the HOMO-LUMO transition, 

electronic charge density migrates from the B ring to the C4=O2 bond. In other transitions, 

charge transfer occurs from one aromatic ring, traversing through carbon (C), to the adjacent 

aromatic ring (Cornard et al., 1997). At long wavelengths, flavones, flavonols, and isoflavones 

universally exhibit the HOMO-LUMO and HOMO-1-LUMO transitions. Due to their modest 

energy disparities and spatial distinctions, these transitions underpin the most robust absorption 

bands in flavones and flavonols. Notably, the presence of a potent hydrogen bond diminishes 

the HOMO-LUMO gap in flavonols, causing the absorption band linked to the HOMO-LUMO 

electronic transition to manifest at wavelengths longer than observed in flavones. In the realm 

of isoflavones, weak conjugation between the HOMO and LUMO clusters, coupled with 

heightened energy discrepancies, leads to the emergence of a subtle shoulder in their electronic 

transitions (Tošović and Marković, 2017). 

 

1.7 Plant polyphenols in focus: overcoming drug-delivery complexities 
 

In recent years, there has been a notable upsurge in the exploration of alternative medicines 

and the medicinal applications of natural products, particularly those derived from plants. 

Phytochemicals, comprising diverse compounds, find utility in various forms such as 

conventional foods, dietary supplements, pharmaceuticals, cosmetics, and medical devices, 

contingent upon the characteristics of the final product (Hoffman, 2015). Governments, 

international organizations, and industries are actively engaged in the search for potential 

medicinal herbs and natural products, viewing them as abundant sources of novel medicinal 

compounds. Remarkably, a substantial number of newly licensed chemical entities in the past 

two decades have been small-molecule natural products (SMNPs) or SMNP-derived entities. 

This resurgence in interest surrounding plant derivatives can be attributed to various factors, 
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including the amplified adverse effects associated with conventional treatments (Benowitz, 

1996; Danishefsky, 2010). 

However, the use of these plant-derived compounds presents challenges that hinder 

patient compliance. Factors such as potent odour and unpalatable taste contribute to these 

challenges. Additionally, issues like low solubility, slow dissolution rates, and instability at 

high pH levels significantly diminish their therapeutic efficacy, necessitating high dosages for 

meaningful impact (Puglia et al., 2017). According to the "Lipinski rule" (Biasutto et al., 2014; 

Lipinski, 2001), their reduced absorption correlates with their polarity and substitution groups. 

On the other hand, it is critical to evaluate the compound's cell permeability as well as its water 

solubility. Polyphenols are characterized as (1) having high solubility but poor cell membrane 

permeability, (2) having low solubility and low cell membrane permeability, and (3) having 

low solubility but good cell membrane permeability (Hu et al., 2017). 

The low aqueous solubility of many drugs is a major challenge in drug delivery, as it is 

associated with low oral bioavailability (Bansal et al., 2011). To counter this challenge, the 

utilization of nanosized drug carriers, including polymeric nanoparticles, liposomes, 

dendrimers, and micelles, has emerged as a promising approach. These carriers can enhance 

the delivery of drugs to their target tissues and increase their bioavailability by many folds 

(Mishra et al., 2010; Oerlemans et al., 2010). 

Specific examples of delivery methods that have already made an impact: 

 
• Nanoparticle 

 
Nanoparticle systems are emerging as a powerful tool for drug delivery. Nanoparticles 

can protect drugs from enzymatic degradation (Khan et al., 2006), alter their 

pharmacokinetics (Schluep et al., 2009), reduce their toxicity (Italia et al., 2007), and 

provide controlled release over extended periods of time (Grabovac and Bernkop- 

Schnürch, 2007). Within the realm of drug delivery systems, there exist diverse types 

of nanoparticles, one category is self-assembled nanoparticles. These nanocarriers 

typically exhibit a hydrophobic core and a hydrophilic shell, rendering them superior 

for drug delivery purposes (Kataoka et al., 2012; Yokoyama et al., 1991). Another 

category comprises polymeric nanoparticles, known for their controlled and sustained 

release properties (Reis et al., 2006), subcellular size, and compatibility with tissues 

and cells (Panyam and Labhasetwar, 2003). Researchers have explored various 
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nanoparticle types in chemoprevention, employing compounds such as narigenin 

(Sulfikkarali et al., 2013), curcumin (Bisht et al., 2007), and epigallocatechin gallate 

(Siddiqui et al., 2009). 

 

• Liposomes 

 
Liposomes, spherical nanovesicles comprising natural phospholipids and cholesterol, 

offer a versatile platform for drug delivery. Capable of encapsulating drugs with 

varying solubilities or lipophilicities either within their aqueous core or at their bilayer 

interface, liposomes serve as effective carriers (Sharma and Sharma, 1997). 

Furthermore, they have demonstrated efficacy as immunological adjuvants 

(Gregoriadis, 1990). Liposomes derived from natural lipids possess unique attributes, 

being biodegradable, biologically inert, weakly immunogenic (Van Rooijen and van 

Nieuwmegen, 1980), and eliciting minimal antigenic or pyrogenic responses 

(Campbell, 1983). Their unique properties make them promising candidates for 

immunological adjuvants and drug carriers in a variety of biomedical applications. 

 

• Niosomes 

 
Niosomes, minute vesicular structures composed of cholesterol and nonionic 

surfactants, mirror the architecture and functionality of liposomes (Chandu et al., 2012). 

However, they offer distinct advantages, including reduced costs, enhanced stability, 

and heightened adaptability. These nanostructures exhibit the capability to encapsulate 

a diverse array of therapeutic agents, encompassing both hydrophilic and hydrophobic 

drugs (Aqil et al., 2013). Niosomes can be administered through various routes such as 

oral, topical, transdermal, or parenteral, among others. Niosomes have demonstrated 

remarkable abilities, enhancing the oral bioavailability of poorly absorbed drugs, 

augmenting skin penetration, and regulating drug delivery rates. Additionally, they 

prove instrumental in targeted drug delivery, directing medications precisely to specific 

tissues and cells. In summary, niosomes emerge as a compelling alternative to 

liposomal drug carriers, showcasing multifaceted medical applications owing to their 

unique properties (Aqil et al., 2013). 

 

• Cyclodextrins 
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Cyclodextrins represent distinctive molecules featuring a 'pseudo-amphiphilic' 

structure. Cyclodextrins are produced by the enzymatic degradation of starch, and 

several members of this family are widely used in pharmaceutical and allied 

applications. Cyclodextrins have a lipophilic inner cavity and a hydrophilic outer 

surface. This unique structure allows cyclodextrins to form noncovalent inclusion 

complexes with a wide variety of guest molecules (Challa et al., 2005). The 

hydrophobic inner cavity of cyclodextrins can accommodate poorly water-soluble 

molecules, while the hydrophilic outer surface facilitates the solubility of the complex 

in the aqueous environment (Thompson, 1997). 

 

• Micelles 

 
Micelles are self-assembled spherical structures formed by amphiphilic molecules, such 

as lipids or polymers, in aqueous solutions (Kataoka et al., 2012). Micelles can 

encapsulate and deliver a wide range of therapeutic agents, including both hydrophilic 

and hydrophobic drugs. The drug is well protected from degradation and inactivation 

within the micellar core, which can result in improved bioavailability and retention. The 

release of drugs from polymeric micelles is governed by a variety of factors, including 

micelle stability, drug diffusion rate, partition coefficient, and copolymer 

biodegradation (Kwon and Okano, 1996). Other factors that can influence drug release 

include the drug concentration within the micelles, molecular weight, physicochemical 

properties, and location within the micelles (Teng et al., 1998). The micelle delivery 

system has shown great promise in preclinical and clinical studies, with seven different 

polymeric micelle formulations of antitumor drugs in clinical trials (Gong et al., 2012). 

 

Encapsulation of hydrophobic drug molecules within surfactant micelles is a 

popular strategy for enhancing their solubility in aqueous media (Talat et al., 2019). 

The critical micelle concentration (CMC) of surfactants is influenced by a number of 

factors, including interactions between the drug and carrier materials. These 

interactions can also impact the loading efficiency, drug stability, and targeted delivery. 

Of paramount importance are two key parameters governing the interactions of drug 

molecules with surfactant micelles: (a) the drug-micelle binding constant, and (b) the 

partition coefficient at the micelle-water interface (Čudina et al., 2008; Talele et al., 

2016). 
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In the following discussion, we delve into the intricacies of surfactant-based 

drug carriers, shedding light on their vital role in enhancing drug solubility and 

facilitating targeted delivery. 

 

Surfactants 

 
Surfactants, also known as surface-active agents, are organic compounds with a dual 

nature. Surfactants are organic compounds composed of distinct parts: a lyophobic 

section, insoluble in specific solvents, and a lyophilic segment, which is soluble. This 

dual characteristic renders surfactants amphipathic, exhibiting both hydrophobic and 

hydrophilic properties (Moroi, 1992). At concentrations surpassing the CMC, these 

molecules organize into micelles. In this arrangement, the hydrophilic head of the 

surfactant molecule interacts with water or polar solvent molecules, while the 

hydrophobic tail engages in hydrophobic interactions (Saha et al., 2023). Surfactants 

can be classified into various types based on the nature of their head groups, showcasing 

their diverse applications and fundamental role in interfacial phenomena. The 

systematic classification of surfactant is depicted in Fig. 1.7. 

 
 

 
Fig. 1.7: Systematic classification of surfactants (Tiwari et al., 2018). 
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Some common types of surfactants include: 

 
• Cationic surfactants, characterized by their positively charged 

hydrophilic head groups, dissociate in water, generating a positive 

charge at the head and a corresponding negatively charged counter 

ion. Examples include cetyltrimethylammonium bromide (CTAB), 

cetylpyridinium chloride (CPC), benzethonium chloride (BTC), and 

tetradecyltrimethylammonium bromide (TTAB). 

 

• Anionic surfactants feature negatively charged hydrophilic heads. 

Upon dissolution in water, they yield negatively charged ionic heads 

and positively charged counter ions. Commonly used anionic 

surfactants incorporate sulfate, sulfonate, phosphate, and 

carboxylate functional groups. Sodium dodecyl sulfate (SDS) and 

sodium lauryl sulfate (SLS) are notable examples, recognized for 

their solubilizing properties and low toxicity. 

 

• Nonionic surfactants are characterized by hydrophilic heads 

demonstrating minimal ionization in aqueous solutions due to their 

non-dissociative nature. Despite this, they exhibit compatibility with 

other surfactants, often serving as co-surfactants. Consequently, 

they find extensive utility in petroleum industries and environmental 

applications. Examples include tween, coco glucoside, and cetearyl 

oliveate. 

 

• Zwitterionic surfactants, unique in their ability to exhibit either 

cationic or anionic charges based on the solvent pH, possess 

hydrophilic groups carrying both positive and negative charges 

concurrently. Sulfobetaine, RN+(CH3)2CH2CH2SO3
- exemplifies 

this category. 

 
Surfactants operate through three fundamental mechanisms: roll-up, emulsification, 

and solubilization. The roll-up mechanism entails the reduction of interfacial surface 

tension between oil/solution and surface/solution, effectively removing the oil. 

Emulsification involves the creation of a simple oil emulsion by minimizing 

oil/solution interfacial tension. Solubilization occurs when solute molecules interact 
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with surfactants in the solvent, leading to the liquefaction of the solute and the formation 

of a pure and homogeneous solution (Suhail et al., 2019). It is worth noting that the 

presence of salts in the solution significantly influences surfactant characteristics, 

affecting micelle shape, size, critical micelle concentration (CMC), and interfacial 

behaviour (Hooshyar and Sadeghi, 2015). Despite the critical role of surfactants, 

limited research has explored the impact of different salts on plant polyphenols in 

surfactant systems. 

The amphiphilic nature of surfactants renders them versatile for various 

industrial applications, including medicines, corrosion inhibitors, detergents, de- 

emulsifiers, wetting agents, oil recovery enhancers, pharmaceutical formulations, and 

drug delivery systems. Furthermore, surfactants have emerged as vital components in 

nanotechnology, serving as stabilizers for hydrophobic inorganic nanomaterials such as 

carbon nanotubes, graphene, transition metal dichalcogenides, and black phosphorus 

(Shaban et al., 2020). Biotechnological applications include their use as extractants and 

solubilizers for proteins, pulmonary surfactants to enhance lung capacity in infants with 

acute respiratory syndrome, and bile salts crucial for digestion. Additionally, 

surfactants find innovative applications in environmental remediation, specifically in 

degrading pesticides and capturing CO2, as well as in creating specialized coatings and 

materials with enhanced underwater adhesion for efficient implantation of bio- 

electronic devices. Furthermore, they serve as sensors and self-assembled monolayers, 

contributing significantly to diverse fields, including materials chemistry, 

biochemistry, and nano-electronics (Basu et al., 2023). 

 

1.8 Zingiberaceae 
 

Zingiberaceae plants are also commonly known as gingers. They are believed to exist in about 

50 genera and 1300 species worldwide distributed mainly over the tropical parts of South Asia 

(Delin and Larsen, 2000). These plants mainly grow in wet places and are rarely found in 

secondary forest regions. However, certain plants can thrive under extremely sunny and high- 

altitude conditions. 

Essential oils are a type of metabolites in herb plants. Zingiberaceae herbs essential oils 

are known to be rich in α-terpineol, 1,8-cineole, (E)-methyl cinnamate, terpinen-4-ol, camphor, 

α-pinenes and β-pinenes (Santos et al., 2015). The fruits as well as rhizomes are known to be 

aromatic as well as analeptic in nature. Some of them are put to dietary use whereas others are 
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used to produce a constricting and transudating juice (Kumar et al., 2013). 

Zingiberaceae plants are used in traditional medicines and are also known to possess 

anticancer, antioxidative, anti-inflammatory, antiplatelet, anti-ulcer, anticonvulsive and 

analgesic properties (Zhang et al., 2023). Turmeric (Curcuma longa) is one of the most well- 

known Zingiberaceae species, and its main compound, curcumin, is known for its anti- 

inflammatory, antioxidant, antidiabetic, and anticancer properties. Other important genera in 

the Zingiberaceae family with medicinal properties include Alpina and Amomum (Kumar et al., 

2013). 

 

1.9 Alpinia nigra 
 

Alpinia nigra (Gaertn.) B.L. Burtt, is a perennial aromatic herb which is rhizomatous in nature. 

It is well known for its medicinal properties and it is also known as Tora (Assamese), Jongly 

Ada or Tara, Galangal, False Galangal, Black-Fruited, Kala etc. It is abundantly distributed in 

China, Bangladesh, India, Srilanka and other Southeast Asian countries (Cragg and Newman, 

2005; Delin and Larsen, 2000). 

 

 
Fig. 1.8: (a) A. nigra plant photographed at IIT Guwahati campus, (b) flower of A. nigra, (c) Seeds of A. nigra 

 

A. nigra (Fig. 1.8) grows well in moist, swampy areas and also near the river side. The 

underground stem consists of rhizome and the aerial stem also called the pseudo-stem is mainly 

the leaf sheath with an approximate height of 3.08 meters. The leaves are sessile, alternate, 

simple elongated, entire, and acute at base, apex of the plant is tiny petiole and very long leaf 

sheath. The type of inflorescence shown is panicle and the in-floret have involucre bract which 
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are asymmetrical. The flowers are fertile, white-pink in colour, asymmetric, 3 sepals and 3 

lobes, 3 petals and 3 lobes. The stamens are flat in nature comprising a total number of 5 which 

are separated at the apex, Labellum obovate, Lateral staminodes subulate. It consists of a single 

pistil with inferior ovary, style is present in middle of the anthers. The anthers comprise of three 

carpels with stigma placed over it. Fruit comprises of plentiful seeds with thin pericarp and it 

is green in color at initial stage and black in color when gets matured and old (Delin and Larsen, 

2000). 

Taxonomy 

Kingdom: Plantae 

Order: Zingiberales 

Family: Zingiberaceae 

Subfamily: Alpinioideae 

Tribe: Alpinieae 

Genus: Alpinia 

Species: nigra 

 
A. nigra is used to prepare traditional delicacy among various tribes across different 

places and also it has been used as a folk medicine for various health issues such as intestinal 

parasitic infection, gastric ulcers, irregular menstruation, bone weakness and jaundice (Tushar 

et al., 2010), dyspepsia, bronchitis, and insect bites (Qiao et al., 2007). The presence of two 

flavone glycosides, astragalin and kaempferol-3-O-glucuronide have been reported from the 

phytochemical analysis of A. nigra (Ahmed et al., 2015). The role of A. nigra in traditional 

herbal system has been depicted in Table 2.2 and the biological activities reported from A. 

nigra has been depicted in Table 2.3. 

Table 1.2: Role of A. nigra in traditional herbal system 
 

Plant Part Remedies References 

Shoot and rhizome Bone weakness, irregular menstruation, 

jaundice, and gastric ulcers 

Tushar et al., 2010 

Shoot Anthelmintic properties Roy and Swargiary, 2009 

Rhizome Fungal infections in the skin such as 

Pityriasis versicolor 

White et al., 2014 

Leaf and Root Loss of sensation in hands and legs Rahmatullah et al., 2010 
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Leaf, Rhizome, and root Used in the treatment of heart diseases, 

wounds, eye diseases, stomach ulcer, 

body pain, rheumatism, dyspepsia, 

Bhunia and Mondal, 2012 

 whooping colds in children, throat 

infection and fever 

 

Rhizome Juice is used to cure cough Baruah et al., 2018 

 
Rhizome 

 
Rheumatism and respiratory problems 

 
Bhatt et al., 2018 

 

 

Table 1.3: Biological activities reported for A. nigra 
 

Plant Part Properties References 

Leaves Antioxidant and antimicrobial activity Ahmed et al., 2015; Sahoo et al., 

2013 

 
Analgesic, antibacterial, and cytotoxic 

effect 

Ahmed et al., 2015 

 
Antidepressant effect Sharmen et al., 2014 

 
Antidiabetic effect Kabir et al., 2016 

 
Antioxidant and skin whitening (anti 

tyrosinase activity) 

Janyapanich et al., 2019 

 
Thrombolytic effect Sharmen et al., 2014 

 
Oxidative liver damage Islam et al., 2016 

Rhizome Cytotoxic effect Paul et al., 2015 

 
Inhibits the growth of Malassezia furfur 

and Microsporum gypseum, which 

cause dermal diseases in human. 

Rajapaksha et al., 2017 

 
Antibacterial and Cytotoxic activity Das and Qais, 2012 

 
Anticancer effects against both breast 

and cervical cancer cell lines 

Sahoo et al., 2018 
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Seeds Antibacterial Ghosh et al., 2013; Sahoo et al., 

2013 

Antioxidant and antibacterial properties Ghosh et al., 2013 

Antidiabetic properties  Ghosh and Rangan, 2014  

Anti-leishmanial activity  Ghosh et al., 2017  

 

1.10 Phytoconstituents present in A. nigra 
 

Phytochemicals from A. nigra have been traditionally used in many countries to cure various 

diseases. According to reports, the hydrodistillation of A. nigra's various components produced 

translucent oil from the seeds and flowers that are yellowish oil for the leaves, and reddish- 

brown oil with a distinctive smell as obtained from rhizomes. On a dry weight basis, yields of 

A. nigra's seeds, flowers, leaves, and rhizomes were estimated to be at 0.76%, 0.06%, 0.23%, 

and 0.18%, respectively (Ghosh et al., 2014). Kanjilal et al., (2010) reported 18 components 

for leaf and rhizome essential oil. The major component in A. nigra leaves was found to be 1,8- 

cineole (Kanjilal et al., 2010). Whereas, in contrast to (Kanjilal et al., 2010) β- caryophyllene 

was reported to be the major component of leaf essential oil. The essential oil reported from 

A. nigra contains terpenoids of the class mainly monoterpenes and sesquiterpenes (Zou et al., 

2016). The essential oil derived from A. nigra were found to possess potential antioxidant 

activities and rhizome essential oil has been reported to show most effective free radical 

scavenging properties. Also antibacterial properties have been reported for the essential oils 

derived (Ghosh et al., 2014). Presence of two types of natural diterpenes have been reported 

from the seed extracts of A. nigra which are diterpenes I:(E)-labda-8(17),12-diene-15,16-dial 

and II:(E)-8β,17-epoxylabd-12-ene-15,16-dial respectively. Both of the diterpenes were found 

to inhibit α-glucosidase and α-amylase by molecular docking studies which suggests these 

compounds to be potential herbal drug against diabetes (Ghosh and Rangan, 2014). Further 

antibacterial properties of both the compounds against three Gram positive and four Gram 

negative bacteria have been reported (Ghosh et al., 2014). Compound (E)-labda-8(17), 12- 

diene-15, 16-dial was found to inhibit the growth of C. albicans and also its effect on 

erythrocytes was studied which suggested its maximum dosage for IV administration to be 

0.44mg/mL (Chakrabartty et al., 2021). Another research group reported the presence of two 

bioactive flavones glycosides astragalin and kaempferol-3-O-glucuronide from A. nigra seeds 

(Qiao et al., 2007). The compound astragalin has been reported to show anthelmintic properties 

against Fasciolopsis buski by acting over the enzymes such as acid and alkaline phosphatase 
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and resulting in surface ultrastructural changes of the parasite. The various essential oil 

reported from A. nigra leaves are listed in Table 1.4 and the compounds reported from A. nigra 

seeds are listed in Table 1.5 and structures of some of the major essential oils are shown in 

(Fig. 1.9). 

