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ABSTRACT 

1.1 Introduction: 

In the past decades, there is burgeoning interest in understanding the 

properties of systems that arise out of the interactions of biomolecules. 

Thus the importance of organized assemblies which act as biomimetic 

systems in biological and photophysical/photochemical processes, 

have been considerably recognized. Reactants confined in molecular 

assemblies such as micelles, reverse micelles, microemulsion and 

vesicles etc. offer a greater degree of organization compared to their 

geometries in homogeneous solution. They can mimic reactions in 

biosystems and also have great potential to act as a host system for 

several organic molecules which includes important drug molecules. 

Since the local properties e.g. polarity, viscosity, and pH in such a 

nanoenvironment are vastly different from those in a bulk medium, the 

structure, dynamics, and reactivity of biomolecules at an interface 

differ markedly from those observed in the bulk. Interestingly, most 

natural and biological processes occur at such interfaces or in confined 

systems, e.g., proteins, biomembranes, and vesicles. Therefore, 

chemistry, in organized assemblies, mimics the extremely efficient 

chemical processes occurring in the natural systems. The wide range of 

functions performed by biological membranes and membrane proteins 

have motivated the researchers to look for simple model systems that 

can mimic, at least in part, the physicochemical properties of the 

membrane architecture. Because of the widespread interest, the study 

of different kinds of organized assemblies has grown enormously over 

the last decade and it has become virtually impossible to summarize all 

the new results in a single article. 

Studies on the supramolecular interactions of drugs with various 

biological targets, are of immense importance for the perception of 

structural and functional features of biomacromolecules, so as to 

simulate the biophysical processes. This leads to a widespread interest 

in studying the spectroscopic and photophysical properties of 
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fluorescent molecules in different organized media for a better 

understanding of the solubilization site and interaction in true 

biological systems.  Therefore, we have undertaken entrapment of 

various fluorophores in different biomimetic systems and studied the 

photodynamical and photophysical behavior of those complexes. The 

various biomimetic systems studied in this thesis are bile salt 

aggregates, reverse micelles, liposome-bile salt aggregates, proteins 

and liposomes-proteins complex. We used two fluoroquinolone drug 

molecules namely Norfloxacin and Ofloxacin and an anticancer drug 

molecule namely Ellipticine and exploited their photophysical 

properties to understand their interaction with biological systems.    

1.2 Objectives:  

The objective of this thesis is to explore the interaction of drug 

molecules with different biomimetic systems, which would help in 

development of various drug delivery systems (DDS), for those drugs 

that are insoluble or poorly soluble in water. The present study would 

also help to increase the bioavailability of such poorly soluble drugs. 

For this purpose, we have selected two widely used Fluoroquinolone 

(Norfloxacin and Ofloxacin) and an anti cancer agent Ellipticine along 

with a membrane probe PRODAN and explored their entrapment, bio-

distribution, dynamics and photophysical properties with the help of  

steady state and time resolved fluorescence spectroscopy. Interestingly, 

fluoroquinolone molecules are well soluble in water while Ellipticine 

is sparingly soluble. All these drug molecules are reported to exist in 

different prototropic species in aqueous solution. Entrapment of these 

drugs into various biomimetic systems would help us to achieve the 

given objective. For the formulation of the facts to achieve the above 

goal following aims are clarified in this thesis: 

1.  How different prototropic species of Fluoroquinolone and 

Ellipticine bind with amphiphilic biosurfactants such as bile salts? 

How do conjugated and non-conjugated bile salts differ in 

interaction with Fluoroquinolone and Ellipticine? Do the bile salts 

act as multisite drug carrier because of their ability to hold the 
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cationic and neutral species of Ellipticine in hydrophilic and 

hydrophobic surface?    

2.  What would be the photophyscial behavior of Ellipticine inside 

aqueous and methanolic reverse micelles?  

3.   Since Ellipticine is poorly soluble in aqueous medium, so; we 

would like to see if a reasonable amount of Ellipticine could be 

encapsulated in different liposomes for a successful drug delivery. 

Then we would address if it is possible to release the encapsulated 

drug molecules by adding external bio-surfactant such as bile salts. 

We would also address whether the release of drug molecules 

depend on the nature of bile salts. 

4.  So far in the literature there is no study on binding of Ellipticine 

with protein albumin and globulin. Since Ellipticine exists in two 

prototropic species (neutral and cationic) we would like to know 

what would be the binding strategy of different prototropic species 

of Ellipticine towards those serum proteins. Do the experimental 

binding results corroborate with the theoretical study? We 

undertook the docking studies to answer this question.  

5.   As Ellipticine is entrapped in liposomes and binds with proteins, 

so; it can be used to unravel the liposome-protein interaction using 

Ellipticine as a probe molecule. Thus human serum albumin 

(HSA) and Ellipticine encapsulated liposomes of different phase 

transition temperatures were used to see the nature of interactions. 

Therefore, the obvious question to be addressed is that what kind 

of interaction takes place between liposomes and proteins? 

Whether it is electrostatic and hydrophobic in nature or both? 

What would be the fate of Ellipticine when HSA interacts with 

liposomes? Is it possible to transport this kind of drug molecules 

through HSA after removing from the liposomes? 

6.  How can we probe the interaction of serum albumin with 

conjugated and unconjugated liposomes differing widely in their 

phase transition temperatures using a membrane probe? 
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Summary of the Work Done  
 

(a) Photophysical and Photodynamical Study of Fluoroquinolones 

and Drug Molecules in Bile Salt Aggregates: 

Photophysical properties of two widely used antibiotic fluoroquinolone 

drugs, namely Norfloxcacin (NOR) and Ofloxacin (OFL) have been 

investigated in biomimicking environments formed by bile salts. We 

have chosen three bile salts namely Sodium deoxycholate (NaDC),  

Sodium taurocholate (NaTC) and Sodium glycodeoxycholate 

(NaGDC), to study the photophysics of Norfloxacin and Ofloxacin. 

Our experimental results demonstrate that, photophysical enhancement 

and fall of a particular prototropic species are sensitive to the 

excitation wavelength in bile salt aggregates. Excitation at shorter 

wavelengths (305 nm and 325 nm) reveals quenching of fluorescence 

of these fluroquinolones with addition of NaDC, NaTC and NaGDC. 

On the contrary, we observe a steady increase in the fluorescence 

intensity with a continuous red shift upon excitation at longer 

wavelengths (350 and 375 nm). We found that, with addition of bile 

salt at physiological pH (~ 7.40) the neutral and zwitterionic 

fluoroquinolone turns into cationic species. The cationic species which 

is formed from neutral or zwitterionic species in presence of bile salt, 

is selectively excited at longer wavelength and is entrapped by the 

hydrophilic face of bile salt. Consequently, the emission intensity 

increases upon excitation at longer wavelength. We found that, 

NaGDC and NaTC are more effective in converting neutral species 

into cationic species than NaDC, because NaGDC and NaTC possess 

conjugated head groups. On the other hand zwitterionic/neutral species 

which decrease with addition of bile salt, are excited at shorter 

wavelength and thus leads to quenching. The induced non-polarity 

upon addition of bile salt is also responsible for the observed 

quenching. And this is evident from the fact that quenching order is in 

accordance with hydrophobicity indices of bile salts. 
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(b) Dynamics of Prototropic Species of an Anticancer Drug 

Ellipticine in Bile Salt Aggregates of Different Head Groups and 

Hydrophobic Skeleton: A Photophysical Study to Probe Bile Salt as 

Multisite Drug Carrier: 

We investigated the entrapment of neutral and cationic species of an 

anticancer drug namely Ellipticine and its dynamic features in different 

bile salt aggregates for the first time using steady state and time-

resolved fluorescence spectroscopy. Because Ellipticine exists in two 

different prototropic forms in physiological condition, we performed a 

comparative photophysical and dynamical studies of these prototropic 

species in different bile salts varying their head groups and 

hydrophobic skeletons.  