Table 1.4: Essential oil content in leaves of A. nigra (Ghosh et al., 2014) 
 

Compound % of Essential Oil 

α-Pinene 6.4 

α-Thujene 0.1 

Camphene 0.3 

β-Pinene 13.8 

Sabinene 0.2 

β-Myrcene 0.3 

Limonene 0.3 

1,8-Cineole 0.5 

γ-Terpinene 0.1 

α-Copaene 0.1 

2-Nonanol 0.1 

Camphor 0.1 

Linalool 0.1 

Pinocarvone 0.1 

Isocaryophyllene 0.1 

β-Caryophyllene 47.7 

Myrtenal 0.1 

trans-Pinocarveol 0.1 

α-Humulene 7.5 

γ-Muurolene 0.2 

α-Terpineol 0.4 
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Borneol 0.1 

Drima-7,9(11)-diene 0.4 

Germacrene D 0.2 

β-Selinene 0.2 

α-Selinene 0.1 

(E,E)-α-Farnesene 0.1 

δ-Cadinene 0.1 

δ-Cadinene 0.1 

Myrtenol 0.1 

(E)-Anethol 1.2 

Isocaryophyllene oxide 0.3 

Caryophyllene oxide 4.3 

(E)-Nerolidol 3.6 

Humulene epoxide-II 1.1 

Neointermedeol 0.1 

Fokienol 0.1 

α-Cadinol 0.1 

Selin-11-en-4α-ol 0.2 

Caryophylla-2(12),6(13)-dien-5β-ol(= 

Caryophylladienol I) 

0.5 

Caryophylla-2(12),6(13)-dien-5α-ol 

(=Caryophylladienol II) 

1.6 

14-Hydroxy-β-caryophyllene 0.1 

Caryophylla-2(12),6-dien-5α-ol (= 

Caryophyllenol I) 

0.3 

Caryophylla-2(12),6-dien-5β-ol 

(=Caryophyllenol II) 

0.9 
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Geranyl linalool 0.4 

Phytol 1.0 

Hexadecanoic acid 0.6 

 

 

 

Fig.1.9: Structure of some major essential oil available in Alpinia nigra (Van et al., 2021) 

 
Table 1.5: List of compounds isolated from A. nigra seeds 

 

S.No. Compound Structure Family of 

compounds 

Reference 

1. (E)-labda-8(17), 12- 

diene-15, 16-dial 

 

 

Labdane 

diterpene 

Ghosh and 

Rangan, 2014 

2. (E)-8β 

 
,17- 

 
Epoxylabd-12-ene- 

15, 16-dial 

 

 

Labdane 

diterpene 

(epoxy 

derivative) 

Ghosh and 

Rangan, 2014 
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3. Astragalin R= glc 

 

 

Flavone 

glycoside 

Qiao et al., 

2007 

4. kaempferol-3-O- 

glucuronide 

 

 

R= glcUA 

Flavone 

glycoside 

Qiao et al., 

2007 

 

1.11 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) 
 

Flavonoid DHF (Fig. 1.10) isolated from the leaf extract of A. nigra is the main focus of this 

thesis work. DHF is a Kaempferol derivative in which the hydroxy groups at position 4’and 7 

in Kaempferol is replaced by methoxy groups. This compound is found in bee glue and has 

been detected in several plant species including Betula exilis, Zingiber mekongense, and 

Alpinia flabellata. It is the conjugate acid of 7,4'-O-dimethylkaempferol 3-olate and possesses 

functional similarities with kaempferol (NCBI:pubchem., 2023). DHF has been reported to 

exhibit the phenomenon of Excited-state intramolecular proton-transfer (ESIPT) (Portugal et 

al., 2006). The various biological activity reported from DHF are listed in Table 1.6. 

 

Fig. 1.10: Structure of 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) 

 

Table 1.6: Biological activities of DHF reported: 
 

Bioactivity Target molecule Result References 

Oestrogen activity MVLN cell line EC50 (M): 62.7 × 

10−8 

Ying et al., 2014 
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Anti-HIV-1 activity HIV-1 reverse 

transcriptase 

33.6% inhibition at 

200 μg/ml 

Chareonkla et al., 

2011 

 
Antioxidant and α- 

Glucosidase 

Inhibitory assay 

 
DPPH and 

porcine α-amylase 

Antioxidant activity: 

65.5 %, IC50- 86.1 

μM 

 
Alpha glucosidase 

inhibition: 

51.2%, IC50value: 

78.74 μM 

 
Jani et al., 2015 

 
Antioxidant activity 

and 

Enhances collagen 

production 

 
DPPH and 

 
L929 fibroblast cells 

 
IC50=39.0 μM and 

 
51.7 μg/mL on 

treatment with 10 

μM DHF 

 
Sudsai et al., 2016 

Antibacterial and 

Anti-HIV-1 activity 

S. aureus and HIV-1 

Integrase 

Moderate inhibition 

only of Gram- 

positive bacteria 

strain with 

MIC/MBC of 

64/>256 μg/ml 

Sudsai et al., 2017 

Antioxidant, anti- 

tyrosinase and anti- 

inflammatory 

activities 

DPPH;Tyrosinase; 

TNF-α and p-NF-κB 

Potent antioxidant 

activity at different 

conc. of DHF (30 

μM-       60       μM); 

inhibition of 

Tyrosinase at 60 μM 

DHF; inhibition of 

TNF-α      and      the 

Gupta et al., 2021 
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activation of Nuclear 

factor-κB (NF-κB) in 

dose dependent 

manner 

 

 

Further purification and structural characterization of bioactive compound DHF from the leaf 

extracts of A. nigra was carried out earlier (Gupta et al., 2021). 

 

1.12 Objectives of the thesis work 
 

A. nigra, a plant renowned for its medicinal properties yet insufficiently explored, current study 

focuses on isolating a pure compound, DHF, from its leaves. Within the framework of our 

present study, we have embarked upon the isolation of a pure compound, namely 3,5- 

dihydroxy-7,4’- dimethoxyflavone (DHF), from the leaves of A. nigra. Our comprehensive 

inquiry extends to unravelling the nuanced physical and chemical attributes inherent to DHF. 

An extensive exploration into its photophysical properties was undertaken, with a deliberate 

consideration of varying pH conditions. Moreover, we have probed the interactions of DHF 

with surfactant micelles of differing charge characteristics, Sodium dodecyl sulfate (SDS), 

Cetyltrimethylammonium Bromide (CTAB), and Tween20. These investigations were 

conducted under systematically modulated pH conditions, enriching our understanding of 

DHF's behaviour in these distinct environments. 

DHF is categorized among flavonoids, a class of compounds documented for their 

demonstrated anti-aggregation properties against amyloid fibres. However, curiously, its 

specific anti-aggregation potential remains uncharted. As such, our study seeks to fill this 

critical knowledge gap by investigating DHF's capacity to interact with protein aggregates, 

specifically those of HEWL, across a spectrum of pH levels, spanning pH 2, pH 5, and pH 

12.2. Despite various reported biological activities of DHF, its potential as an anticancer agent 

against colon cancer, particularly concerning cell lines HCT116 and SW480, remains 

unexplored. 

This extensive study not only sheds light on the nuanced physicochemical attributes of 

DHF but also uncovers its promising therapeutic potential in combating colon cancer. By 

bridging gaps in our understanding, this research paves the way for future advancements in 

both flavonoid research and targeted cancer therapies. 
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Therefore, the objectives of thesis work were decided as follows: 

 
1. Extraction, purification and subsequent investigations on the photophysical properties 

of 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) in various organic solvents, pH and 

aqueous surfactant micelles by UV-visible and fluorescence spectroscopy 

2. Studying the interaction of DHF with HEWL aggregates at varying pH conditions 

3. Studying the anticancer activity of DHF in colon cancer cells 
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Chapter 2 

Extraction,   purification,   and 

subsequent investigations  on  the 

photophysical   properties of 3,5- 

dihydroxy-7,4’-dimethoxyflavone 

(DHF) in various organic solvents, pH 

and aqueous surfactant micelles by 

UV-visible  and fluorescence 

spectroscopy 
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2.1 Introduction 

 
Flavonoids are polyphenolic compounds also known as plant secondary metabolites which are 

ubiquitously present in different variety of fruits, vegetables, and plant-based products. They 

are extensively studied due to their potent therapeutic properties against several metabolic 

diseases such as cancer, anti-inflammatory, antimicrobial and cardiovascular diseases (Sahu 

and Mishra, 2022). The biosynthesis of Flavonoids is under the photoregulation influence of 

both UV and blue radiation at various points. Additionally, the efficient absorption of 

flavonoids in the 290-400 nm range (cinnamoyl part) and 240-285 nm range (benzoyl part) has 

been ascribed to their role in providing protection against UV-induced damage in plants 

(Christoff et al., 1996). 

Flavonols represent a specific subgroup of Flavonoids characterized by a double bond 

between carbon atoms C2 and C3, along with a carbonyl group located at the C4 position. The 

yellow coloration exhibited by flavonols is attributed to the presence of a large conjugated 

double bond system, which allows them to absorb light in the visible range. Their absorption 

spectrum is particularly prominent around 340-380 nm, thereby enabling them to attract insects 

that are sensitive to ultraviolet (UV) light (Murkovic, 2016). Flavonols are reported to exhibit 

photoinduced excited-state intramolecular proton transfer (ESIPT). It has a dual fluorescence 

behaviour which is mainly environment-sensitive. The phenomenon of ESIPT observed in 3- 

Hydroxyflavone has been hypothesised to occur between 3-hydroxy (3-OH) group and the 

neighbouring C4 carbonyl group within the γ-pyrone ring. The number of hydroxy groups 

present in a flavonol significantly impacts its photophysical characteristics (Sahu and Mishra, 

2022). Flavonols have been documented to possess antioxidant properties, and it has been 

observed that a majority of diseases can be attributed to oxidative stress. This emphasizes the 

substantial potential of flavonols as health-promoting compounds, owing to their ability to 

counteract oxidative damage and its associated adverse effects. 

Compound 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) is a Kaempferol derivative in 

which the hydroxy groups at position 4’and 7 in Kaempferol are replaced by methoxy groups. 

It belongs to the flavonol group of flavonoid and it is a conjugate acid of a 7,4’-O- 

dimethylKaempferol 3-olate (NCBI:pubchem., 2023). DHF has been reported to exhibit the 

phenomenon of ESIPT (Portugal et al., 2006). Various biological activities of DHF has been 

reported such as: estrogenic activity (Ying et al., 2014); antibacterial and anti-HIV (Sudsai et 

al., 2017); and antioxidant; anti-tyrosinase; anti-inflammatory properties (Gupta et al., 2021). 
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A majority of drugs or molecules with therapeutic properties exhibit a non-polar 

character. The solubility of a drug stands as a pivotal determinant influencing drug release and 

bioavailability. Certain drugs exhibit pH-dependent solubility, manifesting alterations in 

solubility in response to varying pH levels; notable examples encompass verapamil 

hydrochloride, papaverine hydrochloride, dipyridamole, trimethoprim, and divalproex sodium 

(Bassi and Kaur, 2010). 

The utilization of amphiphile-based micellar solutions for drug delivery presents an 

efficacious strategy for conveying non-polar drugs to their intended targets. The hydrophobic 

core of the micelle facilitates the solubilization of water-insoluble drugs, enabling targeted 

delivery. Diverse drug carriers encompassing soluble polymers, insoluble natural and synthetic 

polymers, micro particles, cells, cell ghosts, lipoproteins, liposomes, and amphiphilic polymer- 

derived micellar systems are broadly used (Ahmad et al., 2014). 

This chapter is focused to investigating the solubility behaviour and photophysics of 

DHF within various charged surfactant micellar environments, considering pH as a variable. 

The time dependent stability of DHF was examined in distinct surfactant micelles across 

varying pH conditions using absorption and fluorescence spectroscopic techniques. 

Additionally, the process of DHF degradation under alkaline pH conditions was explored. 

 

2.2 Materials and methods 

 
2.2.1 Sample collection 

 

Mature leaves of A. nigra were collected from IIT Guwahati campus and the leaves were shade 

dried. The dried leaves were grinded into fine powder which was followed by further 

extraction. 

2.2.1 Hot solvent Soxhlet extraction by organic solvents 

 

In the present study, dried leaves powder of A. nigra was subjected for hot organic solvent 

extraction using Soxhlet extractor. The extraction of the same sample was carried out 

sequentially based on the increasing polarity gradient of the solvents starting with non-polar 

(n-hexane), semi-polar (ethyl acetate, EtOAc) and polar (Methanol, MeOH) respectively. The 

Ethyl acetate extract was further used as crude for isolating the compound. 
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2.2.2 Isolation and purification of compound from Ethyl acetate crude extract by 

normal phase column chromatography 

 

The ethanolic crude extract was further subjected to chromatography in silica gel (60-120 mesh, 

Merck India) using glass column (3 x 50 cm) and was eluted by step-wise gradient of ethyl 

acetate in hexane. Various fractions were collected and left for slow evaporation. The fraction 

which formed crystals was then subjected to further purification based on its solubility. The 

compound was first treated with hexane to remove any impurities that is soluble in hexane since 

the crystals were not readily soluble in hexane. After removing the impurities with hexane, it 

was subsequently followed by dissolving in acetone and adding deionised water which was 

kept for 3-4 days at room temperature for recrystallization. The crystals were recovered after 

3-4 days and washed with deionised water to remove any impurities. The compound is readily 

soluble in ethyl acetate and it was allowed to recrystallize by dissolving in ethyl acetate and 

allowed for slow evaporation. The recrystallized compound was further washed with hexane 

and its purity was checked using analytical TLC plates. 

2.2.3 TLC and High-performance liquid chromatography for purity analysis 

 

TLC of the purified compound was carried out in Merck Silica gel 60 F254 aluminium sheet. 

The mobile phase used was 20% ethyl acetate in hexane. The spot was visualized under iodine 

fume. 

The final purity of the compound was estimated by analytical reverse phase- HPLC 

(Shimadzu) using C18 (250x4.6mm, 5 microns pore size) column. The sample injection 

volume was 30 μL, and elution was performed at 1.0 mL/min flow rate with 5-100% gradient 

of water in acetonitrile (0-45min). The program was run for 45 minutes with UV-Vis Detector 

(SPD-20A) set at wavelength 363 nm. Data was procured and processed using Shimadzu lab 

solutions. 

2.2.4 High resolution mass spectrometry (HR-MS) 

 
Mass spectra were measured in High resolution mass spectrometer (HR-MS) Agilent QTQF 

6520 with electron spray ionization (ESI) technique and was matched with the reported spectra 

for molecular mass. For the mass spectral analysis, 0.5 mg of the pure compound DHF was 

dissolved in 1 mL of acetonitrile (HPLC grade). The spectra of mass were recorded in positive 

ESI mode. 
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2.2.5 Nuclear magnetic resonance (NMR) 

 

Nuclear magnetic resonance (NMR) was achieved by dissolving 5mg of the purified compound 

in 600 μL of CDCl3 (deprotonated solvent) and then transferred to 5mm NMR tubes using 0.2 

μ syringe filter. The structure of the compound was characterized by (1H, 13 C) NMR (Bruker 

ASCEND 500) and matched with the previously reported NMR spectra. 

2.2.6 UV-Visible Absorption Spectra of DHF in various organic solvents 

 

UV-Vis Absorption studies of DHF in different organic solvents based on polarity which 

includes Hexane, Ethanol (EtOH), Methanol (MeOH), Ethyl acetate (EtOAc), Acetonitrile, 

Dimethyl sulfoxide (DMSO) and Water (H2O) were carried out in Perkin Elmer Lambda 25 

spectrophotometer, in the range of 250-500 nm. The organic solvents used for the experiments 

were HPLC grade. 

Molar extinction coefficient (ε) of DHF in ethanol was determined from slope of 

absorbance Vs. concentration of DHF (20 μM, 30 μM, 40 μM, 50 μM and 60 μM) plots. DHF 

dissolved in ethanol stock was used to carry out all the absorption and fluorescence-based 

study. 

2.2.7 Absorption of DHF in different pH 

 

UV-Vis Absorption spectra of DHF in different pH was investigated- pH 2 (glycine buffer), 

pH 3 (glycine buffer), pH 5 (Citrate buffer), pH 7 (phosphate buffer), pH 8 (phosphate buffer), 

pH 9 (carbonate buffer), pH 11 (carbonate buffer), pH 12 (0.01N NaOH) and pH 13 (0.1 N 

NaOH). DHF stock was prepared in ethanol and DHF (20 μM) was added to each pH and the 

absorption spectrum was recorded. The ethanol concentration in each sample was kept to be ≤ 

2% (v/v). 

2.2.8 Solubility of DHF in different pH 

 

The solubility of DHF in different pH (7-13) was tested by UV-Vis Absorption spectra, 100 

μM DHF was added in each pH. The samples were vortexed and centrifuged at 12000 rpm for 

2 minutes, the supernatant was collected and the remaining pellet were dissolved in 1mL of 

DMSO. The supernatant and pellet fractions absorption spectra were recorded. 

2.2.9 Time dependent stability of DHF in alkaline pH 
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The stability of DHF in alkaline pH were observed at different time interval i.e., 0 hr, 24 hrs, 

48 hrs, 72 hrs and 96 hrs respectively. DHF at concentration of 50 μM was dissolved in each 

pH (11, 12, 13) and the absorption spectra were recorded at different time interval at room 

temperature. 

2.2.10 Stability of DHF in surfactant micelles in different pH 

 

The stability of DHF at different time interval (0 hr, 24 hrs, 48 hrs, 72 hrs and 96 hrs) was 

monitored in different surfactant micelles SDS (20 mM), CTAB (5 mM) and Tween 20(0.5 

mM) in different pH (2-13) respectively. The surfactant micelles were prepared in different pH 

by vortexing followed by incubation for 15 minutes at room temperature. DHF at different 

concentrations (10 μM, 20 μM, 30 μM, 40 μM and 50 μM) were added to each surfactant 

micelles and vortexed for 10 minutes and incubated for 1 hour before measuring the absorption 

spectra of the samples at different time intervals. Absorption of DHF at wavelengths 270, 330 

and 365 nm was plotted against different concentration of DHF in surfactant for different pH. 

2.2.11 Reversibility assay of DHF from alkaline pH to neutral pH 

 

The reversibility assay of DHF incubated for 96 hrs in alkaline pH 13 followed by transfer to 

pH 7 was investigated by UV-Vis absorption spectra. DHF with concentration 100 μM was 

added to pH 13 and incubated for 96 hrs. After 96 hours 100 μL of the sample was added to 

pH 7 (50 mM phosphate buffer) and 20mM SDS in pH 7(50 mM phosphate buffer) in to make 

up to a final volume of 1 mL. The final concentration of DHF in each solution was 10 μM. 

2.2.12 Degradation analysis of DHF in alkaline pH by TLC 

 

The degradation of DHF in alkaline pH 13 was investigated by TLC, 20 μL of the sample was 

loaded in TLC plate. The mobile phase used was 50% hexane in ethyl acetate and 0.1 % 

triethylamine in ethylacetate and the bands were spotted under iodine fume. 

2.2.13 Degradation analysis of DHF in alkaline pH by HPLC 

 

The degradation of DHF in alkaline pH (9, 13) after 96 hrs of incubation at room temperature 

was investigated by HPLC. DHF with concentration 200 μM was added to each condition: pH 

13, pH 9, 20 mM SDS in pH 13, 20 mM SDS in pH 9, 5 mM CTAB pH 9, 5 mM CTAB in pH 

13, 0.5 mM Tween 20 in pH 9 and 0.5 mM Tween 20 in pH 13. The samples were incubated 

for 96 hours at room temperature. After 96 hours of incubation the samples were diluted to 50 
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μM each in dH2O and the pH was adjusted below pH 10 by adding 1 N HCl. The samples were 

filtered using 0.2 μ syringe filter. For control, sample of freshly prepared DHF at 50 μM 

dissolved in acetonitrile was used for analysis. RP- HPLC (Shimadzu) was used along with 

C18 (250x4.6 mm, 5 microns pore size) column for the analysis. A linear gradient of 0-30 % 

acetonitrile in water containing 0.1% TFA was applied for 20 minutes. It was followed by 2 

minutes isocratic elution with 30% acetonitrile. Hereafter, a linear gradient of 30-100% 

acetonitrile was applied for 10 minutes. Isocratic elution of 100% acetonitrile was applied for 

another next 10 minutes. Isocratic elution of 50% acetonitrile was used for another 22 minutes. 

The rate of elution was 0.7 mL/min. 

2.2.14 Investigation of fluorescence properties of DHF in organic solvents and alkaline 

pH 

 

The fluorescence spectra of DHF was measured in organic solvents ethanol, ethyl acetate and 

hexane. The excitation slit was kept at 2 nm and the emission slit was kept at 15 nm for all the 

samples for fluorescence measurement. DHF with concentration 2.4 μM with OD ≤ 0.04 was 

used for each solvent. The excitation wavelength was kept at 365 nm and the emission was 

collected in the range 470- 690 nm in Horiba FluoroMax Plus 4C spectrofluorometer. The 

fluorescence spectra of DHF was also measured in alkaline pH (9, 10, 11) against ethanol, at 

λex 365 nm and λex 406 nm. The emission was collected at 470- 690 nm, the concentration of 

DHF and the excitation and emission slits were kept similar as per above samples. 

2.2.15 Time dependent investigation of fluorescence properties of DHF in surfactant 

micelles in different pH 

 

The fluorescence of DHF was investigated in three differently charged surfactant micelles- 

SDS (20 mM), CTAB (5 mM) and Tween 20 (0.5 mM) at different pH. The micelles were 

prepared beyond the cmc in different pH and were mixed by vortexing properly and incubated 

at room temperature for 15 minutes. DHF with concentration 2.4 μM was added to each micelle 

in different pH and mixed by vortexing for 10 minutes. The samples were incubated for 1 hour 

at room temperature before analysis in spectrofluorometer at different time interval (0 hr, 24 

hrs, 48 hrs, 72 hrs and 96 hrs). 
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2.3 Results and Discussions 
 

2.3.1 TLC and HPLC analysis 

 

The compound extracted and isolated from the ethyl acetate extract of A. nigra leaves with the 

help of silica gel (mess size 60-120) column chromatography. The compound was assessed for 

its purity by TLC and RP-HPLC. In TLC the mobile phase used was 20% ethyl acetate in 

hexane (Fig. 2.1 a). Further the purity was confirmed by Reverse phase- HPLC. HPLC is used 

to detect the nature of analyzed sample (polar or non-polar) obtained from their retention time 

data and the UV detector ascertain the purity of the isolated compound by giving the 

characteristic pattern of the peak (Kumar, 2017). The compound was obtained at a retention 

time of 8.7 min at 263 nm detection. With the above-mentioned purification procedure, 95- 

99% purity was obtained (Fig. 2.1 b). 

 

 

 

 
Fig. 2.1: (a) TLC of DHF using 20% Ethyl acetate in hexane as solvent system; (b) HPLC 

chromatogram of DHF showing retention time at 8.75 minutes. 

2.3.2 High Resolution- Mass Spectrometry (HR-MS) 

 

HR-MS was performed to estimate the mass of the compound. The molecular ion in positive 

mode [M+H] + peak was obtained at m/z 315.0904 (Fig. 2.2). Therefore, the molecular mass 

of DHF is 314.0904 Da. 
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Fig. 2.2: HR-MS spectra of compound 
 

2.3.3 NMR 

 

The structure of the compound was elucidated by 1H (Fig. 2.3) and 13C NMR (Fig. 2.4). The 

1H NMR spectra of the isolated compound revealed four peaks at δ (ppm) = 6.49 (s, 1H, J = 

2.06 Hz, H-6), 6.50 (d, 1H, J = 2.06 Hz, H-8) and 6.38 (s,1H, 3-OH), 11.74 (s, 1H, 5-OH); Two 

doublets at δ = 7.03 (d, 2H, J = 8.94 Hz, H-3’, H-5’) and δ = 8.19(d, 2H, J = 8.94 Hz, H- 2’, H-

6’); Two singlets peaks at δ = 3.89 (s, 6H, 4’-OCH3, 7-OCH3). 

The 13C NMR spectrum revealed the presence of two peaks at δ (ppm) =55.85 (7- 

OCH3) and 55.43 (4’-OCH3) are linked to an oxygen atom in —OCH3 group. and other carbon 

peaks are δ175.20 (C-4), 165.73 (C-7), 161.17 (C-5),160.84 (C-4’), 156.86 (C-9), 145.72 (C-

2),135.67 (C-3), 129.40 (C-2’,6’), 123.22 (C-1’), 114.11 (C-3’,5’), 103.96 (C-10), 97.90(C-6), 

92.23 (C-8).The compound was found to be 3,5- dihydroxy- 7,4’- dimethoxy flavone (DHF) 

(Fig. 2.5). The compound was previously reported from a different species of the same family, 
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Zingiber phillipseae (Hsiang and Yusoff, 2012), The structural confirmation was further 

validated by matching the reported NMR spectra. 

 

 
Fig. 2.3: 1D NMR, 1H NMR spectra of 3,5-dihydroxy-7,4’-dimethoxyflavone. 1H NMR (400 

MHz,CDCl3 ) δ 11.74 (s, 1H, 5-OH), δ 8.19(d, 2H, J = 10 Hz, H-2’, H-6’), δ 7.03 (d, 2H, J = 7 Hz, H-

3’, H-5’), δ 6.50 ( 1H,J=3.0 Hz, H-8), δ 6.49(1H,d,J=2.5Hz, H-6), δ 6.38 (s,1H, 3-OH) and δ 3.89 (s, 

6H, 4’-OCH3, 7-OCH3). 

 

 
Fig. 2.4: 13C NMR Spectra of 3,5-dihydroxy-7,4’-dimethoxyflavone. 13C NMR (CDCl3) δ175.20 (C-

4), 165.73 (C-7), 161.17 (C-5),160.84 (C-4’), 156.86 (C-9), 145.72 (C-2),135.67 (C-3), 129.40 (C-

2’,6’), 123.22 (C-1’), 114.11 (C-3’,5’), 103.96 (C-10), 97.90(C-6), 92.23 (C-8), 55.85 (7-OCH3) and 

55.43 (4’-OCH3). 
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Fig. 3.5: Structure of 3,5-dihydroxy-7,4’- dimethoxyflavone (DHF). 

 
2.3.4 Spectroscopic properties of DHF in organic solvents and aqueous medium at 

different pH 

 

The absorption spectrum of DHF within the UV-Vis spectral range was investigated in various 

solvents, including hexane, ethyl acetate, ethanol, methanol, acetonitrile, dimethyl sulfoxide, 

and water (Fig. 2.6). Notably, in the aqueous medium, DHF exhibited a conspicuous absence 

of spectral bands, indicative of its pronounced insolubility in water. In contrast, within organic 

solvents, DHF consistently manifested a tripartite band pattern of resonance, exhibiting 

remarkable uniformity across the solvent spectrum. Band I, spanning the wavelength range of 

 

 

 
Fig. 2.6: Absorption spectra of 30 μM DHF in organic solvents. 

 

363-370 nm, can be attributed to the chromophoric B-ring, intricately conjugated with the C- 

ring (the cinnamoyl system). Band II, residing within the 263-270 nm region, is associated with 
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the molecular architecture of rings A and C, which in turn is connected to the benzoyl system. 

Meanwhile, Band III, positioned at 330 nm, corresponds to the absorption emanating from the 

hydroxycinnamoyl moiety. It is noteworthy that Bands I and II are conceivably ascribed to π- 

π* electronic transitions, elucidating the underlying molecular processes governing DHF's 

spectral behavior in these solvents. 

 

 
Fig. 2.7: Absorption spectra of DHF (20 μM, 30 μM, 40 μM and 50 μM) in ethanol 

 

The absorption spectra of DHF with concentrations 20 μM, 30 μM, 40 μM and 50 μM 

in Ethanol (Fig. 2.7) was observed and the molar extinction coefficient (Ꜫ) of DHF was 

determined in ethanol (Fig. 2.8), Ꜫ270 nm =19167 M-1cm-1, Ꜫ330 nm= 12220 M-1cm-1, Ꜫ365 nm= 

15123 M-1cm-1 (Table 2.1). The Ꜫ365 nm in ethanol was used to calculate the stock concentration 

for all the other experiments. 
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Fig 2.8: Molar extinction coefficient (Ꜫ) calculation of DHF in ethanol at wavelengths 270, 330 and 365 nm 
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Table 2.1: Molar extinction Coefficient of DHF in Ethanol at 270, 330, and 365 nm. 

 

Wavelength Molar Absorptivity 

(M-1 cm-1) 

270 nm 19167 

330 nm 12220 

365 nm 15123 

 

 

 

 

 
Fig. 2.9: Absorption spectra of 20 μM DHF in different pH (2-13) 

 

 
Fig. 2.10: (a) Absorption spectra of DHF in pH 7-13, after collecting the supernatant subsequent to centrifugation, 

(b) Absorption spectra of DHF in pH 7-13 of the remaining pellet after centrifugation, dissolved in DMSO. 
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The absorption spectra of DHF in different pH was investigated which suggested that 

DHF shows very less absorption in pH (2-10) (Fig. 2.9), DHF showed higher absorption in 

alkaline pH (11, 12 and 13) with a red shift in Band I (365 nm) to 406 nm (Fig 2.9). From the 

absorption spectra it can be observed that DHF is more soluble in higher alkaline pH. To further 

confirm the solubility, we investigated the absorption spectra of DHF in pH 7- pH 13 (Fig 2.10 

a) by collecting the supernatant after centrifugation of insoluble sample which showed the 

similar pattern as previously found. The absorption spectra of remaining pellet which was 

dissolved in DMSO depicted highest absorbance in pH 7 followed by pH 8, pH 9, pH 10 and 

very negligible absorbance in pH 11, pH 12 and pH 13 (Fig. 2.10 b). Thus, based on the 

absorption spectra it could be concluded that DHF is more soluble in higher alkaline pH 13 

followed by pH 12 and pH 11. 

2.3.5 Time dependent stability of DHF in Alkaline pH 

 

The absorption spectra of DHF in alkaline pH (11, 12, 13) was investigated after incubation at 

room temperature for different time interval 0, 24, 48, 72 and 96 hrs which revealed that the 

 

 
Fig. 2.11: Absorption spectra of 50 μM DHF in different time interval (0, 24, 48, 72 and 96 hrs) at alkaline pH 

(a) pH 11, (b) pH 12 and (c) pH 13. 

Increasing 
time 

Increasing 
time 

Increasing 
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band I (365 nm) which is red shifted to 406 nm decreased and vanished in alkaline pH after 96 

hours and the reaction was catalysed faster in pH 13 (Fig. 2.11 a) followed by pH 12 (Fig. 2.11 

b) and pH 11 (Fig. 2.11 c). 

The absorption spectra in alkaline pH at different time interval of incubation suggests 

that DHF is not stable at higher alkaline pH. DHF undergoes colour change from bright yellow 

(Fig. 2.12 a) to almost colourless after 96 hrs of incubation at pH 13 (Fig. 2.12 b). 

 

 
Fig. 2.12: (a) DHF in pH 13 at 0 hr , (b) DHF in pH 13 at 96 hrs. 

 

When phenolic compounds are dissolved in a NaOH solution, their absorption spectra red shift 

between 200 and 360 nm, according to research (Dearden and Forbes, 1959). The absorption 

spectra and extinction coefficients of these phenols are observed to be influenced by a variety 

of factors, including solvent properties, the presence of electron-donating substituents on the 

benzene rings, intra- and intermolecular hydrogen bonding, steric influences, and the formation 

of pH-dependent resonance forms with modified conjugation compared to the original 

compounds (Dearden and Forbes, 1959). 

2.3.6 Stability of DHF in different charged surfactant micelles 

 

The limited water solubility of DHF arises from its inherent hydrophobic character. Beyond 

solubility, a crucial aspect of comprehending DHF's behavior pertains to its stability within 

diverse pH environments. Such insights hold the key to enhancing its advantageous attributes 

and safeguarding it against degradation.Through the examination of DHF's spectral 

characteristics when encapsulated within distinct micellar systems at varying pH levels, we 

gain valuable insights into the microenvironment that DHF molecules encounter within these 

intricately structured surfactant micelles. This investigation serves as an illuminating window 

into DHF's behavior, shedding light on its intricate interactions within these specialized 

environments. 

The absorption spectra of DHF (10 μM, 20 μM, 30 μM, 40 μM and 50 μM) was 

investigated in three different charged surfactant micelles – 20 mM SDS, 5 mM CTAB and 0.5 
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mM T20 in different pH for different time intervals (0 hr, 24 hrs, 48 hrs, 72 hrs and 96 hrs). 

DHF exhibited enhanced absorbance at pH 2 in all the different surfactant micelles compared 

to pure aqueous medium and it was stable upto 96 hrs of incubation (Fig. 2.13) and similar 

trend was observed for pH 3 (Fig. 2.14) and for pH 5 (Fig. 2.15). DHF exhibits three main 

absorption bands, Band I (363-370 nm), Band II (263-270 nm) is and Band III (330 nm). SDS 

micelles, CTAB micelles and T20 micelles do not exert any changes in these bands in pH 2, 

pH 3 and pH 5. DHF consists 

 

Fig. 2.13: Absorption spectra of DHF in pH 2 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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of aromatic rings and it is poorly soluble in aqueous media. However, DHF shows enhanced 

absorption in all the surfactant micelles in pH 2, pH 3 and pH 5 which suggests the possibility 

of DHF to be extracted into the micelles through hydrophobic interaction. 

 

Fig. 2.14: Absorption spectra of DHF in pH 3 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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Fig. 2.15: Absorption spectra of DHF in pH 5 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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At pH 7, DHF exhibited similar trend as above-mentioned pH conditions in SDS and T20 

surfactant micelles (Fig. 2.16) but an additional shoulder peak at around 424 nm was observed 

in presence of CTAB micelles in pH 7 (Fig. 2.16 b, e, h, k, n). The overlap of DHF absorption 

 

 
Fig. 2.16: Absorption spectra of DHF in pH 7 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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spectra between SDS and CTAB is shown in (Fig. 2.17 a) which clearly indicates the presence 

of 424 nm shoulder peak in CTAB micelles at pH 7. The molar extinction coefficient (ε) of 

DHF at 424 nm in presence of SDS and CTAB micelles (Fig. 2.17 b) is shown which showed 

increased Ꜫ in CTAB micelles compared to SDS micelles. 

 

 
Fig. 2.17: (a) Absorption spectra of DHF at pH 7 in SDS and CTAB at different time intervals ((0, 24, 48, 72 and 

96 hrs) (b) Molar extinction coefficient of DHF in 424 nm at pH7 in SDS and CTAB at different time intervals 

(0, 24, 48, 72 and 96 hrs). 

DHF at pH9 in SDS and T20 micelles (Fig. 2.18) showed enhanced solubility and 

stability compared to aqueous medium but in CTAB micelles the absorption spectra at 365 nm 

is red shifted to 425 nm (Fig. 2.18 b) and the intensity of the peak gradually decreases with 

increasing incubation time period (Fig. 2.18 b, e, h, k, n). The red shift observed in CTAB 

micelles at pH 9 could be due to large density of positive charges in CTAB micelles creating 

more alkaline behaviour. Similar phenomenon has been observed in flavonoid mammeigin 

(MMG) at pH 9, which exist as a deprotonated anionic form in CTAB micelles due to large 

density of positive charges and can interact with the positively charged CTAB head group at 

surface of CTAB micelle via electrostatic attraction (Senthilkumar et al., 2023). 

The absorption spectra of DHF at pH 11 in all the different surfactant micelles showed 

enhanced absorbance (Fig. 2.19). In SDS micelles, at pH 11 the 365 nm peak was red shifted 

to 406 nm peak (Fig. 2.19 a) and the intensity of peak decreased with respect to time (Fig. 2.20 

a, d, g, j, m). Also, in presence of CTAB micelles at pH 11, the 365 nm peak was red shifted 

to 425 nm peak (Fig. 2.19 b) and the intensity of the peak decreased with respect to increasing 

incubation time (Fig. 2.19 b, e, h, k, n). The absorption spectra of DHF at pH 11 in T20 showed 

that the 356 nm peak was red shifted to 406 nm peak (Fig. 2.19 c) and the red shifted peak was 

stable upto 96 hrs of incubation (Fig. 2.19 c, f, i, l, o). It has been reported that flavonoid 
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quercitin undergoes ionization of the OH group at C3 (C-ring) position which resulted in the 

red shift of the aborption maximum at pH between 9.0 and 11.0 (Jurasekova et al., 2014). 

 

Fig. 2.18: Absorption spectra of DHF in pH 9 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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Fig. 2.19: Absorption spectra of DHF in pH 11 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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At pH 13, the absorption spectra of DHF in SDS showed red shift of the peak 365 nm to 406 

nm (Fig. 2.20) and the peak disappears completely with increasing incubation time upto 96 hrs 

(Fig. 2.20 a, d, g, j, m), similarly in CTAB micelles the 365 nm peak is red shifted to 425 nm 

 

 
Fig. 2.20:Absorption spectra of DHF in pH 13 in (a) SDS at 0 hr, (b) CTAB at 0 hr, (c)T20 at 0 hr, (d) SDS at 24 

hrs, (e) CTAB at 24 hrs, (f) T20 at 24 hrs, (g) SDS at 48 hrs, (h) CTAB at 48 hrs, (i) T20 at 48 hrs, (j) SDS at 72 

hrs, (k) CTAB at 72 hrs, (l) T20 at 72 hrs, (m) SDS at 96 hrs, (n) CTAB at 96 hrs, (o) T20 at 96 hrs. 
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(Fig. 2.20 b) and the peak disappears (Fig. 2.20 e, h, k, n) and in T20 micelles also it was 

observed that 365 nm peak was redshifted and disappears after 96 hours (Fig. 2.20 o). In 

Quercitin, it has been observed that at pH 13 it undergoes autoxidation affecting mainly the C- 

ring and resulting in fragmentation, dimerization and polymerization which makes it instable 

at higher alkaline pH (Jurasekova et al., 2014). Therefore, it could be concluded that the 

solubility of DHF was enhanced in all the three surfactant micelles at pH 7 and pH 9. DHF was 

not stable in higher alkaline pH even in the presence of micelles. 

The comparative plot of 50 μM DHF in alkaline pH (9, 11, 13) at different time interval 

(0-96 hrs) in different surfactant micelles were plotted (Fig. 2.21) which shows that DHF is 

more stable at pH 9 in SDS micelles (Fig. 2.21 a) compared to DHF in CTAB (Fig. 2.21 b) 

and T20 (Fig. 2.21 c) micelles. DHF at pH 11 in SDS micelles (Fig. 2.21 d) shows instablity. 

 

 
Fig. 2.21: Absorption spectra of 50 μM DHF at different time interval (0, 24, 48, 72 and 96 hrs) in (a) pH9 in 

SDS, (b) pH9 in CTAB, (c) pH9 in T20, (d) pH 11 in SDS, (e) pH 11 in CTAB, (f) pH 11 in T20, (g) pH 13 in 

SDS, (h) pH 13 in CTAB, (i) pH 13 in T20. 
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DHF in CTAB micelles (Fig. 2.21 e) showing highest level of transition and instability. 

DHF shows red shift of absorption maximum in T20 micelles (Fig. 2.21 f) and exhibits higher 

stability. At pH 13, DHF shows instability in all the sufactant micelles with CTAB micelles 

(Fig. 2.21 h) showing the faster kinetics compared to SDS (Fig. 2.21 g) and T20 (Fig. 2.21 i) 

micelles. 