Ellipticine shows two bands around 440 nm and 540 nm at 

physiological condition (pH~ 7.40). We assigned the bands at 440 and 

540 nm wavelengths to neutral and cationic species respectively. 

Addition of bile salts to aqueous solution of Ellipticine enhances the 

intensity at 540 nm as well as at 440 nm. The rise in intensity at 540 

nm indicates the binding of cationic species with bile salts head 

groups. On the other hand increase in intensity at 440 nm indicates that 

the neutral species are entrapped in the hydrophobic pocket of bile salt. 

We found that the initial interaction between Ellipticine and bile salt is 

governed by the electrostatic forces where cationic Ellipticine is 

anchored to the head groups of bile salts. This is evident from the plot 

of neutralcationic φφ as a function of concentration of different bile salts. It 

is revealed that neutralcationic φφ initially increases, reaches a maximum 

and then decreases for all the bile salts except NaTC. The rise in 

neutralcationic φφ  signifies that a strong interaction between Ellipticine 

and bile salt is dominated by electrostatic forces where the cationic 

Ellipticine species are anchored to the negatively charged head groups 

of bile salts. Bile salts of conjugated head groups were found to be 

better candidates to capture the cationic species as compared to the bile 

salts having non-conjugated head groups. The hydrophobic interaction 
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dominates at higher concentration of bile salt due to formation of 

aggregates which results in entrapment of neutral Ellipticine in the 

hydrophobic cavity of aggregates. The neutral species of the drug 

molecules were found to be partitioned according to the 

hydrophobicity indices of bile salts. Cationic Ellipticine exhibits a 

faster rotational relaxation in the tri-hydroxy bile salt aggregates than 

in di-hydroxy bile salts. We interpreted this observation by the fact that 

tri-hydroxy bile salt hold more number of water molecules in their 

hydrophilic surface offering a less viscous environment for Ellipticine 

compared to di-hydroxy bile salts. 

(c) Fate of anticancer drug Ellipticine in reverse micelles in aqueous 

and methanolic environment: a photophysical approach: 

The present investigation explored a detailed photophysics of 

Ellipticine in AOT reverse micelle using steady state and time resolved 

spectroscopy. Steady state absorption and emission spectra indicates 

that Ellipticines are entrapped as a cationic species in AOT/hexane 

system. We found that two contradictory phenomena take place upon 

addition of water and methanol to AOT/hydrocarbon system.  Increase 

in water content in reverse micelles, entraps more number of cationic 

species while increase in methanol content causes switch over of 

cationic Ellipticine to a neutral species. The absorbance was found to 

increase further with at 352 and 425 nm bands with increase in water 

content. The increment in the absorbance at 425 nm confirms that 

neutral Ellipticine molecules are converted into the cationic species 

because this band has a close resemblance with the excitation spectra 

in acidic condition (pH~2). On the other hand, we found a decrement 

in absorbance at 425 nm when methanol is added to  

AOT/hydrocarbon system and thus cationic species are converted into 

neutral.  The conversion of neutral species into the cationic species 

with increment in water content and reverse phenomenon with 

increment of methanol content are also confirmed by emission spectra.  

In hexane, the emission maximum appears at 385 nm. With addition of 

0.1 M AOT to this solution the emission band shifts to 500 nm. With 
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increase in the water content, the emission spectra are found to be red 

shifted followed by a decrease in the quantum yield.  On the other 

hand, the emission intensity at 500 nm decreases and increases at 425 

nm with increase in methanol content. The observation suggests that 

cationic species are converted into the neutral species with increase 

methanol in content. Interestingly, even at highest methanol content, 

any solvent assisted proton transfer was not observed. This fact is 

attributed to the lack of bulk methanol in an AOT/hydrocarbon/ 

methanol system. Moreover, methanol mostly binds to AOT head 

group region. Therefore, these methanol molecules are unable to 

donate a proton to Ellipticine as well as do not facilitate solvent 

assisted proton transfer. This fact is responsible for the observed 

decrease in fluorescence at longer wavelength in AOT/hydrocarbon/ 

methanol system. 

(d) Photophysical and photodynamical study of Ellipticine: an 

anticancer drug molecule in bile salt modulated in vitro created 

liposome: 

 We studied entrapment of anticancer drug Ellipticine in 1,2-

dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) liposome and its 

release by addition of three different bile salts namely Sodium 

deoxycholate, cholate and taurocholate. It was revealed from this study 

that Ellipticine is entrapped in the liposome in a substantial amount. 

The partition coefficient ( pK ) of Ellipticine in lipid phase calculated 

from steady state and time resolved measurement was found to be 4 × 

104 and this implies that more 90% drug molecules are captured in 

liposomes.  Addition of bile salt causes a quenching at 435 nm while 

there is an increase at 540 nm implying that drug molecules are 

released from liposomes. We found that the degree of release of the 

drug from liposome depends on the degree of penetration of bile salts. 

Among the three bile salts, deoxycholate was most effective in 

releasing the drug from hydrocarbon core of liposome because of its 

highest insertion ability owing to its maximum hydrophobicity. The 

possible reasons for the decrease in intensity could be due to the 
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removal of drug molecules from liposomes as well as the change in the 

fluidity of liposome due to the insertion of bile salt. Bile salts hydrate 

the hydrocarbon core of liposome by carrying hydrogen bonded water 

and cause expulsion of drug molecules. Since penetration of 

deoxycholate is higher as compared to other bile salt, so; this causes 

maximum quenching. The time resolved studies revealed that after 

expulsion from the liposome, Ellipticine molecules were entrapped in 

interfacial region of liposomes by electrostatic interaction. This led to 

an increase in the shorter lifetime component. On the other hand the 

longer lifetime component decreased due to wetness of the liposome as 

well as increase in fluidity.   

(e) Interaction of anticancer agent Ellipticine with major transport 

proteins in their native and denatured states: 

Study of interaction of Ellipticine with various transport protein is 

essential to gain insight upon solubility and transport of Ellipticine in 

physiological conditions. Interactions of Ellipticine with two 

prominent serum proteins i.e. Human Serum Albumin (HSA) and 

Immunoglobulin G (IgG) in their native and denatured states have been 

studied by molecular docking, circular dichroism (CD), steady state 

and time resolved fluorescence spectroscopy. From ANS and Warfarin 

displacement experiments it was confirmed that Ellipticine binds with 

sudlow site II of HSA. The binding constant was found to be around 

2.5 × 105 M-1. We observed a weak energy transfer between tryptophan 

214 and Ellipticine leading to apparent distance of 31 Å between 

Trp214 and Ellipticine. This experimental finding corroborates well 

with the docking study which also substantiate the fact that Ellipticine 

binds with Sudlow site II of HSA. In the time resolved study, the 

average life time of neutral species of Ellipticine increases and very 

long component is generated which also confirm that neutral species 

are entrapped in the hydrophobic pocket of HSA. 

Unlike HSA, IgG does not bind with the neutral species in its native 

state while it binds appreciably with cationic Ellipticine. The fact 

implies that the hydrophobic pocket of IgG is inaccessible in its native 
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state. However, in the denatured state of IgG, we observe a significant 

increase in binding of neutral species. This fact indicates that the 

hydrophobic pockets of IgG are exposed upon heat and acid 

denaturation. Molecular docking experiment proves that Ellipticine 

binds with Fab and Fc sites to different extent. The lifetime 

measurements reveal that there are two components with shorter and 

longer lifetime. The species with increasing longer lifetime has been 

assigned as IgG bound species whose population increases with 

increase in IgG concentration. From CD measurements it is evident 

that Ellipticine interact with both the proteins in their native and 

denatured states. Upon interaction with HSA in denatured state 

Ellipticine help in resuming α-helical content. Similarly in IgG after 

addition of Ellipticine to denatured protein reduction in percentage of 

random coils was observed. So; we can infer that Ellipticine help in 

stabilization of both the proteins. Thus binding of Ellipticine with two 

major proteins may help in increasing the bioavailability of this 

sparingly water soluble drug.   