The molar extinction coefficient (Ꜫ) of DHF in presence of different surfactant micelles 

as a function of pH was calculated in different wavelengths. At 270 nm the Ꜫ of DHF in pH 2 

 

Fig. 2.22: Molar extinction coefficient (ε) of DHF at 270 nm at different time interval (0, 24, 48, 72 and 96 hrs) 

in SDS, CTAB and T20 in (a) pH 2, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11, (g) pH 13. 
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in SDS depicted decrease in value with increasing incubation time. DHF at pH 2 in CTAB 

micelles showed stable and highest Ꜫ value compared to SDS and T20 micelles, DHF in pH 2 

in T20 depicted lesser Ꜫ value compared to SDS and CTAB micelles (Fig. 2.22 a). Similar 

trend was observed in pH 3 at 270 nm (Fig. 2.22 b) and at pH 5 SDS showed highest Ꜫ value 

followed by CTAB and T20 at 270 nm (Fig. 2.22 c). At pH 7, the Ꜫ value of DHF was highest 

in CTAB micelles followed by SDS and T20 (Fig. 2.22 d) at 270 nm. At pH 9, DHF showed 

highest Ꜫ value in CTAB micelles which gradually decreases with increasing incubation time 

followed by SDS with better stability compared to CTAB micelles. In T20 it showed the least 

Ꜫ value which gradually decreases with increasing incubation time (Fig. 2.22 e). The Ꜫ value 

of DHF in pH 11 revealed that in SDS micelles it decreases with increase in incubation time. 

Similary it decreases in CTAB micelles at a faster rate. In T20 micelles the Ꜫ value is quite 

stable at 270 nm (Fig. 2.22 f). The Ꜫ value of DHF in pH 13 at 270 nm decreases gradually in all 

the surfactant micelles with increase in incubation time (Fig. 2.22 g). 

The molar extinction coefficient of DHF at 330 nm in pH 2 revealed that in SDS 

micelles the Ꜫ value decreases with time but in CTAB and T20 micelles it remains stable with 

time (Fig. 2.23 a). In pH 3 at 330 nm, it is observed that the Ꜫ value in SDS decreases with 

time, in CTAB micelles it remains stable, while the decrease in intensity was lesser in T20 

micelles compared to SDS and CTAB (Fig. 2.23 b). Similar trend was observed in pH 5 for all 

the surfactant micelles (Fig. 2.23 c). In pH 7 at 330 nm, Ꜫ value in SDS almost remained stable, 

CTAB showed the least Ꜫ value and T20 showed highest Ꜫ value (Fig. 2.23 d). In pH 9 at 330 

nm, the Ꜫ value in SDS micelles were stable; CTAB showed the least values and in T20 the Ꜫ 

value decreased gradually with time (Fig. 2.23 e). Ꜫ value in SDS micelles in pH 11 decreased 

gradually with time, while CTAB depicted similar trend. In T20 micelles Ꜫ value displayed a 

rising trend was (Fig. 2.23 f). In pH 13 at 330 nm, the Ꜫ value in all the surfactant micelles 

decreased gradually with increased incubation time (Fig. 2.23 g). 

At 365 nm, the molar extinction coefficient of DHF in pH 2 revealed that CTAB has 

the highest stable Ꜫ value followed by SDS micelles displaying gradual decrease in Ꜫ value 

with respect to time and finally T20 showing the least Ꜫ value and gradual decrease with respect 

to time (Fig. 2.24 a). In pH 3 at 365 nm it was observed that the Ꜫ value of DHF in CTAB was 

highest followed by SDS and T20 where it decreased with increase in incubation time (Fig. 

2.24 b). In pH 5 (Fig. 2.24 c) and pH 7 (Fig. 2.24 d) at 365 nm, DHF showed similar trend in 

the Ꜫ value where SDS showed the highest, followed by CTAB and T20. In pH 9 at 365 nm, 
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the Ꜫ value in SDS was highest and stable with respect to time, CTAB showing the least Ꜫ value 

and T20 

 

 
Fig. 2.23: Molar extinction coefficient (ε) of DHF at 330 nm at different time interval (0, 24, 48, 72 and 96 hrs) 

in SDS, CTAB and T20 in (a) pH 2, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11, (g) pH 13 
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showing higher Ꜫ value than CTAB with gradual decrease with respect to time (Fig. 2.24 e). In 

pH 11 at 365 nm, the Ꜫ value in T20 micelles showed better stability compared to SDS and 

CTAB, while CTAB along with SDS depicted the least Ꜫ value (Fig. 2.24 f). In pH 13 at 365 

nm, the Ꜫ value of DHF decreased gradually with respect to increase in incubation time in all 

the different surfactant micelles (Fig. 2.24 g). 

 

Fig. 2.24: Molar extinction coefficient (ε) of DHF at 365 nm at different time intervals (0, 24, 48, 72 and 96 hrs) 

in SDS, CTAB and T20 in (a) pH 2, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11, (g) pH 13. 
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The molar extinction coefficient of DHF calculated at 406 nm revealed that in pH 2 T20 showed 

the highest and stable Ꜫ value followed by SDS and CTAB. The Ꜫ value in SDS was least stable 

(Fig. 2.25 a). In pH 3 (Fig. 2.25 b) and pH 5 (Fig. 2.25 c) it was revealed that T20 showed the 

highest Ꜫ value followed by SDS and CTAB. In pH 7 at 406 nm, T20 showed the highest Ꜫ 

value followed by CTAB and SDS (Fig. 2.25 d). In pH 9 at 406 nm, CTAB exhibited highest 

 

Fig. 2.25: Molar extinction coefficient (ε) of DHF at 406 nm at different time interval (0, 24, 48, 72 and 96 hrs) 

in SDS, CTAB and T20 in (a) pH 2, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11, (g) pH 13. 
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Ꜫ value followed by T20 and SDS with gradual decrease in Ꜫ with respect to time in CTAB and 

T20 surfactant micelles (Fig. 2.25 e). In pH 11 at 406 nm, the Ꜫ value of DHF in T20 micelles 

is highest and stable followed SDS and CTAB displaying a gradual decrease in Ꜫ with respect 

to time (Fig. 2.25 f). In pH 13 at 406 nm, the Ꜫ value of DHF gradually decreases in all the 

surfactant micelles with respect to time (Fig. 2.25 f). 

The molar extinction coefficient of DHF calculated at 450 nm revealed that at pH 2 

(Fig. 2.26 a), pH 3 (Fig. 2.26 b) and pH 5 (Fig. 2.26 c) showed similar trend where Ꜫ value in 

T20 micelle 

 

 
Fig. 2.26: Molar extinction coefficient (ε) of DHF at 450 nm at different time interval (0, 24, 48, 72 and 96 hrs) 

in SDS, CTAB and T20 in (a) pH 2, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11, (g) pH 13. 
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is highest and stable followed by SDS and CTAB micelles. In pH 7 at 450 nm, the Ꜫ value of 

DHF is highest in T20 micelle followed by CTAB and SDS (Fig. 2.26 d). In pH 9 at 450 nm, 

the Ꜫ value in CTAB micelle was highest with gradual decrease in Ꜫ with respect to time follwed 

by T20 and SDS (Fig. 2.26 e). In pH 11 at 450 nm, CTAB showed the highest Ꜫ value with 

gradual decrease in Ꜫ with respect to time followed by T20 micelle showing better stability and 

SDS showing least Ꜫ value with gradual decrease in Ꜫ with respect to time (Fig. 2.26 f). In pH 

13 at 450 nm, the Ꜫ value of DHF gradually diminishes to zero in all the surfactant micelles with 

respect to time (Fig. 2.26 g). 

2.3.7 Reversibility assay of DHF in Alkaline pH 

 

The reversibility assay of DHF incubated in pH 13 for 96 hours followed by transfer to pH 7 

in 50mM phosphate buffer (pH 7) and 20 mM SDS in 50mM phosphate buffer (pH 7) by UV 

absorption spectra revealed that DHF undergoes irreversible changes in higher alkaline pH (pH 

13). The native absorption spectrum of DHF showing λmax at 365nm undergoes a red shift in 

alkaline pH 13 to 406 nm. This peak completely disappears after 96 hours even after bringing 

back to neutral pH 7, while a peak around 295 nm (Fig. 2.27) is observed. This suggests that 

DHF might have undergone degradation or permanent structural changes during prolonged 

exposure to alkaline pH. 

 

 
Fig. 2.27: Absorption spectra of DHF control in pH 7 and pH 7 (20mM SDS) and DHF incubated for 96 hours 

in pH 13 and neutralizing in pH 7 alone and pH 7(20mM SDS). 
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2.3.8 Degradation analysis of DHF in pH 13 by TLC and HPLC 
 

 

 

 
Fig. 2.28: TLC image of DHF incubated in pH 13 at different time interval (a) 0 hr, mobile phase(50% ethylacetate 

in hexane), (b) 0 hr, mobile phase(Pure ethylacetate), (c) 24 hr , mobile phase(50% ethylacetate in hexane), (d) 24 

hr , mobile phase(Pure ethylacetate), (e) 48 hr, mobile phase(50% ethylacetate in hexane), (f)48hr, mobile 

phase(Pure ethylacetate), (g) 96 hr, mobile phase(50% ethylacetate in hexane), (h) 96 hr, mobile 

phase(0.1%triethylamine in ethylacetate). 

The TLC analysis of DHF conducted under alkaline conditions with a pH of 13 (Fig. 

2.28), has revealed a notable phenomenon. Unlike the native, undisturbed DHF, which exhibits 

a solitary peak when analyzed on the TLC plate, DHF subjected to incubation in the strongly 

alkaline pH 13 environment (Fig. 2.28a and b) exhibits multiple peaks even at the initial time 

point (0 hours). This observation strongly suggests the occurrence of degradation processes. 

Upon further examination, it becomes evident that, after 24 hours of incubation, both the 

pristine, untouched DHF and the DHF exposed to pH 13 (Fig. 2.28c and d) no longer exhibit 
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a distinct single band but instead show a smeared appearance on the TLC plate. This smeared 

pattern persists even when DHF is incubated for 48 hours (Fig. 2.28e and f) and for an extended 

duration of 96 hours (Fig. 2.28g and h) within the alkaline pH 13 environment. These findings 

suggest that DHF undergoes a fragmentation process when exposed to the strongly alkaline pH 

13 conditions, leading to the formation of multiple peaks on the TLC plate over time. Moreover, 

the progressive transformation of the TLC profiles from distinct bands to smeared patterns 

underscores the dynamic nature of this degradation process. 

The HPLC chromatogram revealed valuable insights into the behavior of DHF under 

various experimental conditions. In its native state, DHF exhibits a single peak when subjected 

to detection at wavelengths of 365 nm and 295 nm, with a retention time of approximately 39.9 

minutes (Fig. 2.29 and Fig. 2.30). However, when DHF is subjected to a 96-hour incubation 

in a pH 9 environment (Fig. 2.31), the resulting chromatogram reveals a reduced number of 

peaks. Notably, a major peak emerges with a retention time of around 43 minutes, accompanied 

by a minor peak at approximately 39.27 minutes. In stark contrast, DHF incubated under highly 

alkaline pH 13 conditions for the same duration (Fig. 2.32) exhibits a considerably more 

complex profile, characterized by multiple peaks. Among these, two major peaks are discerned, 

with retention times of 42.9 minutes and 6.9 minutes, in addition to several minor peaks. This 

discrepancy strongly suggests that DHF degradation occurs more rapidly in the highly alkaline 

pH 13 environment compared to pH 9. 

 

 
Fig. 2.29: HPLC peak of control DHF at 365 nm. 
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Fig. 2.30: HPLC peak of control DHF at 295 nm. 

 

 
Fig. 2.31: HPLC analysis of DHF incubated in pH9 for 96 hours. 

 

 

Fig 2.32: HPLC analysis of DHF incubated in pH13 for 96 hours. 

 

 
Fig. 2.33: HPLC analysis of DHF incubated in pH 9 SDS for 96 hours. 
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Similar observations were made when DHF was exposed to surfactants. In the presence 

of 20 mM SDS at both pH 9 and pH 13, distinct chromatographic profiles were obtained. Under 

pH 9 conditions (Fig. 2.33), the chromatogram exhibited only two major peaks with retention 

times of 39.6 minutes and 43 minutes. Conversely, at pH 13 (Fig. 2.34), the chromatogram 

displayed multiple peaks, including four major ones with retention times at 21.2 minutes, 21.7 

minutes, 33 minutes, and 39.5 minutes, alongside numerous minor peaks. This outcome 

indicates that DHF degradation is accelerated in the presence of SDS and an alkaline 

environment. 

 

 
Fig. 2.34: HPLC analysis of DHF incubated in pH 13 SDS for 96 hours. 

 

 
Fig. 2.35: HPLC analysis of DHF incubated in pH 9 CTAB for 96 hours. 
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Fig. 2.36: HPLC analysis of DHF incubated in pH 13 CTAB for 96 hours 

 

 

Fig. 2.37: HPLC analysis of DHF incubated in pH 9 Tween20 for 96 hours. 

 

 

Fig. 2.38: HPLC analysis of DHF incubated in pH 13 Tween20 for 96 hours. 

 

A similar trend was observed when DHF was exposed to 5 mM CTAB. In pH 9 (Fig. 

2.35) and pH 13 (Fig. 2.36), both conditions resulted in multiple peaks, albeit with slightly 

different retention times. Notably, the degradation rate in pH 9 with CTAB was found to be 
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higher than that observed with SDS and pH 9 alone, possibly attributed to the cationic charges 

of CTAB contributing to a more alkaline environment. Finally, when DHF was exposed to 0.5 

mM Tween 20, pH 9 (Fig. 2.37) and pH 13 (Fig. 2.38), the chromatograms displayed distinct 

peaks. Although both conditions yielded multiple peaks, the number of peaks was 

comparatively lower than those observed with SDS and CTAB. Therefore, it could be 

concluded that DHF undergoes degradation in CTAB at pH 9 at a faster rate compared to other 

surfactant and pH alone which is possibly due to its cationic charges imparting more alkaline 

nature to the surroundings. 

2.3.9 : Fluorescence study of DHF in organic solvents and alkaline pH 

 

The fluorescence measurement of DHF in different organic solvent was carried out, which 

revealed weak fluorescence intensity of DHF in organic solvents excited at 365 nm (Fig. 2.39). 

DHF was also excited at 365 nm in alkaline pH (9, 10, 11) which gave weak fluorescence 

intensity (Fig. 2.40 a). Further it was also excited at 406 nm which revealed a slightly higher 

increase in fluorescence intensity at pH 11 followed by pH 10 and pH 9 in comparison to 

excitation at 365 nm (Fig. 2.40 b). 

 

 
Fig. 2.39: Fluorescence spectra of DHF in organic solvents 
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Fig. 2.40: (a) Fluorescence spectra of DHF in alkaline pH and ethanol excited at 365 nm (b) Fluorescence spectra 

of DHF in alkaline pH and ethanol excited at 406 nm 

2.3.10 Time dependent fluorescence study of DHF in different surfactant micelles as a 

function of pH 

 
The fluorescence spectra of DHF in three different surfactant micelles SDS, CTAB and Tween 

20 was investigated, which revealed that DHF showed increased fluorescence intensity in all 

the three surfactant micelles at all different pH compared to organic solvents and alkaline pH 

alone when excited at 365 nm. The hydrophobic chains inherent to surfactant molecules possess 

the capacity to engage in interactions with both flavonoid compounds and water molecules, 

facilitated by the formation of hydrogen bonds (Kumar and Pandey, 2013). Notably, these 

flavonoid-surfactant interactions involve two distinct types of forces: long-range electrostatic 

forces and short-range hydrophobic forces. Long-range forces entail the binding of oppositely 

charged species, resulting in ion pair formation, while short-range forces encompass the 

binding and penetration processes (Shah et al., 2021). DHF showed higher fluorescence 

intensity in pH 2 and pH 3 in presence of CTAB micelles compared to SDS and Tween 20 (Fig. 

2.41 and 2.42). 
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Fig. 2.41: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH2 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 

 

This observation implies a robust interaction between DHF and CTAB micelles at acidic pH 

levels, overshadowing the interactions observed with SDS and Tween 20 micelles under similar 

conditions. Further scrutiny of the fluorescence peaks within SDS micelles revealed a 

characteristic emission at 530 nm, while within CTAB micelles at pH 2 and pH 3, this peak 
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Fig. 2.42: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH3 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 

exhibited a discernible shift to 549 nm. This spectral alteration underscores the distinctive 

behaviour of DHF within CTAB micelles under acidic conditions. Such an alteration was not 

evident in the case of SDS micelles and Tween 20 micelles. This phenomenon is reminiscent 

of similar findings concerning quercetin, where the emission peak position in SDS micelles 

remained unaltered. Consequently, the principal driving force behind quercetin's solubilization 

within SDS micelles is ascribed primarily to hydrophobic forces. In stark contrast, within 

CTAB micelles, the fluorescence spectra of quercetin exhibited a notable shift to approximately 

550 nm, coupled with an escalated fluorescence intensity, when compared to its behaviour 

within SDS micelles. This implies that quercetin forms a more robust interaction with CTAB 

micelles as opposed to SDS micelles. The interaction of quercetin with CTAB micelles has 

been attributed to a combination of electrostatic and hydrophobic interactions, signifying a 
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more intricate interplay of forces governing solubilization within this particular micellar 

environment (Liu and Guo, 2006). 

 

 
Fig. 2.43: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH5 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 

 

In pH 5 DHF showed more fluorescence intensity in SDS compared to CTAB micelles except 

at 0 hr, whereas in Tween 20 it was comparatively less (Fig. 2.43). In pH 7 DHF showed more 

fluorescence in CTAB micelles compared to SDS. DHF in Tween 20 showed the lowest 

intensity. Fluorescence intensity decreased with time at pH 5. In pH 7, emission peaks of DHF 

in CTAB micelles red shifted to 578 nm compared to SDS at 545 nm (Fig. 2.44). The red shift 

could be possibly due to the tautomer of DHF formed due to the phenomenon of excited-state 

intramolecular proton transfer (ESIPT) reaction as DHF is already reported to exhibit ESIPT 

(Portugal et al., 2006). Similar result has been observed for flavonoid fisetin, which exhibited 
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red shift in CTAB micelles due to ESIPT (Liu and Wu, 2015). The fluorescence intensity 

remained neatly constant at pH 7 in all the surfactant micelles (Fig. 2.44). 

 

 
Fig. 2.44: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH7 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 

DHF showed higher fluoresence in CTAB micelles at pH 9 when excited at 365 nm compared 

to SDS and tween 20 micelles (Fig. 2.45). DHF showed highest fluorescence intenstiy at pH 9 

in CTAB micelles when excited at 425 nm (Fig. 2.46 and 2.47). 
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Fig. 2.45: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH9 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 

 

 

 
8.00E+06 

6.00E+06 

4.00E+06 

2.00E+06 

0.00E+00 

pH 9 CTAB_DHF 425nm ex 
 

470 520 570 620 670 

Wavelength (nm) 
 

pH9 CTAB 0_hr pH 9 CTAB 24_hr pH 9 CTAB 48_hr 

pH 9 CTAB 72_hr pH 9 CTAB 96_hr 

 

Fig. 2.46: Fluorescence spectra of DHF in different 0.5 mM CTAB in pH 9 excited at 425 nm 
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Fig. 2.47: Integrated Fluorescence intensity of DHF in 0.5 mM CTAB in pH 9 excited at 425 nm. 

 

 
DHF also showed higher fluorescence intensity in CTAB micelles in pH 11 (Fig. 2.48) and pH 

13 (Fig. 2.49) compared to SDS and Tween 20 on excitation at 365 nm. The fluorescence 

spectra in pH 9, 11 and 13 were not stable, as the intensity decreased with respect to time in all 

 

Fig. 2.48: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH11 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 
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the three surfactant micelles. Also, in pH 13, the fluorescence intensity of DHF disappears after 

24 hours of incubation in all the surfactant micelles which is due to degradation of compound 

DHF.Therefore, it could be concluded that DHF gives better fluorescence intensity in sufactant 

micelles. DHF gives highest fluorescence intensity in CTAB micelles in pH 2, 3 and 7 

compared to SDS and Tween 20. 

 

Fig. 2.49: Fluorescence spectra of DHF in SDS, CTAB and T20 micelles at pH13 excited at 365 nm in (a) 0 hr, 

(b) 24 hrs, (c) 48 hrs, (d) 72 hrs, (e) 96 hrs. 
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2.4 Conclusions 
 

The absorption spectra of DHF revealed that DHF shows poor solubility in water, while it 

exhibited improved solubility in higher alkaline pH. However, in alkaline pH (pH 13), DHF 

displayed instability and undergoes degradation with time which was confirmed by HPLC and 

TLC. Interestingly, DHF exhibited increased solubility when introduced into three different 

surfactant micelles: SDS, CTAB, and Tween 20, across varying pH levels in an aqueous 

environment. Moreover, DHF showcased enhanced fluorescence intensity within all three 

surfactant micelles in comparison to both organic solvents and aqueous media. Notably, CTAB 

micelles influenced DHF degradation, as evidenced by shifts in absorption spectra and HPLC 

analysis. Particularly, CTAB micelles exhibited superior fluorescence intensity for DHF at pH 

2, 3, and 7, surpassing the fluorescence levels observed in SDS and Tween 20 micelles. This 

series of observations highlights the intricate interplay between DHF, its solubility, and 

fluorescence properties in the presence of different surfactant micelles and pH conditions. 

TH-3364_166106029



82 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3 

Studying the interaction of DHF with 

HEWL aggregates at varying pH 

conditions 
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3.1  Introduction 

 
Proteins achieve their full functional capacity by adopting precise three-dimensional 

conformations in their native state. Throughout the process of protein folding, ribosomal 

synthesis gives rise to proteins that traverse structural intermediates prior to attaining their 

native conformation. Occasionally, these intermediates may undergo misfolding, leading to 

configurations that deviate from the native state. The energy barrier between the native and 

non-native configurations is minimal, rendering native protein unfolding possible under 

circumstances of environmental stress. During protein folding, hydrophobic residues that are 

typically buried in the interior of the native conformation become exposed within misfolded 

intermediates. The exposure of these hydrophobic regions serves as a catalyst for protein 

aggregation (Tyedmers et al., 2010). The resultant aggregates exhibit variability in solubility, 

manifesting as either soluble or insoluble forms, with the insoluble aggregates adopting either 

an amorphous or fibrillar morphology contingent upon the protein milieu. Aggregation 

processes encompass both reversible and irreversible outcomes, the former predominantly 

arising from the self-assembly of protein entities, potentially instigated by alterations in the 

protein solution's pH or ionic strength (Mahler et al., 2009). The misfolding of proteins, leading 

to the formation of intracellular or extracellular aggregates, followed by their deposition in 

afflicted tissues, can result in severe degenerative conditions encompassing a group of 

disorders termed amyloidosis. The successful identification of therapeutic drugs aimed at 

impeding the fibrillogenesis of amyloidogenic proteins holds significant importance for the 

treatment of diverse diseases. Consequently, the identification and development of efficacious 

small molecule inhibitors represent a promising domain of scientific investigation. Notably, 

naturally occurring polyphenols have emerged as particularly potent agents displaying 

effective anti-amyloidogenic activity (He et al., 2014). 

Hen egg white lysozyme (HEWL) serves as paradigmatic model protein to investigate 

protein aggregation and to study its inhibition by small molecules. HEWL has been reported to 

show aggregation under different conditions, including acidic and alkaline pH environments, 

absence of disulfide bonds, presence of ethanol, and exposure to guanidine hydrochloride (Ravi 

et al., 2014). Several natural polyphenols, such as (−)-epicatechin gallate (Ghosh et al., 2013), 

myricetin (He et al., 2014), curcumin, and kaempferol (Borana et al., 2014), have been reported 

to exhibit inhibitory effects on the aggregation of HEWL. 
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Our research group recently conducted a comprehensive investigation into the intrinsic 

UV/Visible absorbance properties of a highly charged protein known as α3C, which notably 

lacks any aromatic amino acids in its structure (Prasad et al., 2017). Subsequently, meticulous 

time-dependent density functional theory (TDDFT) calculations on the three-dimensional 

conformation of α3C were carried out. These calculations shed light on the presence of specific 

Lysine-Glutamate interactions within the protein. Intriguingly, the findings indicated that the 

intrinsic absorption phenomenon in α3C is primarily driven by charge transfer processes 

occurring within the charged residues. This phenomenon has been coined as "Protein Charge 

Transfer Spectra (ProCharTS)." 

In the present chapter, we have investigated the effect of DHF on HEWL aggregates at 

pH 2, pH 5 and pH 12.2. Here, ProCharTS absorption was employed to analyze the impact of 

DHF on aggregates of HEWL. Previous research has already utilized ProCharTS absorption to 

probe HEWL aggregation, revealing a consistent elevation in ProCharTS absorption within 

HEWL aggregates as compared to the monomeric HEWL (Ansari et al., 2018). Additionally, 

the study revealed a reduction in ProCharTS absorption upon the inhibition of HEWL 

aggregates through treatment with iodoacetamide, a compound known for its capacity to hinder 

reactive thiol groups. Additionally, the observation of intrinsic fluorescence or intrinsic deep- 

blue/blue luminescence emanating from monomeric proteins (Guptasarma, 2008), oligomeric 

proteins (Bhattacharya et al., 2017), protein crystals (Shukla et al., 2004), and amyloid 

aggregates (Chan et al., 2013) has provided encouraging insights into this domain. ProCharTS 

has been utilized as an innovative label-free technique for the detection of both initial 

oligomerization events and subsequent fibril assembly during the protein aggregation process 

(Ansari et al., 2018). It leverages information concerning the proximal interactions between 

particular charged groups of Lysine and Glutamate residues in protein aggregates. 

Furthermore, it is worth noting that light scattering phenomena originating from fibrillar 

structures will not interfere with our ProCharTS investigations. This is because we specifically 

work with soluble oligomeric aggregates and place our primary focus on the initial stages of 

aggregation kinetics. Generally, light scattering arises from higher-order, insoluble fibrillar 

aggregates and mature fibrils. Consequently, the potential for interference with ProCharTS is 

exceedingly minimal. Even if some interference were to occur due to preformed fibrils in the 

oligomeric state, its contribution would be negligible and would unlikely exert a substantial 

influence on our ProCharTS analysis. 
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3.2 Materials and methods 
 

3.2.1 HEWL aggregation at pH 2 and effect of DHF 

 

HEWL (Sigma Aldrich, India) stock was prepared in deionised water and the concentration 

was determined using the extinction coefficient at λ280 nm (37,970 M-1cm-1). The aggregation 

of HEWL with concentration 1.36 mM was carried out in 10mM glycine buffer at pH 2. DHF 

with concentration 20 μM ,50 μM and 80 μM was incubated in presence of 1.36 mM HEWL 

and without HEWL in pH 2 for 10 days. The samples were incubated incubated at 65 ͦ C with 

intermittent mixing for 10 days. At the end of each day 100 μL aliquots of sample were 

collected and stored at 4 °C. The incubated samples were diluted to 100 μM in the same buffer 

and centrifuged at 10,500 rpm for 4 minutes and the supernatant was collected for further 

analysis (Ansari et al., 2018). 

3.2.2 HEWL aggregation at pH 5 and effect of DHF 

 

The aggregation of HEWL with concentration 100 μM was carried out in 0.1 M citrate buffer 

at pH 5. DHF with concentration 20 μM ,50 μM and 80 μM was incubated in presence of 100 

μM HEWL and without HEWL in pH 5 for 5 days. The samples were incubated at 65  ͦ C with 

intermittent mixing for 5 days. At the end of each day aliquots of sample were collected and 

stored at 4 °C. The samples were centrifuged at 10,500 rpm for 4 minutes and the supernatant 

was used for further analysis (Ansari et al., 2018). 

3.2.3 HEWL aggregation at pH 12.2 and effect of DHF 

 

The aggregation of HEWL with concentration 120 μM was carried out in 50 mM phosphate 

buffer at pH 12.2. DHF with concentration 20 μM ,50 μM and 80 μM was incubated in presence 

of 120 μM HEWL and without HEWL in pH 12.2 for 5 days at room temperature. At the end 

of each day aliquots of sample were stored at 4 °C for further analysis (Ansari et al., 2018). 

3.2.4 UV-visible absorption spectra 

 

The absorption spectra of the aggregated protein samples incubated with different 

concentrations of DHF were recorded using a double beam spectrophotometer (Perkin Elmer 

Lambda 25 spectrophotometer) at room temperature (25 °C). The absorption spectra were 

recorded from 325 nm to 800 nm (1 nm bandwidth; 480 nm minute−1 scan speed) and all the 

samples were repeated in triplicates and average of at least two measurements are shown. 
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3.2.5 ThT Fluorescence assay 

 

The aggregated protein sample with 10 μM concentration was mixed with 20 μM of ThT in pH 

8.5 Gly-Gly buffer. The concentration of ThT was measured by using the extinction coefficient 

26620 M-1cm-1 at 416 nm. The samples were vortexed properly and the spectrum was measured 

immediately. The excitation wavelength was kept at 450 nm with a slit width of 2 nm and the 

emission spectrum was collected from 470 nm to 550 nm with a slit width of 10 nm. The area 

under the emission spectrum was calculated from 470 nm to 550 nm after substraction of the 

blank spectrum without ThT. All fluorescence measurements were done in triplicate in a 2 mL 

quartz cuvette with a 10 mm path length using a Fluoromax-4 Spectrofluorometer (Jobin-Yvon 

Horiba Inc., USA). 

3.2.6 ANS binding assay 

 

The aggregated protein sample with 5 μM concentration was diluted in the same buffer used 

for protein aggregation and was mixed with 10 μM ANS. The ANS stock was prepared in 

deionised water and the concentration was determined by using the extinction coefficient of 

4950 M-1cm-1 at 350 nm. Steady-state fluorescence emission spectrum of ANS was recorded 

from 400 to 600 nm after excitation at 380 nm (excitation slit width 1 nm and emission slit 

width 10 nm). The area under the emission spectrum was calculated from 400 nm to 600 nm 

after substraction of the blank spectrum without ANS. All fluorescence measurements were 

done in triplicate in a 2 mL quartz cuvette with a 10 mm path length using a Fluoromax-4 

Spectrofluorometer (Jobin-Yvon Horiba Inc., USA). 

3.2.7 Atomic Force Microscopy 

 

The aggregated HEWL protein samples in presence of DHF after incubation for 10 days in pH 

2 was diluted to 2 μM concentration in deionised water. In a cleaved sheet of mica, 12 μL of 

the diluted sample was added and allowed to dry at room temperature. The samples were 

imaged in air under AAC or MAC MODE (non-contact) PICO PLUSTM AFM purchased from 

Molecular Imaging, USA. Cantilever type PPP-MFMR-20 (resonance frequency, 60—70 kHz; 

Nano sensors) was used for MAC mode, while type PPP-NCL-50 (resonance frequency, 150 

kHz; Molecular Imaging) was used for AAC mode. AFM images with at least 5 scans for each 

sample condition was acquired. 
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3.3  Results and Discussions 
 

3.3.1 ProCharTS absorbance to detect aggregation inhibition of HEWL by DHF in pH 

2, pH 5 and pH 12.2 

 

The investigation of HEWL's aggregation through ProCharTS absorbance reveals a gradual 

increase in absorbance as the aggregate concentration rises. This phenomenon indicates a 

significant augmentation in the formation of new contacts among the charged residues within 

the aggregates compared to the monomeric state. It is of significance to highlight that prior 

research endeavors have utilized the evaluation of absorbance specifically at wavelengths of 

220 nm and 257 nm as a method to closely observe and track the early phases of aggregation 

in Aβ (Paul et al., 2016). The alterations observed in the absorbance at 220 nm predominantly 

originate from variations in the amide groups within the peptide backbone. Meanwhile, the 

shifts in absorbance at 257 nm can be attributed to perturbations in the π-π* transitions of 

phenylalanine residues, induced by environmental changes occurring during the aggregation 

process. Furthermore, it is pertinent to note that a prior study had documented the 

conformational transition of poly-L-Lysine, wherein it shifted from a random coil 

configuration to a β-sheet structure (Rosenheck and Doty, 1961). Nevertheless, our primary 

investigative emphasis is directed toward the extended wavelength region of the UV-Visible 

spectrum, specifically spanning from 300 nm to 800 nm. Within this spectral range, the 

dominant influence on absorption patterns stems from the ProCharTS. Moreover, it is 

noteworthy that the analysis of ProCharTS absorbance has been effectively harnessed to 

scrutinize the conformational changes occurring in a variety of Intrinsically Disordered 

Proteins (IDPs) and our research team has previously conducted an absorbance study utilizing 

ProCharTS on HEWL at a pH 2, 5 and 12.2 (Ansari et al., 2018).This technique effectively 

captures the redistribution of proximal charges within the side chains and backbones of these 

proteins induced by structural modifications. Computational investigations on the structural 

transformations of Aβ peptides and analogous polypeptides also suggest that charge transfer is 

a viable method for scrutinizing conformational variations in amyloid aggregation (Grisanti et 

al., 2017, 2020; Jong et al., 2019; Serrano-Andrés and Fülscher, 2001).In the context of di and 

tripeptides of phenylalanine (Phe) undergoing aggregation, an elevation in optical absorbance 

in the 400-650 nm range has been observed, as reported by (Apter et al., 2021). This observation 

is attributed to the interaction between Phe residues forming the core of the aggregated 

assembly (Singh et al., 2020). Consequently, it is anticipated that the charged residues 

neighboring Phe will also come into contact during the aggregation process, resulting 
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in the redistribution and heightened interaction of charged moieties in aggregates compared to 

monomers. Consequently, ProCharTS is poised to effectively monitor the kinetics of 

aggregation in such systems. 

 

Fig. 3.1: UV visible absorption spectra of HEWL aggregates incubated with different concentration (20 μM, 50 

μM and 80 μM) DHF in pH 2 for 10 days. H-HEWL, D-DHF 
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Fig. 3.2: UV visible absorption spectra of HEWL aggregates incubated with different concentration (20 μM, 50 

μM and 80 μM) DHF in pH 2 for 10 days plotted from 325-800 nm. H-HEWL, D-DHF 
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The absorption spectra analysis of Hen Egg White Lysozyme (HEWL) aggregates incubated 

with varying concentrations of DHF at pH 2 (Fig. 3.1 a-h) indicated a potential masking effect 

of DHF on the anticipated ProCharTS absorption inhibition (Fig. 3.2 a-h). This masking effect 

is likely due to the inherent absorption characteristics of DHF, particularly in the wavelength 

range of 365-370 nm. Consequently, the spectral analysis was plotted from 425 nm to 800 nm 

to mitigate this interference. It is worth noting that prior research has documented a similar 

phenomenon in the interaction between procyanidin B3 and lysozyme. Specifically, this 

interaction leads to a noteworthy reduction in the intensity peak of lysozyme at 200 nm, 

accompanied by a conspicuous shift in its maximum absorption wavelength from 200 nm to 

205 nm. This spectral transformation can be attributed to the substantial absorbance exhibited 

by procyanidin B3 around the 200 nm region. These observations provide strong indications of 

structural alterations within the peptide backbone of lysozyme, potentially involving unfolding 

processes and changes in the local microenvironment's hydrophobic properties. These changes 

are believed to arise from the robust binding affinity between procyanidin B3 and lysozyme 

(Poklar Ulrih, 2017). 

Notably, across all investigated time points (ranging from 0 to 10 days), the absorbance 

of HEWL is consistently lower in the presence of DHF at all concentrations (20 μM, 50 μM, 

and 80 μM) compared to HEWL in isolation. This consistent reduction in absorbance strongly 

suggests that DHF exerts an inhibitory influence on the fibrillation process of HEWL. 

Remarkably, at the 10-day time point (Fig 3.1 h), it becomes evident that the lowest absorbance 

of HEWL aggregates is achieved when incubated with 80 μM DHF, followed by 50 μM DHF 

and 20 μM DHF. This concentration-dependent trend underscores the dose-dependent impact 

of DHF on HEWL fibrillation. Previous research findings have indicated a similar dose- 

dependent phenomenon in the context of lysozyme fibrillation inhibition induced by gallic acid 

(Konar et al., 2017). Additionally, it has been documented that the presence of HEWL 

aggregate inhibitor iodoacetamide leads to a significant reduction in ProCharTS absorption. 

This reduction is attributed to a pronounced decrease in the interactions between charged 

residues within HEWL, thereby contributing to the observed suppression of ProCharTS (Ansari 

et al., 2018). 

The absorption spectra of HEWL aggregates, as elucidated by ProCharTS, were meticulously 

examined within the wavelength range of 425 nm to 800 nm, considering the intrinsic 

absorbance of DHF, which manifests in the vicinity of 365-370 nm. Notably, our investigation 

into the ProCharTS absorption spectra of HEWL incubated at pH 5 with varying concentrations 
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Fig. 3.3: UV visible absorption spectra of HEWL aggregates incubated with different concentration (20 μM, 50 

μM and 80 μM) DHF in pH 5 for 5 days. H-HEWL, D-DHF 

of DHF (20 μM, 50 μM, and 80 μM) revealed intriguing insights. While our findings suggested 

a discernible, albeit mild, inhibitory effect with all three concentrations of DHF when compared 

to HEWL aggregates in pH 5 alone (Fig. 3.3), an intriguing observation emerged. The observed 

absorbance patterns across different time points (Fig. 3.3 a-f), presented a rather enigmatic 

picture. Contrary to expectations, no consistent trend in absorbance was discernible, casting 

uncertainty upon the prospect of DHF effectively mitigating HEWL aggregation under these 
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conditions. This intriguing observation prompts us to consider the nuances of HEWL 

aggregation under distinct pH environments. It is well-documented that HEWL aggregation 

dynamics differ significantly between pH 2 and pH 5, with the latter representing a milder 

milieu. At pH 2, the aggregation pathway yields more structured fibrils, while at pH 5, smaller 

aggregates predominate (Ansari et al., 2018). In light of these disparities, our results imply that 

DHF may not exert its inhibitory influence as effectively on the formation of smaller HEWL 

aggregates at pH 5, in contrast to its more pronounced inhibition of structured fibril formation 

observed at pH 2. 

 

 
Fig. 3.4: UV visible absorption spectra of HEWL aggregates incubated with different concentration (20 μM, 50 

μM and 80 μM) DHF in pH 12.2 for 5 days. H-HEWL, D-DHF 
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The ProCharTS absorption spectra analysis of HEWL aggregates at an alkaline pH of 12.2 has 

been thoughtfully executed over a spectral range spanning from 475 nm to 800 nm. This 

strategic selection of the spectral window stems from the well-documented red shift of DHF's 

intrinsic absorbance in response to an alkaline pH environment, shifting from its typical 365 

nm to 406 nm as discussed in Chapter 3. Notably, within the pH 12.2 milieu (Fig. 3.4), DHF 

exhibits intrinsic absorbance exclusively within the boundaries of 406 nm, with no 

consequential intrinsic absorbance observable beyond the 475 nm threshold. Intriguingly, our 

comprehensive investigation into the ProCharTS absorption spectra of HEWL aggregates 

within this highly alkaline context yielded compelling findings. As the incubation period 

extended from 0 to 5 days (Fig. 3.4 a-f), the progression of fibril formation within HEWL 

aggregates remained notably uninterrupted. The process of fibril formation by HEWL at pH 

12.2 has been previously documented by our group (Ravi et al., 2014). The progressive 

augmentation observed in the absorption spectra can be attributed to the heightened 

intermolecular interactions occurring among the charged residue side chains within the 

aggregates, as contrasted with the monomeric state (HEWL at day 0). A discerning observation 

emerges: in comparison to HEWL aggregates in isolation, DHF did not show decrease in 

absorbance spectra (Fig. 3.4 f). These intriguing outcomes hint at a crucial insight. It is 

conceivable that DHF, within the confines of the pH 12.2 milieu, may not exhibit a robust 

capacity to effectively inhibit the formation of HEWL aggregates. This observed phenomenon 

might be attributed to structural alterations undergone by DHF in alkaline pH environments, 

potentially disrupting its structure-activity relationship and rendering it less efficacious in 

impeding HEWL aggregation dynamics under these specific conditions. 