(f) The fate of anticancer drug, Ellipticine in DPPC and DMPC 

liposomes upon interaction with HSA: A photophysical approach:  

Interaction of human serum albumin (HSA) with two liposomes 

namely  and 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and 

1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) has been 

probed by anticancer drug Ellipticine using steady state and time 

resolved fluorescence spectroscopy. The entrapment of drug molecules 

in liposomes was confirmed by estimating partition coefficients. The 

values of partition coefficient are 1.1 × 104 and 2.1 × 104 for DPPC and 

DMPC respectively. The higher value of partition coefficient in DMPC 

is due to its lower phase transition temperature. It was observed that 

HSA penetrates into the liposomes through hydrophobic interaction 

which reduces the packing order of the lipid bilayer and leads to a 

quenching in fluorescence intensity of Ellipticine. Since DPPC is more 

hydrophobic than DMPC due to longer aliphatic chain in DPPC, so; 

HSA penetrates more into DPPC which results in higher quenching in 
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DPPC (kq = 3.580 × 1011  M-1S-1) compared to that in DMPC (kq = 

1.210 × 1011 M-1S-1). Moreover, DPPC is less prehydrated due to its 

higher phase transition temperature (42º C) as compared to that of 

DMPC (23º C) at room temperature. Therefore, HSA exhibits more 

affinity towards DPPC than it does towards DMPC. The time resolved 

fluorescence measurements revealed that penetration of HSA into 

liposomes results in release of Ellipticine from the liposome which is 

followed by a migration to the hydrophobic pocket of HSA. We plotted 

the shorter component (τ1) and the longer component (τ2) of Ellipticine 

in native HSA and in liposomes as a function of concentration of HSA. 

It is revealed that there is a break point at around 1 μM HSA 

concentration which indicates that Ellipticine molecules are migrated 

to the hydrophobic pocket of HSA from liposomes. We found an 

increment in rotational relaxation time with incorporation of HSA and 

this suggests the penetrative interaction as well as formation of a 

bigger complex. 

(g) Interaction of human serum albumin with liposomes of saturated 

and unsaturated lipids with different phase transition temperatures: 

a spectroscopic investigation by membrane probe PRODAN: 

The interaction of HSA with liposomes made of saturated and 

unsaturated phosphocholines having distinctly different phase 

transition temperatures has been studied using membrane probe 

PRODAN (6-Propionyl-2-Dimethylaminonaphthalene). We used 

DPPC, DMPC as saturated lipids and 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC), 2-oleoyl-1-palmitoyl-sn-glycero-3-

phosphocholine (POPC) as unsaturated lipids to prepare liposomes. 

DPPC and DMPC possess saturated carbon chains with phase 

transition temperature around 420 C and 230 C respectively. On the 

other hand DOPC and POPC have the phase transition temperature 

around -200 C and -20 C respectively. The partition coefficient is least 

for DPPC and highest for DMPC. Addition of HSA to PRODAN 

impregnated liposomes causes a quenching in the fluorescence 

intensity of PRODAN. The continuous decrease in the intensity with 
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addition of HSA to PRODAN impregnated liposomes indicates that 

HSA interacts with the liposomes. We plotted φφ0  as a function of 

concentration of HSA in different liposomes. Maximum quenching 

takes place in DPPC liposome and minimum in DOPC and POPC 

liposomes. The quenching can be rationalized by the fact that HSA 

partially penetrates in the liposomes due to hydrophobic interaction 

and destabilizes the packing order of lipid bilayer leading to leakage of 

the probe molecules from the liposome. It was found that HSA 

preferably penetrates into the liposomes, which are less prehydrated at 

room temperature. Thus penetration is higher in DPPC and DMPC 

liposomes as these liposomes are less prehydrated due to higher phase 

temperature. On the other hand HSA has less penetration in DOPC and 

POPC liposomes because these liposomes are more hydrated owing to 

lower phase transition temperature. The time resolved fluorescence 

measurements revealed the change in lifetime component particularly 

longer component takes place in the decreasing order of phase 

transition temperatures. The change in the amplitudes indicates that 

penetration of HSA into liposomes brings in release of PRODAN 

molecules. Incorporation of HSA in all the liposomes results in 

significant increase in the rotational relaxation time of PRODAN. This 

fact confirms that HSA penetrates into the liposome and forms bigger 

complex.  
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Chapter 1 

Introduction to biologically relevant organized 

assemblies: An overview of various biomimetic 

systems 

1.1. Introduction:  

 

There are various organized assemblies of biological relevance. Self 

organization is a process by which several components of a system 

interact and become ordered in space. This is a process of construction 

“in which atoms, molecules, aggregates of molecules and components 

arrange themselves in ordered fashion. After self organization the 

whole system has characteristic that differ qualitatively from those of 

component parts [1,2]. There is increasing interest in understanding 

the properties of the systems that arise out of the interactions of 

biomolecules. Understanding the principles underlying self-

organization in biology will require a biomimetic system i.e. self-

assembly mimicking biology. “Biomimetics is the study of biological 

structures, their function, and their synthetic pathways, in order to 

stimulate and develop these ideas into synthetic systems similar to 

those found in biological systems [3,4].” Therefore in the present 

thesis entrapment of various fluorophore drugs in different biomimetic 

systems and the photophysical behavior of those complexes were 

studied. The brief description of various biomimetic systems related to 

this thesis are given below. 

 

1.2 . Description of various biomimetic system: 

1.2.1. Micelles:  

Surfactant molecules, which are made up of polar, ionic, or nonionic 

head groups and extended apolar, organic residues, in aqueous solution 

self-assemble to form spherical or non spherical aggregates commonly 

known as micelles, at concentrations above the so-called critical 
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micelle concentration (CMC) and specific temperature known as Kraft 

temperature [5,6]. The criterion to form micelle is the amphiphilicity, 

i.e., presence of both polar and non polar group in the same molecule. 

A typical micelle in aqueous solution forms an aggregate with the 

hydrophilic "head" regions in contact with surrounding solvent, 

sequestering the hydrophobic single-tail regions in the micelle centre 

[7,8]. In aqueous solution these monomers aggregates in such a way 

that hydrophobic groups are removed from water and forms the dry 

core of the micelles. The hydrophilic part remains in water. The dry 

‘core’ of the micelles is surrounded by the polar ‘Stern’ layer for ionic 

micelles and ‘palisade’ layer for neutral micelles. The polar 

headgroups, bound counterions and water molecules are present in this 

layer. A diffusive layer exists between Stern (or palisade) layer and 

bulk water, called Guoy-Chapman (GC) layer containing free counter 

ions and bound water molecules. Conventional micelles are fluid 

aggregates of surfactants with shape and size decided by packing of 

individual surfactant [9].  

These micelles are stabilized by hydrophobic forces and head group 

repulsion (electrostatic and steric) [10,11,12].  The study of 

photophysical properties, such as fluorescence excitation and emission 

spectra, their shifts and excited states lifetimes of probe has provided 

significant information on the micellar structure at molecular level 

[13,14]. Critical micellar concentration (CMC) is one of the most 

thoroughly studied properties in the micellization process [15,16,17]. 