3.3.2. Thioflavin T (ThT) fluorescence studies 

 

Thioflavin T (ThT) serves as a valuable probe in the realm of scientific investigation, 

particularly in the context of identifying and scrutinizing the formation of amyloid fibers. This 

unique compound has found application in the diagnosis of several pathological conditions, 

including Alzheimer's disease, Parkinson's disease, and type II diabetes. Notably, the 

conformational transition towards β-sheet-rich fiber structures represents a pivotal event in the 

aggregation of distinct proteins associated with specific diseases. It is worth highlighting that 

ThT fluorescence exhibits a notable spike in quantum yield upon binding to these β-sheet-rich 

fibers, thus affording researchers a powerful means to discern and monitor these pathological 

processes (Wolfe et al., 2010). ThT fluorescence emission, detected at a wavelength of 485 nm 
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upon its interaction with amyloid β-strands, served as a robust means to track the dynamic 

progression of fibril formation kinetics (Levine III, 1993). 

 

 
Fig. 3.5: Integrated Thioflavin T fluorescence of HEWL aggregates incubated with different concentrations of 

DHF (20 μM, 50 μM and 80 μM) in pH 2 for 10 days. H-HEWL, D-DHF 
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The Thioflavin T (ThT) fluorescence assay was employed to monitor the aggregation dynamics 

HEWL in the presence and absence of varying concentrations (20 μM, 50 μM, and 80 μM) of 

DHF in pH 2 incubated at 65 °C (Fig. 3.5 a-Fig. 3.5 h). This aggregation profile served as a 

control, facilitating the examination of whether DHF had the capacity to intervene or influence 

the aggregation of HEWL. The findings reveal a progressive increase in HEWL fluorescence 

from day 3 to day 10 (Fig. 3.5 d -Fig. 3.5 h). Furthermore, these findings align harmoniously 

with the concept of nucleation-dependent polymerization that characterizes the aggregation 

behavior of amyloidogenic proteins. This phenomenon suggests the gradual formation of 

structured fibrils within an acidic pH environment (pH 2), leading to extended incubation 

periods due to which ThT binds to these fibrillar structures, resulting in augmented 

fluorescence. In the presence of DHF at the specified concentrations, a notable and dose- 

dependent reduction in ThT fluorescence is observed, contrasting with HEWL aggregates 

without DHF (Fig. 3.5 d, e, f, g, h). This outcome underscores the inhibitory effect of DHF on 

HEWL fibril formation, which persists across all concentrations tested. Particularly, the most 

significant inhibition of HEWL fibrils occurs when exposed to 80 μM DHF on days 5 (Fig. 3.5 

f), 7 (Fig. 3.5 g), and 10 (Fig. 3.5 h). Nonetheless, it is noteworthy that ThT fluorescence in 

the presence of DHF remains significantly lower compared to HEWL aggregates in isolation, 

underscoring the partial inhibition effect of DHF on HEWL fibril formation. 

The ThT fluorescence assay conducted on HEWL aggregates at pH 5 incubated at 65 

°C revealed that the presence of varying concentrations (20 μM, 50 μM, and 80 μM) of DHF 

did not yield any noteworthy reduction in ThT fluorescence (Fig. 3.6). Under pH 5 conditions, 

HEWL predominantly generates amorphous aggregates of smaller size, as opposed to the 

formation of fibrillar structures (Ansari et al., 2018). These findings not only corroborate the 

utility of ProCharTs absorbance but also underscore its applicability as a label-free probe for 

tracking both the aggregation process and its inhibition. Conversely, in the pH 2 environment, 

the ThT fluorescence assay conducted on HEWL aggregates unveiled that DHF had the 

capacity to substantially inhibit fibril formation. Interestingly, under these conditions, DHF 

failed to inhibit the development of amorphous aggregates. This observation implies that DHF 

plays a pivotal role in modulating the aggregation pathway, steering it away from fibrillar 

aggregation toward the amorphous aggregation pathway. Previously documented reports have 

noted that ThT fluorescence does not exhibit elevation in the presence of amorphous aggregates 

(Kumar et al., 2014). Likewise, the intricate interplay between amorphous and fibrillar 
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structural elements, along with the existence of alternate aggregation pathways, has been 

documented in prior studies involving various aggregating proteins (Huang et al., 2000). 

 

 

 

 

Fig. 3.6: Integrated Thioflavin T fluorescence of HEWL aggregates incubated with different concentrations of 

DHF (20 μM, 50 μM and 80 μM) in pH 5 for 5 days. H-HEWL, D-DHF 

The ThT fluorescence assay was employed to monitor the aggregation dynamics of HEWL in 

the presence and absence of varying concentrations (20 μM, 50 μM, and 80 μM) of DHF in pH 

12.2 incubated at room temperature (Fig. 3.6a-f). The ThT fluorescence assay discloses a 

notably heightened fluorescence intensity within the HEWL aggregates at pH 12.2 (Fig. 3.6), 
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when juxtaposed with the monomeric HEWL state at day 0 (Fig. 3.7 a). This observation 

strongly suggests the emergence of a fibrillar morphology in the HEWL aggregates (Fig. 3.7 

b-f). In contrast, there is a marginal reduction in the ThT fluorescence intensity of HEWL 

aggregates in the presence of varying concentrations of DHF, although this effect is not 

particularly pronounced. Specifically, a dose-dependent effect is conspicuously absent in 

contrast to results in pH 2 (Fig. 3.5). This phenomenon could potentially be attributed to the 

structural instability of DHF under alkaline pH conditions, as expounded upon in Chapter 2, 

leading to a compromised functionality due to structure-activity relationships. 

 

 
Fig. 3.7: Integrated Thioflavin T fluorescence of HEWL aggregates incubated with different concentrations of 

DHF (20 μM, 50 μM and 80 μM) in pH 12.2 for 5 days. H-HEWL, D-DHF 
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3.3.3 ANS Fluorescence studies 

 

ANS serves as an extrinsically applied fluorescent probe, finding broad utility in the 

comprehensive characterization of proteins across diverse conformational states. The elevation 

in ANS fluorescence within the context of a molten globule state serves as a discernible marker, 

signifying the exposure of hydrophobic protein clusters. Notably, ANS demonstrates an 

augmented fluorescence signal, primarily centred around 480 nm, upon its interaction with the 

hydrophobic cores of proteins, in stark contrast to its subdued fluorescence emission while in 

a free state within an aqueous milieu. When excited at 380 nm, ANS yields minimal 

fluorescence output at approximately 480 nm under these specific experimental conditions. 

ANS serves as an extrinsically applied fluorescent probe, extensively employed for the 

characterization of proteins across diverse conformational states. The augmentation in ANS 

fluorescence within the milieu of a molten globule state signifies the exposition of hydrophobic 

clusters within the protein structure (Guliyeva and Gasymov, 2020). 

The ANS fluorescence assay unveiled a noteworthy augmentation in fluorescence 

intensity for HEWL aggregates at pH 2, in contrast to the negligible ANS fluorescence 

exhibited by freshly prepared monomeric HEWL at day 0, a fluorescence level akin to that of 

blank ANS. This observation can be attributed to the significant unfolding of HEWL, a process 

that entails the exposure of hydrophobic moieties, subsequently leading to the gradual 

escalation of ANS fluorescence intensity. Remarkably, when varying concentrations of DHF 

at 20 μM, 50 μM, and 80 μM were introduced, HEWL aggregates exhibited a reduction in ANS 

fluorescence intensity compared to their counterparts without DHF (Fig 3.8). This reduction in 

fluorescence can likely be ascribed to the ability of DHF to mitigate the exposure of HEWL's 

internal hydrophobic groups, rendering the aggregation process more arduous. Importantly, 

these findings from the ANS fluorescence assay are in consonance with the outcomes obtained 

through ThT assays, affirming their consistency and supporting the overall conclusions. 
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Fig. 3.8: Integrated ANS fluorescence of HEWL aggregates incubated with different concentrations of DHF (20 

μM, 50 μM and 80 μM) in pH 2 for 10 days. H-HEWL, D-DHF 

Nonetheless, when scrutinizing the ANS fluorescence assay results for HEWL at pH 5 (Fig. 

3.9), a notable trend emerges. It becomes apparent that the ANS fluorescence intensity within 

HEWL aggregates remains relatively constant across varying concentrations of DHF – 

specifically, at 20 μM, 50 μM, and 80 μM. Only a subtle decrease in ANS fluorescence intensity 
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Fig. 3.9: Integrated ANS fluorescence of HEWL aggregates incubated with different concentrations of DHF (20 

μM, 50 μM and 80 μM) in pH 5 for 5 days. H-HEWL, D-DHF 

becomes evident in HEWL aggregates exposed to 50 μM and 80 μM DHF, during the 

incubation period spanning from the second to the fifth day (Fig 3.9 c-f). This intriguing 

observation can be rationalized by considering previous reports that have highlighted the 

heightened selectivity of ThT for fibrillar structures as compared to ANS. ThT has a propensity 

to preferentially bind to amyloid fibrils, whereas ANS, in contrast, interacts with hydrophobic 

regions present in both amorphous aggregates and amyloid fibrils (Vetri et al., 2007). 

Consequently, this subtle differentiation in binding preferences may elucidate our inability to 

detect any inhibitory effects exerted by DHF on HEWL aggregates at pH 5 when employing 
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the ThT assay. In contrast, ANS assay at pH 5 reveals a mild, dose-dependent inhibition of 

HEWL by DHF, likely attributable to the formation of amorphous aggregates of HEWL under 

these conditions. 

 

 
Fig. 3.10: Integrated ANS fluorescence of HEWL aggregates incubated with different concentrations of DHF (20 

μM, 50 μM and 80 μM) in pH 12.2 for 5 days. H-HEWL, D-DHF 

The ANS fluorescence assay applied to HEWL aggregates at a markedly alkaline pH of 12.2 

has revealed a gradual increase in fluorescence intensity in comparison to the pristine 

monomeric HEWL at day zero (Fig. 3.10 a). Remarkably, the introduction of varying 

concentrations of DHF – specifically, 20 μM, 50 μM, and 80 μM – did not elicit a significant 

reduction in ANS fluorescence (Fig 3.10). It was only on the fifth day of incubation that a 
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modest decline in ANS fluorescence intensity within the HEWL aggregates became discernible 

in the presence of DHF (Fig. 3.10 f). This intriguing set of results resonates the findings derived 

from ThT assay, indicating that DHF exerts only a mild inhibitory effect on HEWL aggregates 

at the alkaline pH of 12.2. This subtle inhibition is likely attributed to the inherent structural 

instability of DHF under alkaline conditions. 

3.3.4 Observing the effects of DHF on HEWL fibrillogenesis by Atomic Force Microscopy 

 

Collectively integrating insights from ProCharTS, ThT, and ANS assays, a compelling pattern 

emerges revealing the potent inhibitory influence of DHF on the formation of HEWL fibrils at 

pH 2. In pursuit of a more direct visual assessment of DHF's impact on fibril formation, we 

turned to AFM. The AFM images, as depicted in (Fig. 3.11), illustrate three distinct scenarios: 

HEWL in its monomeric state (Fig. 3.11a), HEWL aggregates incubated for a period of 7 days 

at pH 2 (Fig. 3.11b), and HEWL aggregates subjected to the presence of 80 μM DHF over a 

duration of 10 days at pH 2 (Fig. 3.11c). 

 
 

Fig. 3.11: AFM images of HEWL Monomer 2μM (a), 7_Day HEWL in pH 2 diluted to 2μM (b), 10_Day 80 μM 

DHF+HEWL in pH 2 diluted to 2μM (c). 
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A discernible outcome of this AFM analysis is the clear formation of mature HEWL amyloid 

fibrils in the absence of DHF (Fig. 3.11 b). Conversely, when DHF is introduced, a starkly 

contrasting observation emerges. The fibrillar structures are notably suppressed within the 

HEWL aggregates, giving rise instead to amorphous aggregates characterized by a range of 

diameters surpassing those of the monomers (Fig. 3.11 c). This collective body of evidence 

leads us to posit a hypothesis: DHF may engage with on-pathway intermediates, thereby 

effectively impeding the lateral assembly of oligomers, which is essential for the formation of 

larger fibrillar structures. 

 

3.4 Conclusions 
 

DHF exhibits robust inhibitory effects on the aggregation of fibrils in HEWL under acidic 

conditions (pH 2), resulting in the formation of more disordered and amorphous aggregates. 

This observation underscores DHF's capacity to modulate the aggregation process under 

specific pH conditions. However, it is important to note that DHF does not manifest significant 

inhibitory effects on HEWL aggregates at pH 5, thereby confirming its inability to impede the 

formation of amorphous aggregates in this pH range. Furthermore, DHF's efficacy in inhibiting 

HEWL fibrils is notably diminished at an elevated alkaline pH of 12.2. This attenuation in 

inhibitory activity is attributed to the inherent instability of DHF under such high alkaline pH 

conditions. 
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Chapter 4 

Studying the anticancer activity of 

DHF in colon cancer cells 
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4.1  Introduction 

 
Colon cancer has asserted its position as the second leading cause of cancer fatalities in the 

developed world and a major cause of death worldwide. Tumor recurrence and the risky spread 

of cancer to distant places following conservative surgery loom as fearsome foes, bearing the 

weight of death and foretelling a gloomy future (Gu et al., 2021). Consequently, ground- 

breaking therapeutic agents that combat metastasis becomes an urgent imperative, poised to 

illuminate a path towards heightened survival rates into the realm of colon cancer treatment. 

Cancer invasion and metastasis involve an intricate cascade of events, encompasses a 

sequential series of cellular transformations, including disruption of intercellular adhesion, the 

infiltration of basal membranes and surrounding tissues, intravasation into either the 

bloodstream or lymphatic vessels, sustenance of viability within the circulatory system, and 

ultimately, the processes of extravasation followed by robust proliferation at nascent metastatic 

(Trinh et al., 2022). One of the key factors contributing to metastasis is the epithelial- 

mesenchymal transition (EMT). A key hallmark observed in the EMT of carcinoma cells is the 

transition from epithelial (E-cadherin), which is a cell-surface protein primarily associated with 

epithelial junctions, to neural cadherin (N-cadherin). This switching in cadherin expression 

contributes to the cellular changes observed during EMT (Kalluri and Weinberg, 2009). 

Furthermore, there is an upregulation of vimentin, an intermediate filament protein, which is 

typically highly expressed in mesenchymal cells (Jie et al., 2017). 

A. nigra (Gaertn.) Burtt is an aromatic rhizomatous herb known for its various 

medicinal properties. Different parts of the plant contain a diverse range of bioactive 

compounds that contribute to its therapeutic benefits. In Assam it is commonly named as 

“Tora” and the aqueous extract from its rhizome and shoot has been a popular folk remedy for 

various health concerns, including bone weakness, jaundice, and gastric ulcers (Tushar et al., 

2010). Reports suggests that its various extracts have demonstrated potent antibacterial (Ghosh 

et al., 2013), anti-inflammatory (Das and Qais, 2012) antihelmintic (Roy and Swargiary, 2009), 

cytotoxic, and analgesic effects (Ahmed et al., 2015). This remarkable plant holds great 

promise for future therapeutic applications. 

In the present study, we investigated the anticancer activity of flavonoid 3,5-dihydroxy- 

7,4’- dimethoxyflavone (DHF) from A. nigra, previously reported from our lab group (Gupta 

et al., 2021). The focus of our study was to assess its effects on colon cancer cell lines, 

specifically HCT116 and SW480. Numerous biological activities have been documented for 
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DHF (3,5-dihydroxy-7,4’-dimethoxyflavone), including estrogenic activity as reported by 

(Ying et al., 2014). Additionally, Sudsai et al., (2017) demonstrated its potential as an 

antibacterial and anti-HIV agent. Furthermore, DHF has been recognized for its antioxidant, 

anti-tyrosinase, and anti-inflammatory properties, as evidenced in the study by Gupta et al., 

(2021). 

Moreover, despite the numerous documented biological effects of DHF, its potential as 

an anticancer agent targeting colon cancer cells remains uncharted in prior research. DHF is a 

derivative of kaempferol and shares a structural resemblance with this well-recognized 

compound, which is renowned for its multifaceted anticancer attributes, including its 

established effectiveness against colon cancer. Since DHF is a derivative of kaempferol, a 

compound known for its diverse anticancer effects, we undertook a pioneering investigation to 

explore the impact of DHF on colon cancer cells. In the present chapter, the study unveils the 

pivotal role of DHF in colon cancer development, particularly in proliferation and migration. 

 

4.2  Materials and methods 
 

4.2.1 MTT Assay: 

 
Day 1: Cell seeding 

 
Cell lines were obtained and sub-cultured on Dulbecco's Modified Eagle Medium (DMEM) 

media. The cells were thus obtained were incubated in 5% CO2 at 37°C. When the cells were 

70-80% confluent, media was discarded and the cells were washed with 2 mL of 1X phosphate- 

buffered saline (PBS). The cells were trypsinized with 100 μL trypsin and incubated for 6 

minutes until the cells were detached. About 2 mL of fresh medium was then added and the 

suspension was transferred to a clean falcon tube and centrifuged at 1200 rpm for 6 minutes at 

4°C. The supernatant was then discarded and the pellet was dissolved in 1 mL of fresh medium. 

Nearly 20 μL of the suspension was then mixed with trypan blue in 1:1 ratio and the cell count 

were obtained by using the hemocytometer. 

For cell count: cells/mL= Avg. cell count per square X 104 x dilution factor x 2 x 104 

Stock preparation: Required cell count = 2000 cells/ 100 μL 

Required volume = 20 mL 

Roughly 100 μL of cell suspension was added to 96 well plates and these were incubated at 

37°C and 5% CO2 for 24 hours. 
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Day 2: Drug dilution 

 
Stock concentration of 50 mM DHF in dimethyl sulfoxide (DMSO), 10 mM Kaempferol in 

DMSO, 10 mM 5 Fluorouracil in DH2O was used. Concentration of DHF used for the 

treatment: 5 μM, 10 μM, 25 μM, 50 μM and 100 μM. A volume of 10 μL of MTT was 

introduced to the 0-hour plate and subjected to a 2-hour incubation period at 37°C under 

conditions of 5% CO2. After 2 hours the content of the 0-hour plate was discarded and 100 μL 

of DMSO was added to each well. 

The plate was then wrapped with aluminum foil and incubated for 15 minutes. After 15 

minutes the absorbance was measured at 570 nm. 

Day 3 and 4: Incubation at 37°C at 5 % CO2 incubator. 

 
Day 5: Detection/visualization 

 
In each well of the 72-hour plate, precisely 10 μL of MTT was added, followed by a 2-hour 

incubation period at 37°C with a 5% CO2 atmosphere. Subsequently, the plate contents were 

removed, replaced with 100 μL of DMSO, and then covered with foil followed by a 15 minutes 

incubation. After a further 1-hour interval, the absorbance was measured at 570 nm. 

4.2.2 Cell death analysis by propidium iodide (PI) staining using flow cytometer 

 

The plate containing HCT116 and SW480 cells were taken and the media was discarded, the 

cells were washed with PBS buffer. The cells were trypsinized and 2 mL of fresh media was 

added which was followed by centrifugation at 12000 rpm for 6 minutes at 4°C. After 

centrifugation, the supernatant was discarded and the pellet was mixed with 1mL of fresh 

medium, from this mixture 50 μL of cells were transferred to a 1.5 mL Eppendorf tube to which 

50 μL trypan blue was added making the ratio of 1:1. From this mixture, 10 μL volume was 

loaded on to hemocytometer for the cell count using inverted microscope. A volume of 1 mL 

of cell suspension, containing a cell density of 5000 cells/mL, was introduced into each well 

of a 6-well culture plate. Subsequently, 1 mL of fresh cell culture media was added to each 

well to attain a final volume of 2 mL. The plate was then placed in a CO2 incubator and 

incubated for a duration of 24 hours. After completion of 24 hours, cells are treated with 

different concentrations of DHF (50 μM and 100 μM) and Kaempferol 100 μM. The cells were 

then further incubated for 72 hours. After incubation, the cells in the 6 well plate were detached 

by trypsinization and collected in tubes. The cells were gently mixed and centrifuged at 4000 
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rpm for 10 minutes at 4°C and supernatant was discarded. The pellet was gently mixed and 

suspended in 1 mL PBS and centrifuged at 4000 rpm for 10 minutes at 4°C which was repeated 

twice. The collected pellet was then finally resuspended to 495 μL of PBS and kept in ice. A 

volume of 5 μL of PI was introduced into the sample, which was then incubated on ice for a 

period of 10 minutes. Subsequently, the sample was analyzed by flow cytometer (BD FACS 

CelestaTM, Becton-Dickinson, New Jersey, USA). 