Micelles are spherical or nearly spherical in structure. The size of the 

micellar aggregates is usually 1-10 nm and the aggregation number, 

i.e., the number of surfactant molecules per micelles, ranges from 20 to 

200. The thickness of the Stern layer is 6-9 Å for cationic and anionic 

sodium micelles. For neutral micelles the Palisade layer is about 20 Å 

thick and radius of dry hydrophobic core is 25-27 Å. Thus cationic and 

anionic micelles overall radii are 50 Å and 30 Å, respectively 

[18,19,20]. In biological system, bile salts are important surfactants 

from the chemical and biological point of view. 
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Figure 1.1. Structure of micelle 

 

1.2.2. Bile salt aggregates:  

Bile salts are available in the bile. They are biosynthesized from 

cholesterol in the liver and stored in the gall bladder. Bile salts are the 

main products of cholesterol metabolism and, biologically, the most 

important detergent-like molecules commonly known as biosurfactant 

[21,22,]. They are amphipathic molecules, possessing hydrophobic and 

hydrophilic regions. Bile salts posses a large, rigid, and planar 

hydrophobic moiety of a steroid nucleus with two or three hydroxyl 

groups on α face and a short aliphatic side chain on  face. Unlike 

other small molecules, bile salts are noticeably assorted in structural 

sense. Bile salts usually differ in three respects: (i) side chain structure 

(ii) stereochemistry of rings (iii) the distribution and number of 

hydroxyl groups in the steroid nucleus. They are surface active 

molecules and in aqueous environments bile salts self associate to form 

aggregates which are commonly known as micelles depending on the 

number and position of the hydroxyl groups, concentration, pH, ionic 

strength, etc. [23,24]. According to Bohne and co-workers, they 

accommodate various kind of guest within these aggregates. Small 

changes such as the introduction of short alkyl chains or the inclusion 

of hydroxyl groups can lead to significant changes in the accessibility 
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of guest to the aggregate as well as changes in the residence time of the 

guest inside the aggregate [25,26,]. The facial amphiphilicity enables 

them to aggregate in aqueous media. Aggregation is largely driven by 

hydrophobic association of apolar  faces of steroid backbone, whereas 

further aggregation occurs by hydrogen bonding interactions. 

Pegylated bile acids can form spherical aggregates that are capable of 

encapsulating hydrophobic compounds in aqueous solutions, 

encapsulation efficiency depends on the length and number of attached 

PEG chains [27]. Bile salts are more adaptable than rigid host systems 

and therefore capable of solubilizing photo chromic compounds with 

very low solubility [28].  

 

Their amphiphilic nature and unique aggregation pattern, account for 

their solubilization of both hydrophobic and hydrophilic solutes. They 

have a remarkable ability to transform lamellar arrays of lipids into 

mixed micelles [29].  They transport lipid by solubilization and have 

secretory and regulatory properties. They operate as steroidal 

detergents, which together with lipids/fats/cholesterol form mixed 

micelles in the intestine to enable fat digestion and absorption through 

the intestinal wall [30]. The exceptional properties of bile salts have 

recommended for taking advantage of these properties for 

pharmaceutical application [31]. According to Miranda and co-

workers, within the available hydrophobic microenvironments, 

steroidal framework of bile salts constitutes a promising strategy to 

introduce a drug or any flourescent probe within primary and 

secondary cholic acid aggregates [32,33,34,]. Bile salts help in 

solubilization and absorption of various insoluble drugs. Bile salts also 

affect the drug absorption either by involving membrane permeability 

or by altering normal gastric emptying rates. Bile salts–drug mixed 

micelles can be used in formulations for liver associated problems and 

also as cholesterol depressing agents [35,36,37,38,39]. Drugs have 

been associated with bile acids ensuring improved absorption from the 

intestine of poorly absorbed or non-absorbed drug combined with 

increased metabolic stability and extended period of influence [40,41]. 
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Figure 1.2. Cartoon representation of bile salt  

 

1.2.3. Reverse Micelles:  

Reverse micelles are one of the most interesting models for 

biomembranes among the different organized media. These are formed 

by the aggregation of the surfactant molecules in non-polar solvents. In 

water containing reverse micelle the surfactant molecules are pointing 

with their hydrophilic head groups towards the micellar water core, 

with their tails dissolved in the oil, so that the surfactant forms a soft 

shell that separates both liquids [42,43,44]. Often used as templates for 

nanoparticles and as microreactor for heterogeneous chemistry 

[45,46]. Depending upon the use of co-solvents (water or polar organic 

solvents) the reverse micelles are termed as aqueous or non aqueous 

reverse micelles [47,48,49]. For a given surfactant concentration the 

size of the water core increases linearly with increasing water content 

[50]. In biological systems sometimes, water is trapped between 

biomolecules in small pores and nearly all of the water is in contact 

with a surface. In this case, water might be expected to behave quite 

differently than bulk water since almost all water molecules are in 

contact with a surface. The presence of the interface plays an important 

role in the dynamics of all the confined water. To understand the 

transition between the mostly bulk and interfacial regimes, it is useful 

to explore a model system that can be tuned through this entire range 

[51,52,53]. So; for the study of the confined water, the reverse 

micelles offer the information about the important parameters like the 

degree of confinement and probably also the hardness of the 
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confinement [54]. Reverse micelles formed by anionic surfactant AOT 

(sodium bis [ethylhexyl] sulfosuccinate) has proven to be a very useful 

model system for studying confined water and water near an interface. 

AOT is a surfactant that has an anionic sulfonate head group and 

sodium counter ion, which preferentially partition into the aqueous 

phase and branched, bulky alkyl tails that prefer a nonpolar phase. 

AOT forms well characterized, reverse micelles (spherical water pools) 

over a wide range of sizes with water nanopools ranging from radii of 

less than 1 nm up to tens of nanometers. AOT solubilizes 

approximately 50 water molecules per molecule of surfactant. Reverse 

micelles can be characterized by the parameter w0, the number of water 

molecules per surfactant molecule,          

w0 = [H2O] / [AOT]. 

Where w0 is defined as water/surfactant molar ratio. The structure of 

AOT reverse micelle was determined by dynamic light scattering, 

small angle neutron scattering, ultrasound velocity measurement and 

FT-IR studies. There exist three types of water molecules in reverse 

micelles which is proved using FT-IR spectroscopy. The water 

molecules near the polar head group of the surfactant are called bound 

water. The free water molecules are near the central region of the water 

pool and the trapped water molecules are between the surfactants [55]. 

All the water molecules in a microemulsion, except the approximately 

six most tightly held freezes at –50
0 
C [56]. 

Apart from water, confinement of other polar solvents, such as 

acetonitrile, alcohol [57,58], formamide, dimethylformamide, ethylene 

glycol [58,59,60] etc. have been reported in AOT reverse micelles. 

Costa and co-workers characterized the glycerol reverse micelles 

[60,61] and recently Levinger and co-workers proposed that 

methanol/AOT/ hydrocarbon system are continous system [62]. 

Several nonionic or neutral surfactants, e.g., Triton X-100 and poly 

(oxyethylene) lauryl ether (Brij-30) have also been reported to form 

reverse micelles in pure and mixed hydrocarbon solvents [63,64].  
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Figure 1.3. Structure of reverse micelle 

 

1.2.4. Liposomes:  

Biomimetic liposomes are self-assembling structures in a lipid 

dispersion in water and a useful tool for drug delivery. They are used 

as a container for the storage, transfer, and controllable release of 

agents [65]. Bangham et al. for the first time prepared liposomes [66].
 

Liposomes are composed of natural or synthetic lipids which form a 

spherical self closed aqueous core having one or more lipid layers 

[67,68]. Lipid is the predominant building block of biological 

membranes, as well as liposomes. Liposomes composed of natural 

phospholipids are biologically inert and weakly immunogenic, and 

they possess low intrinsic toxicity [69,70,71]. Liposomes serve as 

model systems for cell membranes and help in the study of basic 

mechanism and function of membranes, liposomes display some 

unique pharmacokinetic characteristics [72]. Some pioneer workers 

established that liposomes could entrap drugs and be used as drug 

delivery system [73,74]. They have been investigated for many years 

as parenteral drug carrier systems, particularly for the selective 

delivery of anticancer, antibiotic and antifungal agents. It is also 

accomplished that liposomes could change the in vivo distribution of 

entrapped drugs [75,76]. Their significance lies in their composition, 

which makes them biocompatible and biodegradable [65,66]. 
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Liposomes are also evaluated as a potential vehicle for the oral 

delivery of bioactive proteins [77]. Phospholipid vesicles are also used 

in encapsulation and controlled release of pharmaceuticals [78,79], 

cosmetics [80], and food production [81,82]. Recently, liposomes have 

been used to deliver flavors and nutrients within foods [83] and have 

also been investigated for their ability to incorporate food 

antimicrobials [84]. Liposomes can be classified according to their 

size, as SUV, LUV and MLV which mainly depends upon the 

preparation method[85].  