4.2.3 Test for apoptosis 

 

A total of 1x105 HCT116 and SW480 cells were evenly distributed and cultured within 

individual wells of 6-well plates. These plates were then incubated for a duration of 24 hours 

at a controlled environment of 37°C within a 5% CO2 incubator. After incubation, the cells 

were treated with DHF concentrations of 50 μM and 100 μM and incubated for 72 hours at CO2 

incubator. The cells in 6 well plates were then detached by trypsinization and were collected in 

tubes and mixed gently, which were then subjected to centrifugation at 4000 rpm for 10 minutes 

at 4°C. It was repeated twice with 1X PBS. The cells were centrifuged at 4000 rpm for 10 

minutes and resuspended in the binding buffer (100 μL) for each tube. The controls used were 

unstained PI control, Annexin control and Double stained control. PI (2 μg/mL) and Annexin 25 

μL (2.5 μg/mL) each were added to the sample and the reading was done using flow cytometer 

(BD FACS CelestaTM, Becton-Dickinson, New Jersey, USA). 

4.2.4 Migration assay 

 

The purpose of this assay was to look into the migration of HCT116 and SW480 cells after 

they were treated with DHF and Kaempferol. HCT116 and SW480 cells were seeded in 12 well 

plates with approximately 2 lakh cells per well and incubated in a CO2 incubator. Upon the 

establishment of monolayers, cellular synchronization was achieved through the 

implementation of serum-deprived media, with a duration spanning 8 to 12 hours, preceding 

the initiation of the scratch or wound generation, which was meticulously executed using P200 

pipette tips. The debris created during the scratch is removed by washing with 1 mL media and 

then replacing it with 5 mL media. Subsequently, cells were subjected to treatment with DHF 

concentrations of 50 μM and 100 μM, as well as a 100 μM dosage of kaempferol. The migration 

of the cells was assessed using an inverted microscope (Nikon T1-SM, Japan) to observe the 

difference in the area of the scratch wounds. The photos were taken at various time intervals 

beginning at 0 hour and ending after the control cells had completely migrated and the scratch 
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had healed. ImageJ software was used to analyze the images and determine the unhealed area 

at various time intervals. 

4.2.5 Western blotting 

 

 
Western blot analysis was performed to determine the expression profiles of distinct target 

proteins implicated in the migration of cancer cells, specifically HCT116 and SW480 cells, 

upon treatment with DHF and kaempferol. The experiment followed a series of rigorous 

protocol, encompassing the following methodological steps: 

Cell seeding and treatment with DHF and Kaempferol 

 
The plate containing HCT116 and SW480 cells were utilized and the media was discarded from 

the plate, and subsequent to a PBS wash, 200 μL of trypsin was added. The plates were then 

incubated in a 37°C CO2 incubator for a duration of 3-5 minutes. Following incubation, 2 mL 

of fresh media was introduced into the plates, and the cells were gently transferred to Falcon 

tubes. These tubes were subsequently subjected to centrifugation at 1200 rpm for 6 minutes at 

4°C. Upon centrifugation, the supernatant was discarded, and the cell pellet was resuspended 

in 1 mL of fresh media. From this cell suspension, 20 μL was extracted and mixed with an equal 

volume of trypan blue, achieving a 1:1 ratio. Cell counting was then performed employing a 

hemocytometer, with a final count of 3x105 cells for each petriplate. Subsequently, 2 mL of fresh 

DMEM media was added to each plate, making the total volume in each plate 3 mL. All plates 

were then incubated for 24 hours at 37°C. After the incubation period, the media was removed 

from the plates and replaced with 2.9 mL of fresh media. A solution containing 50 mM DHF 

in (99.9%) DMSO and 50 mM Kaempferol in (99.9%) DMSO was diluted within the media. The 

cells were treated with DHF at concentrations of 50 μM and 100 μM, and Kaempferol at 100 

μM, except for the control. Following this treatment, all plates were incubated for an additional 

24 hours in a CO2 incubator at 37°C, after which cell lysates were prepared. 

Lysate preparation 

The media in the petriplates was removed and each plate was gently washed with 1 mL of PBS. 

Following the PBS wash, 100 μL of lysis buffer was introduced into each plate. The resulting 

lysates were then transferred into 1.5 mL eppendorf tubes and subsequently subjected to 

centrifugation at 13,000 rpm for 15 minutes. After centrifugation, the supernatant was carefully 

collected, and the pellets were discarded. 
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Protein estimation 

Protein estimation was done using Bradford protein assay (Bradford, 1976). Different dilutions 

of bovine serum albumin (BSA) from 2 mg/mL stock in lysis buffer was used to prepare the 

standard curve. The different dilutions of BSA prepared were: 20 μL of 2 mg/mL stock, 1 

mg/mL, 0.5 mg/mL, 0.25 mg/mL and 0.125 mg/mL. In 95 μL of Bradford reagent, 5 μL of 

protein were added for each dilution which were then loaded in the wells of 96 well plates. 

Same procedure was followed for loading samples treated with DHF and Kaempferol along 

with control samples and the absorbance was measured at 595 nm. The graph for standard curve 

was plotted and the concentration of protein was estimated for each sample. Then 30 μg    of each 

sample were loaded on separate wells on the gel after gel preparation for electrophoresis at 90 V. 

A resolving gel comprising 12% concentration and a stacking gel with 4% concentration, 

composed of a blend of deionized water, acrylamide bisacrylamide, Tris-HCl, ammonium 

persulfate, SDS, and N,N,N′,N′ -Tetramethylethylenediamine (TEMED), were prepared for 

running the protein samples. The protein samples were loaded on the wells for electrophoresis 

and after completion of electrophoresis, the stacking gel was removed. Then the blotting was 

done on nitrocellulose membrane, the gel and nitrocellulose membrane were sandwiched 

between the stacks and electroblotted at 1.3 A, 25 V for 30 minutes. 

After blotting was completed, the membrane was stained with the ponceau stain to 

visualize the transferred proteins. Then washing was done thrice using 1x Tris-buffered saline 

with 0.1% Tween 20 (TBST) for 10-15 minutes each. After the wash the, the membrane was 

blocked with 2% milk in TBST for 2 hours in shaker and then washed thrice again with 1X 

TBST. The membrane was then incubated with the primary antibody at 4°C overnight. After 

the incubation, washing was done for three times with 1x TBST. 

Then the membranes were incubated with anti-rabbit/anti-mouse secondary antibody 

for 2 hours at room temperature. The membranes were then washed with 1X TBST for three 

times for 10-15 minutes each. The blots were then developed with Bio Rad Chemi Doc through 

the software protocol. 

4.2.6 Colony formation assay 

 

The colony formation assay was conducted exclusively using plates containing HCT116 cells, 

chosen for their heightened sensitivity in cell proliferation and migration assays as opposed to 

the SW480 cell line. Initially, the growth media was removed from the plates, and the cells 
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were rinsed with PBS. Subsequently, the cells were treated with 200 μL of trypsin and 

incubated in a CO2 incubator for 3-5 minutes. Following this, 2 mL of fresh DMEM media was 

added to the plate, and the cells were gently collected into Falcon tubes, which were then 

subjected to centrifugation at 1200 rpm for 6 minutes at 4°C. Upon centrifugation, the 

supernatant was discarded, and the cell pellet was resuspended in 1 mL of fresh media. To 

determine cell count, 50 μL of the suspended cell pellet was transferred to an Eppendorf tube, 

and 50 μL of trypan blue was added, resulting in a 1:1 ratio. From this mixture, 10 μL was 

loaded onto a hemocytometer for cell counting using an inverted microscope. Subsequently, 1 

mL of cells was added to each well of a 6-well plate, with a target of 1500 cells per well. An 

additional 1 mL of fresh media was added to each well to achieve a final volume of 2 mL. The 

plate was then incubated in a CO2 incubator for 24 hours and treated with varying 

concentrations of DHF (50 μM and 100 μM) and 100 μM of Kaempferol. Colony formation 

was monitored during this incubation period. Upon the formation of colonies, the media was 

removed from the plate, and a gentle wash with 1X PBS was performed. Subsequently, ethanol 

(70%) fixation was carried out at -20°C for 1 hour. Following fixation, 1 mL of 0.5% (w/v) 

crystal violet was added to each well for 2-3 minutes. The cells were then gently washed to 

remove excess stain, and photographs were taken for analysis. 

 

4.3 Results and Discussions 
 

4.3.1 Cell proliferation by MTT 

 

Cell proliferation, a fundamental biological process, involves rapid multiplication of cells 

through division, crucial for proper growth, development, and maintenance of organisms, 

ensuring tissue and cellular homeostasis. This assay gauges the rate at which cell populations 

expand and serves as a valuable tool to assess drug effects, study growth factors, measure 

cytotoxicity, and explore cell activation contexts. Existing methodologies encompass 

assessments related to DNA synthesis, metabolic activity, proliferation-associated antigens, 

and ATP concentration (Romar et al., 2016). 
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Fig. 4.1: Cell proliferation assay by MTT on treatment with DHF, Kaempferol and 5FU against three different 

cell lines :(a) HaCaT, (b) SW480 and (c) HCT116 (d) HCT116 

In our study, employing the MTT assay, cell proliferation analysis was conducted 

across three distinct cell lines. Notably, HaCaT cells exhibited unhindered proliferation when 

exposed to DHF. Conversely, treatment with higher concentrations of kaempferol (25 μM, 50 

μM, and 100 μM) led to notable inhibition rates of 24%, 29%, and 59%, respectively, while 5FU 

treatments at 25 μM and 50 μM resulted in substantial inhibition of proliferation by 57% and 

67% in HaCaT cells (Fig. 4.1 a). 

In both HCT116 and SW480 cell lines, DHF treatment significantly inhibited cell 

proliferation. In the case of SW480 cells, DHF treatments at higher concentrations (50 μM and 

100 μM) led to inhibitions of 32% and 26%, whereas kaempferol treatments at 50 μM and 100 

μM resulted in inhibitions of 22% and 30%. Strikingly, 5FU treatments at 25 μM and 100 μM 

resulted in substantial inhibitions of 91% and 94% (Fig. 4.1 b). 

HCT116 cells, when subjected to DHF concentrations (25 μM, 50 μM, and 100 μM), 

displayed inhibitions of 69%, 76%, and 76%, respectively. Kaempferol treatments at 50 μM 

and 100 μM exhibited significant inhibitions of 63% and 77%. Contrastingly, 5FU treatments 

at 25 μM and 100 μM resulted in 20% and 56% inhibition in HCT116 cells (Fig. 4.1 c). The 

IC50 value of DHF for HCT116 cell line was calculated to be 3.75 μM using DHF 

concentrations (0.01 μM, 0.1 μM, 0.5 μM, 1 μM, 2.5 μM, 5 μM) as shown in figure Fig. 4.1 d. 

 Noteworthy is the variation in sensitivity among the cell lines. HCT116 cells exhibited 

heightened sensitivity to DHF in comparison to SW480, whereas SW480 cells displayed 
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higher susceptibility to 5FU compared to HCT116. Similar results have been discussed in case of 

cell viability assay as well. Additionally, HCT116 cells manifested greater sensitivity to 

kaempferol compared to SW480, as depicted in Figure 5.2. These results underscore the diverse 

responses of distinct cell lines to the compounds studied, providing valuable insights into their 

potential therapeutic applications. Astragalin has been reported to impede cell proliferation in 

HCT116 cells through the induction of cell cycle arrest. Mechanistically, astragalin disrupts the 

NF-κB signaling pathways in vitro in a dose-dependent manner. Notably, it inhibits the nuclear 

translocation of NF-κB P65 protein stimulated by TNF-α. In vivo experiments employing nude 

mice demonstrated that oral administration of astragalin reduced the proliferation of xenograft 

HCT116 tumors and suppressed HCT116 tumor growth. This effect was attributed to increased 

apoptotic cells within tumor tissues and inhibition of the NFκB signaling pathway (Yang et al., 

2021). 

Metformin, a well-known antidiabetic drug, displayed substantial growth inhibition in 

both HCT116 and SW480 CRC cell lines (Esra’a et al., 2021). In HCT116, metformin 

treatment led to a 25–30% decrease in proliferation (Mogavero et al., 2017). Silibinin, on the 

other hand, exhibited significant growth inhibition of SW480 cells in culture. Silibinin 

achieved this by decreasing the total cellular pool as well as the subcellular localization of β- 

catenin, a pivotal component in the Wnt/β-catenin signaling pathway. Silibinin's growth- 

inhibitory effect was specific to β-catenin down-regulation, as evidenced by HCT116 cells, 

which harbor wild-type APC but mutant β-catenin, failing to respond to silibinin treatment 

(Kaur et al., 2010). 

Moreover, compound C, identified as an inhibitor of AMP-activated protein kinase 

(AMPK), displayed potent anti-proliferative activity across all four colorectal cancer cell lines: 

HCT116, DLD-1, SW480, and KM12C. Remarkably, compound C induced both apoptosis and 

autophagy in colorectal cancer cells, with apoptosis predominant in HCT116 and KM12C cells, 

and autophagy observed mainly in DLD-1 and SW480 cells (Yang et al., 2012). These findings 

underscore the diverse yet interconnected mechanisms through which these compounds exert 

their anti-proliferative effects, shedding light on potential avenues for targeted therapeutic 

interventions in colon cancer. 

4.3.2 Cell death analysis by flow cytometry 

 

The PI flow cytometric technique has been widely utilized in numerous experimental models 

to estimate apoptosis. Apoptotic cells are characterized by DNA fragmentation, leading to the 
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loss of nuclear DNA content. PI, a fluorochrome capable of binding and tagging DNA, allows 

for a quick and exact assessment of cellular DNA content by flow cytometric analysis, as well 

as the detection of hypodiploid cells (Riccardi and Nicoletti, 2006). 

 

 
Fig 4.2: (a) Cell death analysis by propidium iodide dye on treatment with DHF (50 μM and 100 μM) and 

Kaempferol (100 μM) in HCT116 and SW480 cells, (b) Cell death percentage plotted against various. treatment 

in HCT116 and SW480 cells by PI-FACS with DHF (50 μM and 100 μM) and Kaempferol (100 μM). 

The analysis of cell death in HCT116 cells employing PI dye revealed that there is no 

significant cell death. Cells treated with DMSO (control) exhibited 8% cell death, and upon 

treatment with 50 μM and 100 μM DHF, a marginal increase to approximately 8.8% cell death 

was observed. In contrast, exposure to 100 μM kaempferol led to a moderate elevation, 

resulting in approximately 20% cell death in HCT116 cells (Fig. 4.2). 

In SW480 cells, cells treated with DMSO (control) exhibited 9.7% cell death. Upon 

treatment with 50 μM and 100 μM DHF, a minor effect was observed, leading to only about 

13% and 14% cell death, respectively. Similarly, treatment with 100 μM kaempferol induced 

a slight elevation, with approximately 16% cell death observed in SW480 cells (Fig. 4.2). These 

findings shed light on the differential responses of HCT116 and SW480 cells to the treatments, 

providing valuable insights into the nuances of cell death mechanisms in these contexts. 
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Apoptosis is a critical mechanism of programmed cell death that is required for tissue 

equilibrium. It begins with a breakdown of the cell's plasma membrane, exposing 

phosphatidylserine (PS) residues on the outer leaflet. Annexin V has a high affinity for PS and 

is used as a reliable marker for detecting early apoptosis. To distinguish between dead and 

apoptotic cells, PI is used in conjunction with Annexin V. 

The evaluation of cell death in SW480 and HCT116 cells, conducted through PI- 

Annexin staining, revealed a lack of significant cell death in response to both DHF and 

kaempferol treatments (Fig. 4.3). Specifically, in HCT116 cells, the cells treated with DMSO 

(control) exhibited a modest 10.5% cell death. Following exposure to 50 μM and 100 μM DHF, 

only 11.4% and 8.1% cell death were noted, respectively. Similarly, treatment with 100 μM 

kaempferol resulted in a marginal 11.4% cell death in HCT116 cells. 

 

 
Fig 4.3: (a) Cell death analysis by PI-Annexin V dye on treatment with DHF (50 μM and 100 μM) and 

Kaempferol (100 μM) in HCT116 and SW480 cells (b) Cell death percentage plotted against various. treatment in 

HCT116 and SW480 cells by PI-Annexin V with DHF (50 μM and 100 μM) and Kaempferol (100 μM). 

In SW480 cells, cells treated with DMSO (control) displayed 11% cell death. 

Subsequent treatments with 50 μM and 100 μM DHF showed 11.6% and 8.3% cell death, 
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respectively. Likewise, exposure to 100 μM kaempferol led to 8.5% cell death (Fig. 4.3). 

Consequently, based on the results obtained from the cell death analysis assay, it can be 

concluded that neither SW480 nor HCT116 cells undergo apoptosis upon treatment with DHF. 

Flavonoids have emerged as potent regulators of cell growth, operating through diverse 

mechanisms, including the modulation of oncogene and tumour suppressor gene expression, 

inhibition of critical signal transduction pathways such as Nrf, NF-κB, AP-1, Wnt/β-catenin, 

MAPK, and growth factors. These multifaceted actions extend to the induction of cell-cycle 

arrest and apoptosis, involving pivotal players like p53, Bcl-2, and caspase families (Huang et 

al., 2009). 

In the context of SW480 cells, it has been documented that Epicatechin Gallate (ECG) 

plays a crucial role in stabilizing p53, an indispensable factor in apoptosis induction. 

Additionally, the activation of MAPKs (JNK and p38) mediated by p53 influences both 

phosphorylated p53 (p-p53) and total p53 levels. Disruption of this process and the subsequent 

induction of apoptotic cell death occur upon MAPKs inhibition, underscoring the intricate 

interplay between these pathways (Cordero-Herrera et al., 2013). 

Isorhamnetin, in HCT-116 cells, exhibits a dual effect, inducing apoptosis and necrosis 

in a dose- and time-dependent manner (Jaramillo et al., 2010). Conversely, when metformin is 

combined with irinotecan, apoptosis isn't triggered in HCT116 and SW480 cells; instead, it 

prompts cell cycle arrest by halting progression at G1 and S phases. Notably, HCT116 cells 

exhibit heightened susceptibility to apoptotic cell death, as evidenced by Annexin V staining, 

further emphasizing the nuanced responses of different colon cancer cells to various treatments 

(Esra’a et al., 2021). 

Sappanchalcone, at equimolar concentrations, demonstrates a pronounced impact on 

HCT116 cells compared to SW480 cells. It orchestrates apoptosis through intricate pathways, 

involving both caspase-dependent and caspase-independent mechanisms, illuminating the 

complexity of its regulatory role in colon cancer cells (Seo et al., 2020). These findings 

underscore the intricate web of molecular events orchestrated by flavonoids and their 

derivatives, highlighting the potential for targeted therapeutic interventions in colon cancer. 

4.3.3 Effect of DHF on migration of HCT116 and SW480 cells 

 

Traditional anti-cancer therapies have historically targeted cell proliferation processes, 

focusing on DNA replication and related events like cell cycle progression and apoptosis 
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evasion. However, these approaches often damage healthy self-renewing cells in tissues, 

causing significant side effects. The search for more selective targets has led to the exploration 

of cell motility, a fundamental component of invasion and neoangiogenesis, as a potential 

avenue. Investigating inhibitors with distinct mechanisms of action could offer novel strategies. 

Combining these inhibitors with conventional cytotoxic drugs may enhance treatment precision 

and efficacy, minimizing collateral damage to healthy tissues. This approach represents a 

paradigm shift, aiming to improve cancer therapies by harnessing the complexities of cell 

motility while optimizing the therapeutic potential of existing cytotoxic agents (Eccles et al., 

2005). 

 

 
Fig. 4.4: (a) Migration assay of SW480 cells treated with DHF and Kaempferol at different time interval (0 hr- 

18 hrs), (b) unhealed area plotted against different time interval in SW480 cell. 

Therefore, in our current investigation, we meticulously examined the impact of DHF on the 

migration abilities of colon cancer cells, specifically HCT116 and SW480. Employing a wound 

healing assay, we tracked cell migration progress over various time intervals. 
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When SW480 cells were treated with DHF at concentrations of 50 μM and 100 μM, a 

significant inhibitory effect on cell migration was observed. At different time points (0 hr, 2 

hrs, 6 hrs, and 18 hrs), treatment with DHF at 50 μM resulted in remaining wound percentages 

of 100%, 77.4%, 63.6%, and 47.8%, respectively. Moreover, DHF at 100 μM exhibited even 

greater efficacy, with remaining wound percentages of 100%, 97.6%, 80.2%, and 60.7% across 

the same time intervals. Kaempferol at 100 μM, while slightly less effective than DHF, still 

significantly curtailed migration with remaining wound percentages of 100%, 81.5%, 62.4%, 

and 50.25% (Fig. 4.4). 