(i) The small unilamellar vesicles (SUV) size ranges from 0.03 – 0.2 

µm. 

(ii) The large unilamellar vesicles (LUV) size is greater than 0.5 µm. 

(iii) The multi lamellar vesicle (MLV) size range is from 1- 3 µm.   

Altering the content of the liposome bilayer, in particular by 

incorporation of cholesterol was shown to ‘tighten’ fluid bilayers and 

reduce the leakage of contents from liposomes [86,87]. Insertion of 

cholesterol also changes the fluidity of bilayer [88,89]. pH-sensitive 

liposomes, provides a significant mechanisms that can mediate 

delivery of the liposomal contents into the cytosol within endocytic 

compartments, after release from vesicle [90]. Physical characteristics 

of drugs make them amenable to retention in liposomes and help in 

controlling the release rate of entrapped substances [91,92]. Similar to 

biological membranes, model membranes such as liposomes have low 

permeability to hydrophilic drugs and high permeability to 

hydrophobic drugs [93,94]. Hof and coworkers used various 

fluorescent probes within the lipid bilayer for studying solvation and 

photophysical properties of these probes within model membranes 

[95,96,97,98]. The addition of an adequate amount of biosurfactants 

can solubilize vesicles and terminate their roles as drug carriers 

causing release of entrapped drug [99]. Bile salts are the popular 

biosurfactant known for solubilization and disintegration of vesicles in 

to mixed micellar structures. Slolubilization of liposomes by bile salts 

is three step process [100,101,102]. 
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(i) First is vesicular stage when the concentration of surfactant is 

low and surfactant is partitioned between aqueous solution and 

lipid bilayer.  

(ii) When the concentration of surfactant is further increased, vesicle 

micelle co-exist and solubilization starts taking place.  

(iii) In the last stage surfactants are at their CMC and disrupt the 

bilayer into mixed micelles. Thus complete solubilization of 

vesicle takes place.
 
 

 

At physiological concentrations, the bile present in the gallbladder, bile 

ducts, and intestinal lumens are associated with phospholipids and 

cholesterol in mixed micellar structures [103].    

Plasma components also influence the role of liposomes as drug 

carrier. It has been found that plasma proteins partially penetrate and 

deform the lipid bilayer [104,105]. Interaction of blood proteins with 

phospholipid vesicles have been studied by various workers 

[106,107,108, 109]. Plasma proteins Human Serum Albumin (HSA) 

and Immunoglobulin G (IgG) are found to cause vesicle leakage and 

release of entrapped drug. Castanho and co-workers had studied 

interaction of vesicles with different peptide and proteins 

[110,111,112,113,114]. 

 

 

 

 

 

 

Figure 1.4. Structure of liposome 

 

Hydrophillic Head 
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1.2.5. Proteins:  

Various proteins are found in plasma, major proteins of   blood plasma 

are albumin and globulin. The normal serum protein level is 6 to 8 

g/dl. Albumin makes up 3.5 to 5.0 g/dl, and the remainder is the total 

globulins [115]. Albumin is the most abundant protein in human 

plasma about 600 µM [116,117]. Albumin, which is synthesized in the 

liver, is a soluble, monomeric, globular protein [118]. HSA has an 

exceptional binding capacity for a wide variety of hydrophobic ligands 

and plays a key role in the transport of fatty acids, amino acids, metals 

such as Cu
2+

 and Zn
2+

, metabolites such as bilirubin, and 

pharmaceutical drug compounds [119]. Human serum albumin (HSA) 

is circulating in plasma and it’s also a major component of most 

extracellular fluids, including interstitial fluid and lymph [120]. Its 

diverse functions include maintenance of colloid osmotic pressure and 

sequestration of toxins and oxidants [121,122,123]. The protein binds 

a wide variety of endogenous and exogenous ligands in multiple 

binding sites. The most essential physiological role of the HSA carrier 

protein is therefore thought to be the transport of such water-insoluble 

solutes and various drugs in the bloodstream to target organs such as 

the liver, intestine, kidney, and brain [124]. Crystal structure of HSA 

was reveled by Carter and co-workers in 1992 [125]. The molecular 

weight of HSA is about 66 kDa, it consist of single polypeptide of 585 

amino acid residue. Its amino acid sequence consist of 1 tryptophan 

(Trp214), 18 tyrosine, 6 methionines, 17 disulphide bridges, and only 

one free thiol (Cys 34). The unglycosylated protein is composed of 

three structurally similar, though asymmetrical, repeating domains-I 

(residues 1-195), II (196-383), and III (384-585)-each of which are 

divided into two subdomains, A and B. This series of six helical 

subdomains assembles to form a heart-shaped molecule. Each domain 

posses common structural motifs. Domains I and II are almost 

perpendicular to each other in which the tail of subdomain IIA is 

attached to the interface region between subdomains IA and IB by 

hydrophobic interactions and hydrogen bonds. Conversely, domain III 

projects out from subdomain IIB at a 45º angle to form a Y-shaped 
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configuration for domains II and III. Thus, domain III only interacts 

with subdomain IIB. The HSA protein has been found to be very 

flexible in different conditions and can easily change its shape when 

participating in binding interactions due to the relative motions of the 

domain structures. The relative arrangements of the three domains are 

largely changed when fatty acid chains bind to the protein. During 

complex formation, the domains largely retain their conformation; 

however, the two C-terminal helices in domain III move toward the 

outside of the molecule.  

The main regions of ligand interaction are located in hydrophobic 

pockets at sub domain IIA and IIIA [114,126,127,128]. X-rays have 

revealed sites for several endogenous and several exogenous ligands. 

Two distinct primary drug binding sites, Sudlow’s drug sites I and II, 

are identified and characterized for their ability to reversibly bind 

drugs such as warfarin and phenylbutazone. Many ligands bind 

specifically either to subdomain IIA (Sudlow site I) or to subdomain 

IIIA (Sudlow site II) of HSA [129,130]. Various ligands are 

transported to different tissues by binding at either of the sites. 

Generally, HSA has a greater affinity for small, negatively charged 

hydrophobic molecules. Evidence has shown that HSA contains six 

dominant areas of ligand association. There are two high affinity 

binding sites for small heterocyclic or aromatic compounds (located on 

subdomains IIA and IIIA). At similar positions in their structures, 

subdomains IIA and IIIA contain deep pockets lined with hydrophobic 

side chains. The entrance to the pocket in both IIA and IIIA is 

surrounded by positively charged amino acid residues. Residues Trp 

214, Lys 199, and Tyr 411 are strategically located in the hydrophobic 

pockets of IIA and IIIA and are supposed to be crucial to the binding 

process.  Each HSA molecule can carry up to seven fatty acid 

molecules. Subdomains IIA and IIIA are the locations for the primary 

fatty-acid and bilirubin-binding sites. On subdomains IB and IIIB two 

to three dominant long-chain fatty acid binding sites are located, and 

two distinct metal-binding sites, one involving Cys-34 and the other on 
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the N terminus. The crystal structure of HSA shows that domains II 

and III share a common interface, therefore ligands bound to domain 

III affect conformational changes and binding affinities in domain II. 

Unlike IIA and IIIA, subdomain IA does not have a pocket near its 

hydrophobic core thus IA is not an active ligand binding site. Crystal 

structures with compounds bound in drug sites I and II, such as 

warfarin and phenylbutazone are particularly useful for our current 

studies [117,131,132,133,134,135,136]. Albumin binding may be 

desirable in helping to solubilize drugs that would otherwise aggregate 

and be poorly distributed.   

 

 

 

 

 

 

Figure 1.5.  Structure of Human Serum Albumin. 

 

Along with albumins the major components of serum proteins also 

include globulins. Globulin constitute about 36% of plasma proteins. 

The serum globulins are classified as ,  and  globulins, and  

Globulins are major among these and play crucial role in defense 

mechanism and are commonly known as immunoglobulin [115]. 

Immunoglobulins are glycoprotein molecules that are produced by 

plasma cells in response to an immunogen and which function as 

antibodies [137]. This is the second most copious circulating protein 

and contains long-standing defensive antibodies against several 

infectious agents. Each immunoglobulin actually binds to a specific 

antigenic determinant. Antigen binding by antibodies is the primary 

function of antibodies and can result in protection of the host 

[115,116,117].  Immunoglobulins comprise of five major classes: 

immunoglobulin G (IgG), IgA, IgM, IgD and IgE. Each is composed 
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of two identical heavy chains (H) and two identical light chains (L). 

The main immunoglobulin (Ig) in human blood is IgG. IgG molecular 

weight is about 150 kDa two heavy chains (50 kDa), and two light 

chains (25 kDa). The serene of four polypeptide chains, two heavy and 

two light are cross linked by disulphide bonds in to the Y-shaped 

structure. The two heavy chains are held together by inter-chain 

disulfide bonds and by non-covalent interactions. The number of inter-

chain disulfide bonds varies among different immunoglobulin 

molecules. Within each of the polypeptide chains there are also intra-

chain disulfide bonds. Amino acid sequence of both heavy and light 

chains of an IgG characterizes two distinct regions of the chains based 

on variability of the amino acid sequence, known as ‘variable’ (V) and 

‘constant’ (C) regions. Variable and constant region of light chains are 

designated as VL and CL respectively. Similarly, heavy chains are 

denoted as VH and VL. The amino acid sequence of the variable 

region forms the N-terminal ends of the chains and determine antigenic 

specificity of the IgG. Constant regions are the same for each specific 

class of IgG and carry the effector sites. The variable region makes up 

half of the entire light chain and the constant region the remaining half. 

the variable region makes up a quarter of the entire heavy chain while 

¾ of the remaining chain is the constant region [138,139,140,141]. 

The hinge region is the area of the IgG where the arms of the antibody 

form a ‘Y’. This is the region that links the two important regions of 

IgG i.e. Fc and Fab portions. Hinge region allows independent 

movement of the two Fab arms, it is a flexible region. The two arms of 

the Y end in regions that vary between different antibody molecules, 

the V regions. The amino-terminal variable or V domains of the heavy 

and light chains (VH and VL, respectively) together make up the V 

region of the antibody and confer on it the ability to bind specific 

antigen, These are involved in antigen binding, whereas the stem of the 

Y, or the C region, is far less variable and is the part that interacts with 

effector cells and molecules. While the constant domains (C domains) 

of the heavy and light chains (CH and CL, respectively) make up the C 

region. Carbohydrates are attached to the CH2 domain lying between 
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the 2 H chains in most immunoglobulins. However, in some cases 

carbohydrates may also be attached at other locations[142,143,144].  

 This Y-shaped structure is characterized by three fragments (two Fab 

and one Fc ). Specific amino acid sequence in Fab of an IgG determines 

its ability to selectively bind to a particular antigen. These molecules 

have domains that are structurally independent [145,146,147].  The 

typical IgG is highly soluble at physiological conditions. A prime 

attribute of these proteins is that non-polar residues are sequestered in 

a core, where they avoid contact with water. The disclosure  of these 

hydrophobic residue crop up upon heat and acid treatment 

[148,149,150,151]. It is anticipated that partial denaturation of IgG 

would lead to an increase in exposed hydrophobic surface which 

results in enhanced binding with ANS. It is believed that IgG acquire 

chemo attractant activity after exposure of hydrophobic sites. 

According to several reports hydrophobic domains are located at Fab 

and Fc region of IgG. DSC measurements propose that Fab domains are 

mostly affected  by heating at 63º C due to lower melting temperature 

compared with Fc. IgG at low pH provides highly denatured and more 

hydrophobic conformation. Fc and Fab denature individually of each 

other, upon decreasing the pH Fc fragment is primarily affected and is 

denatured [152,153,154]. Further, circular dichroic and infrared 

spectroscopic analyses of rabbit and human IgG have suggested the 

presence of a -sheet structure [155,156].Amino acid sequencing and 

limited enzymatic proteolysis studies have led to the proposal that the 

immuno-globulin molecule exists in a series of compact domains with 

the central feature of each being the intrachain disulfide linkage. The 

studies reported in this communication were directed toward assessing 

the solution conformation of isolated immunoglobulin chains before 

and after cleavage of the intrachain disulfide linkage 

[157,158,159,160]. The macro class of proteins, serum globulins 

includes diversity of carrier proteins some of which could perform 

metal transport.  reaction abilities of the drug cisplatin to different 

proteins follows the order : hemoglobin > albumin > immunoglobulin 
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[161].  Thus the present study is done to acquire appropriate insight on 

interaction of drug with proteins in their native and denatured state. 

 

 

 

 

 

 

 
 

Figure 1.6.  Structure of Immunoglobulin G 

 

1.3. Organization of thesis: 

 

Chapter 2: In this chapter, we briefly discuss the different instruments 

used for the experiments and the procedures for sample preparations.  

Chapter 3: In this chapter, we have explored the photophysical 

properties of two widely used antibiotic fluoroquinolone drugs 

Norfloxcacin (NOR) and Ofloxacin (OFL) and an anticancer drug 

Ellipticine in biomimicking environments formed by bile salts using 

both steady state and time resolved fluorescence quenching 

measurement. 

Chapter 4: In this chapter, a detailed photophysics of an anticancer 

agent Ellipticine, in Sodium bis (2-ethylhexyl) sulfosuccinate (AOT) 

reverse micelle (RM) have been investigated using steady state and 

time resolved spectroscopy.   

Chapter 5: In this chapter, entrapment of anticancer drug Ellipticine in 

1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) liposome and its 

release by addition of three different bile salts namely Sodium 

deoxycholate (NaDC), cholate (NaC) and taurocholate (NaTC) have 

been studied by steady state and time resolved fluorescence 

spectroscopy. 
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Chapter 6: In this chapter, interactions of different prototropic species 

of Ellipticine with two prominent serum proteins i.e. Human Serum 

Albumin (HSA) and Immunoglobulin G (IgG) in their native and 

denatured states have been studied by molecular docking, circular 

dichroism (CD), steady state and time resolved fluorescence 

spectroscopy. 

Chapter 7: In this chapter, anticancer drug, Ellipticine is encapsulated 

within two liposomes namely 1,2-dipalmitoyl-sn-glycero-3-

phosphocholine (DPPC) and 1,2-dimyristoyl-sn-glycero-3-

phosphocholine (DMPC) and release of this encapsulated drug from 

these two liposomes upon addition of HSA have been studied by 

steady state and time resolved fluorescence spectroscopy. 

Chapter 8: In this chapter, interaction of human serum albumin (HSA) 

with liposomes made of saturated and unsaturated phosphocholines 

having distinctly different phase transition temperatures has been 

studied using circular dichroism (CD), steady state and time resolved 

fluorescence spectroscopic techniques. 
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5 MHZ 

Chapter 2 

Instrumentation and Materials 

In this section we briefly discuss the different instruments used for the 

experiments and the procedures for sample preparations.  

2.1 Steady State Absorption and Emission Spectra:  

Steady state absorption spectra were taken in a Varian UV-Vis 

spectrometer (Model: Cary 100). Emission spectra were taken in a 

Fluoromax-4p fluorimeter from Horiba Jobin Yovon (Model: FM-

100).  The fluorescence spectra were corrected for the spectral 

sensitivity of the instrument. 

2.2. Measurements of Fluorescence Decays:  

TCSPC (Time Correlated Single Photon Counting) Setup: For the 

time-resolved studies, we used a TCSPC system from Horiba Yovin 

(Model: Fluorocube-01-NL). The samples were excited at 375 nm 

using a picosecond diode laser (Model: Pico Brite-375L). The 

repetition rate was 5 MHz. The signals were collected at magic angle 

(54.70) polarization using a photomultiplier tube (TBX-07C) as 

detector, which has a dark counts less than 20 cps. The instrument 

response function of our setup is 140 ps.  A block diagram of our setup 

is shown below (Figure 2.1). 