 

 
Fig. 4.5: (a) Migration assay of HCT116 cells treated with DHF and Kaempferol at different time interval (0 hr- 

24 hrs), (b) unhealed area plotted against different time interval in HCT116 cells 

Similarly, in HCT116 cells, DHF, particularly at 100 μM, showcased remarkable efficacy in 

impeding cell migration. At different time points (0 hr, 2 hrs, 8 hrs, and 24 hrs), treatment with 

DHF at 50 μM resulted in remaining wound percentages of 100%, 95%, 91.5%, and 86.9%. 
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DHF at 100 μM displayed superior effectiveness, maintaining wound percentages of 100%, 

93.6%, 92.5%, and 93%. Kaempferol at 100 μM also demonstrated significant inhibitory 

effects, with remaining wound percentages of 100%, 89.5%, 75.4%, and 69.2% (Fig. 4.5). 

 
Comparatively, both DHF and Kaempferol treatments substantially curtailed migration 

rates in both SW480 and HCT116 cells. Furthermore, it is noteworthy that the migratory 

slowdown in HCT116 cells was comparatively more pronounced than in SW480 cells. HCT116 

showed more sensitivity towards DHF compared to SW480 cells. The findings indicate that 

DHF exerts direct influence on cellular growth and the biological characteristics of colon 

cancer cells. Similar observation has been reported for flavonoid baicalein where HCT116 cells 

were more sensitive compared to SW480 cells (Dou et al., 2018). Liquiritigenin, a flavonoid 

derived from Glycyrrhiza uralensis Fisch roots, has demonstrated inhibitory effects on HCT116 

colorectal cancer cell invasion and epithelial-mesenchymal transition (EMT). This effect was 

attributed to the reduction of Runt-Related Transcription Factor 2 (Runx2) and the inactivation 

of the PI3K/AKT signaling pathway. Likewise, Pectolinarigenin, found in Cirsium 

chanroenicum (Nakai) Nakai, exhibited anti-migratory and anti-invasive properties in CT26 

and HCT116 colorectal carcinoma cells. Its mechanism involved the downregulation of Matrix 

Metalloproteinase-9 (MMP-9) and phosphorylated Signal Transducer and Activator of 

Transcription 3 (STAT3). Notably, pectolinarigenin also curtailed abdominal metastasis in a 

murine colorectal cancer model. 

It has been reported that genistin showcased anti-metastatic potential in SW480 

colorectal cancer cells, primarily through the inhibition of the TTTY18/Akt pathway (Chen et 

al., 2020). In another study, Delphinidin exhibited anti-metastatic effects in human DLD-1, 

SW480, and SW620 colorectal cancer cells by targeting integrin/FAK signaling. This action 

was mediated by upregulating miRNA-204-3p (Huang et al., 2019). Luteolin, in HT-29 and 

SW480 cells, hindered migration and invasion by upregulating miR-384, which subsequently 

reduced the expression of Matrix Metalloproteinases 2, 3, 9, and 16 (Yao et al., 2019). 

Hispidulin, targeting PIM1 via inhibition of JAK2/STAT3 signaling, effectively curbed growth 

and metastasis in HT29 and SW480 colorectal cancer cells, and this effect extended to reducing 

colorectal cancer pulmonary metastasis in a xenograft animal model (Liu et al., 2018). 

Moreover, the flavonoid GL-V9 exhibited significant dose-dependent reductions in 

colon cancer cell migration, invasion, and adhesion in HCT116 and SW480 cells (Gu et al., 

2021). Astragalin, on the other hand, suppressed HCT116 cell migration by inhibiting the 
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expression of matrix metalloproteinases MMP-2 and MMP-9 (Yang et al., 2021). Another 

report suggests that the synergistic combination of naringenin and epicatechin effectively 

hindered cell migration and invasion in metastatic HCT116 and T84 cell lines (Dukel, 2023). 

These findings underscore the remarkable potential of flavonoids in impeding colon cancer 

metastasis, illuminating intricate molecular pathways that could pave the way for novel 

therapeutic strategies in combating this aggressive disease. 

4.3.4 Effect of DHF on the expression profile of CXCR4, E-cadherin and N-cadherin 

 

EMT plays a crucial role in the advancement and metastasis of various cancer types, including 

colon cancer. This process is characterized by the reduction in the presence of the epithelial 

cell junction protein E-cadherin, which leads to the destabilization of adherens junctions. In 

stage III colorectal cancer, a diminished expression of E-cadherin is linked to a poorer 

prognosis. EMT is also linked to the activation of genes encoding proteins like C-cadherin, 

which facilitate adhesion among mesenchymal cells (Vu and Datta, 2017). Furthermore, 

existing literature indicates that heightened levels of CXCR4 expression in colorectal cancer 

patients correlate with more advanced tumor stages and an elevated risk of both recurrence and 

distant metastasis (Goïta and Guenot, 2022). Therefore, to determine whether migration of 

HCT116 and SW480 cells on treatment with DHF and Kaempferol were associated with 

CXCR4, E-cadherin and N-cadherin, western blotting was performed. 

 

 
Fig. 4.6: (a) Expression profile of CXR4, E-cadherin, N-cadherin and GAPDH in HCT116 cell line, (b)Expression 

profile of CXR4, E-cadherin, N-cadherin and GAPDH in SW480 cell line 

In HCT116 cell line it has been observed that the expression of CXCR4 has been 

downregulated on treatment with 100 μM DHF, N-cadherin expression has also been 

downregulated on treatment with 100 μM DHF and also with 100 μM Kaempferol, whereas E 
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cadherin expression has been upregulated on treatment with 50 μM and 100 μM DHF, also 

treatment with 100 μM Kaempferol upregulated the expression of N-cadherin in HCT116 cells 

(Fig. 4.6 a). 

The expression of CXCR4 on treatment with DHF (50 μM and 100 μM) and 

Kaempferol 100 μM was downregulated in SW480 cells, the expression of N-cadherin was also 

downregulated on treatment with DHF and Kaempferol at about same concentration, while the 

expression of E-cadherin was upregulated on treatment with DHF and kaempferol (Fig 4.6 b). 

In SW480 cells, the results demonstrate a reduction in CXCR4 (Fig. 4.7 a) expression 

levels relative to GAPDH when treated with DHF at concentrations of 50 μM and 100 μM, as 

well as when treated with Kaempferol at 100 μM. It reveals a noteworthy increase in E-cadherin 

(Fig. 4.7 b) expression fold change upon treatment with 50 μM DHF, followed by an even 

greater 

 

 
Fig. 4.7: Fold change in protein expression with respect to GAPDH in (a) CXCR4 in SW480 cells, (b) E-Cadherin 

in SW480 cells, (c) N-Cadherin in SW480 cells, (d) CXCR4 in HCT116 cells, (e) E-Cadherin in HCT116 cells, 

(f) N-Cadherin in HCT116 cells 

 

increase with 100 μM DHF, and a similar effect with 100 μM Kaempferol. The data suggests 

that there is no substantial change in N-cadherin (Fig. 4.7 c) expression fold change when 

treated with 50 μM DHF. However, treatment with 100 μM DHF leads to a decrease in fold 

change, and the same pattern is observed with 100 μM Kaempferol treatment as well. In prior 

studies, it was observed that the introduction of exogenous miR-146a led to the suppression of 
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CXCR4 expression in SW480 cells. This suppression coincided with a decrease in the 

expression of genes associated with EMT and a subsequent reduction in the rate of cell 

migration (Afshar-Khamseh et al., 2021). Our finding also suggests that DHF is effective in 

inhibiting the migration rate of SW480 cells by downregulating the expression of N- cadherin 

and upregulating the expression of E-cadherin. 

In HCT116 cells, the expression fold change of CXCR4 relative to GAPDH remains 

relatively stable when treated with 50 μM DHF but decreases notably when treated with 100 

μM DHF (Fig. 4.7 d). However, there is no significant change in expression fold change when 

exposed to 100 μM Kaempferol. It reveals an increase in E-cadherin (Fig. 4.7 e) expression 

fold change relative to GAPDH upon treatment with 50 μM DHF, 100 μM DHF, and 100 μM 

Kaempferol. The result indicates a substantial decrease in C-cadherin (Fig. 4.7 f) expression 

fold change concerning GAPDH when treated with 100 μM DHF and 100 μM Kaempferol, 

with a slight decrease observed with 50 μM DHF treatment. Our findings imply that DHF 

hinders migration in HCT116 cells through the downregulation of CXCR4 and N-cadherin 

expression, while concurrently upregulating the expression of E-cadherin. It has been reported 

that colon cancer metastasis can be inhibited by silencing CXCR4 (Marchesi et al., 2004). Also, 

it has been reported that All-trans retinoic acid (ATRA) triggers the activation of E-Cadherin 

expression through promoter hypomethylation, enabling Sp1 binding to its recognition sites 

within human colon carcinoma HCT116 cells. Consequently, this process enhances cell-to-cell 

interactions, diminishes cell migration, and leads to the downregulation of Vimentin and 

Fibronectin levels in HCT116 cells (Woo and Jang, 2012). Demonstration of N-cadherin 

downregulation has revealed its ability to instigate cell cycle arrest, subsequently leading to 

apoptosis, as well as diminished invasiveness and reduced tumour formation (Li et al., 2010). 

The comparative analysis of expression fold changes in both cell types reveals a more 

pronounced downregulation of CXCR4 in SW480 cells compared to HCT116 cells. 

Additionally, the fold change indicating upregulation of E-cadherin is notably more significant 

in SW480 cells in contrast to HCT116 cells. Conversely, the fold change indicating 

downregulation of N-cadherin is more substantial in the case of HCT116 cells when compared 

to SW480 cells (Fig. 4.7). 

Therefore, these results indicate that DHF has a downregulating effect on CXCR4 and 

N-cadherin expression in both the cell lines. Whereas, DHF upregulates the expression of E- 

cadherin in both HCT116 and SW480 cells. Therefore, it could be concluded that DHF inhibits 
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the migration of HCT116 and SW480 cells by downregulating the expression of CXCR4 and 

N-cadherin while upregulating the expression of E-cadherin in a dose dependent manner. 

4.3.5 : Colony formation assay 

 

Apart from proliferation, the survival of cancer cell is also important. Therefore, to investigate 

the survival potential of HCT116 in presence of DHF and Kaempferol colony formation assay 

was performed. We performed colony formation assay only in HCT16 cells based on the cell 

proliferation and migration assay result which showed that HCT116 cells were more sensitive 

compared to SW480 cells. This assay is based on the ability of a single cell to grow into a 

colony. 

 

 
Fig. 4.8: Colony formation assay in HCT116 cells in presence of (a) Control (DMSO), (b) 50 μM DHF, (c) 100 

μM DHF, (d) 100 μM Kaempferol 

The ability of each cell to undergo unlimited division is tested in this assay (Franken et al., 

2006). The colony forming efficiency of HCT116 cells were analysed on treatment with DHF 

(50 and 100 μM) and Kaempferol (100 μM) with respect to control (DMSO 99.9%). It has been 

observed that the colony formation efficiency of HCT116 cells were significantly reduced in 

presence of 50 μM DHF (Fig. 4.8 b), 100 μM DHF (Fig. 4.8 c) and 100 μM Kaempferol (Fig 

4.8 d) compared to control (Fig. 4.8 a). The highest reduction in colony formation was observed 

in treatment with 100 μM DHF followed by 50 μM DHF and 100 μM Kaempferol. The result 

suggests that DHF reduces the colony formation efficacy of HCT116 cells thereby affecting its 

cell proliferation and might play important role in suppressing cell migration in HCT116 cells. 

It has been reported that the potent inhibitory effects of the methanolic extract derived from 

Eclipta alba on crucial aspects vital for cancer cell growth and proliferation. Specifically, this 

extract effectively hampers the ability of cancer cells to form colonies and impedes their 

migratory potential, crucial processes linked to metastasis. These inhibitory effects were 

notably observed in HCT116 cells (Nelson et al., 2020). Metastasis, a multifaceted 
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biological phenomenon involving cancer cell invasion and migration, stands as a prominent 

factor contributing to cancer-related mortality. Consequently, diverse research groups are 

diligently exploring potential drug candidates to inhibit metastasis, aiming to curtail tumour 

growth effectively (Khan et al., 2016). 

 

4.4 Conclusions 
 

In our study, it was observed that DHF does not exhibit cytotoxic effects on normal cells. In 

contrast, in colon cancer cell lines, DHF demonstrates a moderate impact, inducing cell death 

and inhibiting cell proliferation. Notably, DHF significantly impedes cell migration in colon 

cancer cell lines by upregulating E-cadherin expression and concomitantly downregulating 

CXCR4 and N-cadherin expression. Furthermore, DHF significantly diminishes the colony 

formation efficiency of HCT116 cells. These findings collectively underscore the potential of 

DHF as a promising therapeutic agent in the context of colon cancer treatment, showcasing its 

specific inhibitory effects on cancer cell proliferation, migration, and colony formation. 
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SUMMARY 

 

 
3,5-dihydroxy-7,4’- dimethoxyflavone (DHF) was isolated and purified from the mature leaves 

of Alpinia nigra. The absorption spectra of DHF, when subjected to a diverse array of organic 

solvents, divulged the presence of three distinct absorption bands localized at 270 nm, 330 nm, 

and 365 nm. However, DHF conspicuously exhibited an absence of appreciable absorption 

peaks in water, thereby depicting its poor water solubility and non-polar nature. The meticulous 

examination of DHF's solubility across a spectrum of pH conditions (ranging from 2 to 13) 

yielded profound insights. Within the ambit of acidic pH, DHF exhibited poor solubility. 

Contrarily, under the alkaline influence of pH 13, the compound exhibited its highest degree 

of solubility, a phenomenon accentuated by a significant red shift of the absorption peak from 

365 nm to a discernibly extended wavelength of 406 nm. Elucidating the compound's behaviour 

within surfactant micellar systems in relation to solubility and stability unveiled intriguing 

observations. DHF exhibited an enhanced solubility within all different (SDS, CTAB and T20) 

surfactant micelles across the pH (2-13) spectrum, surpassing its solubility levels in organic 

solvents. Nonetheless, in the presence of higher alkaline pH, DHF's stability was perturbed, 

leading to its degradation, even in the protective context of surfactant micelles. The 

fluorescence study of DHF shed light on its emission characteristics in differing environments. 

DHF exhibited weak fluorescence intensity within organic solvents and under alkaline pH 

conditions upon excitation at 365 nm. In contrast, a time-dependent fluorescence analysis of 

DHF within surfactant micellar systems, across various pH (2-13) conditions, unveiled a 

heightened fluorescence intensity. Notably, this enhancement was significantly pronounced 

when compared to both organic solvents and alkaline pH solutions, when excited at 365 nm. 

Remarkably, DHF exhibited highest fluorescence intensity in the presence of CTAB micelles 

at pH 9, particularly when excited at 425 nm. The objective of this study resided in increasing 

the understanding of DHF's chemical attributes, with the ultimate aspiration of harnessing its 

health-enhancing potential by averting susceptibility to environmental degradation. This study 

provides insights into better understanding of DHF solubility and stability. Further research 

along this path hold promise in not only shaping functional food products enriched with 

bioactive constituents but also in establishing the therapeutic properties inherently harboured 

by DHF. 

Furthermore, interaction between DHF and Hen Egg White Lysozyme (HEWL) 

aggregates, conducted under different pH conditions of 2, 5, and 12.2, has uncovered intriguing 
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revelations. At pH 2, DHF exhibited interaction with HEWL, notably manifesting an 

inclination to inhibit the progression of aggregate fibrillation. Conversely, under the conditions 

of pH 5, DHF's inhibitory influence was confined to a lack of efficacy against amorphous 

HEWL aggregates. Notably, at alkaline pH 12.2, DHF exhibited a mild hindrance of HEWL 

aggregates, indicating a partial attenuation of its functional attributes owing to potential 

degradation in the higher alkaline pH. Within the confines of the current investigation, DHF 

emerges as a potent suppressor of amyloid fibrillation within the HEWL aggregates at pH 2. 

Moreover, our findings suggest an intriguing facet: DHF appears potent with the capacity to 

modulate the fibrillation trajectory of the protein, steering it towards the formation of 

amorphous aggregates throughout the aggregation process. By shedding light on these intricate 

interactions, this study not only augments our comprehension of DHF's potential therapeutic 

applications but also furnishes a framework for the systematic exploration of novel compounds 

with inhibitory attributes. 

Lastly, the effect of DHF on colon cancer cells HCT116 and SW480 was studied by 

cell viability assays, cell proliferation assay, and migration assay and western blotting of 

specific proteins related to migration. The cell viability assay which was carried out by MTT 

revealed that DHF is not cytotoxic to normal HaCaT cells and HCT116 cells were more 

sensitive to DHF, while SW480 shows more sensitivity towards 5FU compared to HCT116. 

Cell proliferation by MTT assay revealed that inhibition in cell proliferation in both the cell 

lines HCT116 and SW480 cell on treatment with DHF was observed. HCT116 cells were more 

sensitive to DHF compared to SW480, while SW480 cells were more sensitive to 5FU 

compared to HCT116. HCT116 showed more sensitivity to kaempferol compared to 

SW480.Whereas, the cell death analysis of SW480 and HCT116 by PI and PI-Annexin using 

FACS revealed that there is no significant cell death in both the cell lines on treatment with 

DHF and kaempferol. The above results signified that DHF does not kill HCT116 and SW480 

cells, rather inhibited their proliferation. The migration assay revealed that significant 

suppression of migration in HCT116 and SW480 was observed in presence of DHF. DHF 

altered the expression of specific proteins E-cadherin, N-cadherin and CXCR4 playing pivotal 

role in the EMT pathway related to migration. 

Therefore, the present thesis work contributes a valuable perspective towards 

comprehending the inherent chemical characteristics, solubility dynamics, and stability 

attributes, all of which hold pivotal implications in the realm of efficacious drug carrier 

platforms tailored for precise and targeted drug delivery strategies. Moreover, the study delves 
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into the biological effects inherent to DHF, with the primary objective of unraveling its 

potential as a promising candidate within the domain of drug molecules. 

 
Future Prospects 

The primary objective of this research was to enhance our understanding of the chemical 

properties of the compound DHF, with the goal of preserving its health benefits by preventing 

degradation due to environmental factors. Through this study, valuable insights into DHF 

solubility and stability were gained. These findings pave the way for future investigations 

aimed at developing functional food products containing bioactive compounds, as well as 

exploring the therapeutic potential of DHF. 

One significant discovery in this study was DHF's ability to effectively inhibit the 

amyloid fibrillation of HEWL. Our results indicate that DHF can influence the aggregation 

process, redirecting the protein fibrillation pathway towards the formation of amorphous 

aggregates. This observation sheds light on the mechanisms through which DHF inhibits 

amyloid fibrillation and offers valuable guidelines for identifying novel inhibitors. 

Additionally, our research revealed that DHF treatment led to the inhibition of 

proliferation and reduced wound healing in HCT116 and SW480 cancer cells. Notably, DHF 

did not exhibit cytotoxic effects on normal HaCaT cells. While it was found to be non-cytotoxic 

against cancer cells, DHF demonstrated cytostatic properties by impeding the migration of 

cancer cells HCT116 and SW480. This ability to hinder cell migration is crucial in the context 

of metastatic tumours. Consequently, further investigations should delve into the underlying 

signaling mechanisms and therapeutic efficacy of DHF in in vivo mouse models. These findings 

offer promising prospects for developing interventions targeting cancer metastasis. 
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Cytometry in Biotechnology (2019) held during 13-16 March, 2019 at Indian Institute of 

Technology Guwahati. 

4. DBT Program Support Project sponsored Hands on Workshop on “Gene Expression and 

Function Analysis for Crop Improvement” (2018) held during 16-20 March, 2018 at 

Indian Institute of Technology Guwahati. 

5. International Symposium on Plant Biotechnology for Crop Improvement (2017), held 

during 20-21 january, 2017 Indian Institute of Technology Guwahati. 
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6. Indo-Japan Workshop on “Translational Agriculture- Avenues for International 

Cooperation” (2017) held 0n 29th March, 2017 at Indian Institute of Technology 

Guwahati. 

7. National Symposium on Pulses for Nutritional security and agricultural Sustainability 

(2017) held during 2-4 December, 2017 at ICAR-IIPR, Kanpur. 
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