       

   

 

 

 

 

Figure 2.1. Schematic diagram of TCSPC               
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2.2.1. TCSPC Technique:  

TCSPC  techniques [1,2,3] is based on the concept that the probability 

distribution for emission of a single photon after an excitation event 

yields the actual intensity versus time distribution of all the photons 

emitted as a result of the excitation. By statistically sampling, the 

single photon emission following a large number of excitation events, 

the experiment constructs the probability distributions [1].  The most 

important part of a TCSPC system is time-to-amplitude converter 

(TAC). It measures the elapsed time between the initial rise in intensity 

of the pulse light source and the detection of an emitted photon from 

the sample [4]. In operation, an electrical pulse is generated at a time 

exactly correlated with the time of generation of the optical pulse by 

the trigger. After receiving the trigger pulse, the TAC then initiates the 

charging of a capacitor plate, which is routed to the TAC start input via 

a discriminator. The same optical pulse (which triggers the TAC) 

excites the fluorescent sample. Now only one stop photon is detected 

for every 100-200 excitations. The signal resulting from the detected 

photon stops the charging ramp in the TAC, which transmits a pulse. 

The amplitudes of this pulse is proportional to the charge in the 

capacitor, and hence to the time difference between the start and stop 

pulses. The TAC output pulse is given a numerical value within the 

analog-to-digital converter (ADC) and a count is stored in the data 

storage in an address corresponding to that number. Excitation and 

data storage are repeated again and again in this way until the 

histogram of the number of counts against address numbers (channel 

number) in the storage devise represents, to some required precision, 

the decay curve of the sample.  
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Photographs of Instruments Used: (a) UV-Vis Spectrpphotometer 

(b) Fluorimeter (c) Time Corelated Single Photon Counting System 

 

 

 

(a) 

(b) 

(c) 
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2.2.2. Deconvolution Procedure:  

Simple time domain decay profiles arise only if the sample is excited 

with a -function (infinitely short) pulse of light. But most real 

situations involve the excitation pulses that are on the same timescale 

as the fluorescence process. Now the fluorescence response is 

convolution of the measured instrumental prompt response P(t) and the 

theoretical fluorescence response function F(t) of the form: 

 

t

dtttFtPtR
0

/// )()()(     (2.1) 

where t
/
 defines the variable time delays (in practice, channel numbers) 

of the infinitesimally small widths dt
/
 (i.e, channel widths) of which 

P(t) is composed. 

Numerous method exist to obtain P(t) from R(t). But most commonly 

use method is least-square method in concert with an iterative 

reconvolution scheme. The convolution integral is then calculated 

using the test model 
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and using initial set of i  and i values and the measured instrument 

response function. The calculated data is compared to observed data 

and i and i terms are adjusted until a best fit is obtained. The quality 

of the fit is judged by chi-squared (2
) test: 
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where Rc(t) is calculated values by assuming the functional form of 

F(t) (equation 2.2), i is the weighting factor ( )(/1 tRI  ), i is the 

number of data points in the decay file. i is follows the Poisson 

statistics [1,5]. 
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2.2.3. Analysis of Fluorescence Decays:  

The data analysis was performed using IBH DAS (version 6, HORIBA 

Scientific, Edison, NJ) decay analysis software.  

2.3. Time Resolved Fluorescence Anisotropy:  

2.3.1. An Overview:  

Time dependent decays of anisotropy provide considerable additional 

information about the diffusive motions of the fluorophore [2, 3]. 

These data can reveal whether a fluorophore is free to rotate over all 

angles, or if the environment surrounding the fluorophore restricts its 

angular displacement. Fluorescence anisotropy is widely used to study 

the dynamics in micelles [6 ], reverse micelles [7,8] and lipid bilayers 

[9]. 

In the time domain, the sample is excited with a brief pulse of 

polarized light and the time dependent parallel (I(t)) and 

perpendicular (I(t)) components of the fluorescence are used to form 

the time-resolved fluorescence anisotropy, r(t): 
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                                    (2.4) 

To compensate the polarization biased of the detection system and 

monochromator efficiency, the above equation is modified to,  
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                                        (2.5) 

Where G is the correction factor introduced for the polarization 

sensitivity  of the detection system and monochromator.  

For a simple isotropic rotor, r(t) decays with a single rotational 

correlation time (r) [2], 

 )/exp()( 0 rtrtr                                        (2.6) 



42 
 

For more complicated systems, r(t) takes the form of a sum of 

exponentials: 

 )/exp()( 0 iri trtr                                    (2.7)  

where i and 
ir

 are the fractional contribution of total depolarization 

and rotational correlation times attributed to reorientational motion i, 

respectively. 

In terms of Stokes-Einstein theory, r is related to the medium by, 

 
DkT
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r
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                                       (2.8) 

where  is the viscosity of the medium, V is the molecular volume, k is 

the Boltzmann’s constant, T is the absolute temperature, and D is the 

diffusion coefficient. 

Immediately following photoexcitation, the fluorophore has yet to 

reorient, and the observed anisotropy should be equal to r0 (the 

fundamental anisotropy). As time passes, the molecules reorient and 

the anisotropy decays towards zero. The r0 value depends on the 

relative angular orientation between the absorption and emission 

transition moments. If the rotational motion is hindered or otherwise 

restricted, one would see that the anisotropy does not decay to zero at 

longer time. In this case, the fluorescence is said to have a limiting 

anisotropy, r and the decay can be represented as  

 



  rerrtr rt /

0 )()(                           (2.9) 

 

2.3.2 Methods for Measuring Anisotropy Decays:  

The time resolved anisotropy measurements are done by toggling 

method using time correlated single photon counting technique and 

exciting the sample by 375 nm using a picosecond diode laser (Model: 

Pico Brite-375L). In toggling method, a motorized polarizer was used 

in the emission side. This polariser toggles between parallel and 
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perpendicular orientations and the emission intensities at parallel 

(I(t)) and perpendicular (I(t)) polarization was collected alternatively 

for 30 seconds until a certain peak difference between parallel (I(t)) 

and perpendicular (I(t)) decay is reached. The peak difference 

depends on the tail matching of the parallel (I(t)) and perpendicular 

(I(t)) decay. For typical anisotropy decay the difference between the 

peak counts at parallel and perpendicular polarization are kept at 2500. 

The G factor is measured by taking two additional decay 

measurements (IHV(t) and IHH(t)) of the same sample with the 

excitation polariser set to perpendicular or horizontal position, because 

G factor is given by, )(/)( tItIG HHHV , where IHV(t) and IHH(t) 

denote the fluorescence decay kinetics of the sample measured using 

horizontally or perpendicularly (H) polarized exciting light and 

detecting the emission components polarized vertically (V) and 

horizontally (H), respectively. 

2.3.3. Analysis Technique:  

We have analyzed our data by direct analysis method. This method 

makes use of the decay curves, I(t) and I(t), together with the G 

factor, to calculate the anisotropy decay curve directly, point by point: 
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This method does not use reconvolution analysis and therefore does 

not require measurements of decay of lamp profiles at parallel and 

perpendicular orientations of the emission polarizer. The r(t) curve 

obtained can then be analyzed using any of the experimental fitting 

programs, in terms of a number of exponential decay components, 

superimposed on a static anisotropy, r. The general form of the fitting 

equation is, 
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Here, A is related to the residual or static anisotropy, r and B is related 

to contribution of the each component of rotational correlation time 

(r). 

2.4. Other Instruments: 

2.4.1. Circular Dichroism (CD):  

CD is a sensitive technique to monitor the conformational changes in 

proteins. CD spectra of HSA and its lipid complexes were recorded 

with a Jasco J-815 spectrometer (Jasco, Tokyo, Japan). For 

measurements in the near UV region (200-270), a quartz cell with a 

path length of 0.1 cm (Hellma, Muellheim/Baden, Germany) was used 

in nitrogen atmosphere. The protein concentration was 10µm for HSA 

and 2µm for IgG. An accumulation of five scans with a scan speed of 

20 nm/min was performed data were collected for each sample from 

200 to 270 nm. The sample temperature was maintained at 25ºC using 

Escy temperature controller circulating water bath connected to the 

water-jacketed quartz cuvettes.  Spectra were corrected for buffer 

signal.   

2.4.2. Transmission Electron Microscope (TEM):  

A 10µl sample of lipid was loaded onto Formvar-coated, copper grids 

and was dried for 1 minute. Excess fluid was removed from the grids 

and then a 10µl of 1% sodium phosphotungstate was applied on the 

same grid, after which the excess stain was similarly removed from the 

grids. The sample-containing grid was air dried and then examined by 

a Philips CM200 TEM microscope.  

Principle: In TEM the wavelength of illumination is produced by an 

energized beam of electrons which increases greatly the resolving 

capabilities of image.  So, the main use of this technique is to examine 

the submicroscopic details of the specimen. Using an electron 

microscope offers the advantage of increasing both the magnification 

of an object and the resolution over other imaging tools. Deflection in 

TEM is due to the electromagnetic properties of the lens which are 
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defined by electromagnetic plates that are able to deviate the electrons 

in the trajectory of the electrons from a point source which causes them 

to converge at a single focal point. By this way, the electron beam is 

focused precisely. 

There are essentially three types of lenses used to form the final image 

in the TEM. These are the condenser, objective, and projector lenses. 

The function of the condenser lens is to concentrate and focus the 

beam of electrons coming off of the filament onto the sample to give a 

uniformly illuminated sample. The objective lens forms the initial 

enlarged image of the illuminated portion of the specimen in a plane 

that is suitable for further enlargement by the projector lens.  

Those electrons that pass through the sample go on to form the image, 

while those that are stopped or deflected do not contribute in image 

formation. In this way a black and white image is formed. The smaller 

aperture is used to prevent the flow of scatter electrons. The projector 

lens is used to project the final magnified image onto the phosphor 

screen or photographic emulsion. Thus total magnification is a product 

of the objective and projector magnifications.  

Another important element of the TEM is the vacuum system. Vacuum 

system avoids collisions between electrons of the beam and stray 

molecules. Which results in a spreading or diffusing of the beam in 

volatization event if the molecule is organic in nature.  

For a conventional TEM analysis, a specimen has to be reasonably 

dried and thin to ensure the proper imaging [10]. 

2.4.3. Atomic Force Microscope:  

For atomic force microscopy image, Images were recorded in an 

AIST-NT instrument; model No. smart SPM 1000 in soft tapping-

mode. 

Principle:  AFM provides a 3D profile of the surface, on a nanoscale 

by measuring force between a sharp probe (<10 nm) and surface at 

very short distance (0.2-10 nm probe sample separation). The probe is 
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supported on a flexible cantilever. The AFM tip gently touches the 

surface and records the small force between the probe and the surface.  

In AFM, mechanical force interactions acting between a sharp probe 

and a sample are used for surface imaging. The probe, which 

represents a micromachined cantilever with a sharp tip at one end, is 

brought into interaction with the sample surface. The interaction level 

between the tip apex and the sample is determined through precise 

measurements of the cantilever displacements amplified to generate 

height images, which reflect surface corrugations. The height image, in 

which brighter contrast is assigned to elevated surface locations, 

represent the vertical translations of the piezo-scanner needed to 

eliminate the error signal when the probe is moved from one sample 

location to the other. [11].   

2.5. Molecular Docking:  

The crystal structure of HSA, Fab and Fc fragments of IgG were 

downloaded from Protein Data Bank (PDB entry 1AO6, 1N0X and 

4BYH respectively). The energy minimized conformation of 

Ellipticine was generated by using a web-server known as FROG [12] 

(Frog2 version), which generates energy-minimized conformations 

using AMMOS [13]. This conformation of ligand was used further for 

docking with the protein. Preparation of the target proteins for docking 

using Autodock tools involved removal of all water molecules from 

PDB files, addition of polar hydrogen atoms and assigning Gasteiger 

charges to the proteins. Docking was carried out with Autodock 4.2 

Lamarckian Genetic Algorithm.  A grid size of 56 x 40 x 58 Å
3
 with a 

grid spacing of 0.375 Å for HSA, grid size of 120 x 124 x 90 Å
3
 with a 

grid spacing of 0.642 Å for Fab fragment of IgG and grid size of 124 x 

70 x 60 Å
3
 with a grid spacing of 0.625 A° for Fc fragment of IgG were 

used respectively. All other docking parameters were kept as default. 

PyMol was used for visualization and measurement of distances 

between the atoms of ligand and the residues of protein.  
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The solvent accessible surface area (ASA) of all the amino acid 

residues in uncomplexed proteins and in protein-Ellipticine docked 

complexes of three proteins HSA, Fab and Fc regions of IgG were 

calculated using NACCESS [14]. The best docked conformation of the 

ligand in each case of docking was selected and composite coordinates 

were generated to form the docked complex. The change in ASA 

(∆ASA) for a particular residue of a protein due to interaction with 

ligand was calculated as a difference between the ASA of the residue 

before and after interaction. If ASA of a residue lost significantly on 

interaction with the ligand, it was considered as being involved in 

interaction. 

2.6. Materials: 

2.6.1. Different Fluorophores:  

Fluoroquinolone (Norfloxacin and Ofloxacin), Ellipticine and 

PRODAN (Fig 2.2) were purchased from Sigma Aldrich and were 

used as received. 

 

 

 

             Norfloxacin                                         Ofloxacin 

 

 

 

 

                PRODAN                                             Ellipticine  

Figure 2.2.    Structures of Various Fluorophores. 
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2.6.2. Photophysical relevance of various fluorophores: 

(a) Fluoroquinolone: Fluoroquinolones are the class of important 

antibacterial agents, which display a broad spectrum of antibacterial 

activity and are used to treat bacterial urinary tract infections, sexually 

transmitted diseases such as prostatitis, selected pneumonias and skin 

infections [15,16,17,18,19]. Fluoroquinolone molecules, such as NOR 

and OFL contain a carboxyl group and at 7-carbon atom a piperazinyl 

group. Consequently, acid–base behavior and antibacterial response of 

fluoroquinolones depends on the physiochemical properties of solvent 

[20,21,22,23,24]. The degree of ionization of fluoroquinolone 

molecules depends on the pH of the system [25,26]. It is found that 

fluoroquinolone molecules have proton binding sites at carboxylic acid 

group and terminal nitrogen atom of piperazinyl ring. Thus, 

fluoroquinolone molecules exhibit two protolytic equilibria with two 

different pKa values. The pKa1and pKa2 of OFL and NOR are 6.10, 

8.28 and 6.23, 8.55, respectively [27,28]. Therefore, depending upon 

the pH of the solvents, fluoroquinolone molecules take different forms. 

It is already reported that fluoroquinolone molecules exist in four 

different forms at physiological pH [18,19]. Several groups reported 

the spectroscopic details of the individual species. The photophysical 

and photochemical properties of fluoroquinolone molecules have been 

well characterized in conventional solvents and solvent mixtures. 

However, the modulation of prototropic equilibrium and 

biodistribution of this kind of molecules in different biomimetic 

environment are not well known. In the excited state, fluoroquinolone 

molecules undergo a twisted intramolecular charge transfer (TICT) and 

fluorescence spectra exhibit a reverse solvatochromism in the mixed 

solvents [24,25]. As NOR and OFL are good TICT molecules in the 

excited state and show better antibacterial activity so; photophysical 

properties of these molecules are examined in biomimetic systems 

[18]. Recently, Sortino reported photochemical study of some 

fluoroquinolones in sodium dodecyl sulfate (SDS) micelles at 

physiological pH [29,30]. It was proposed in their study that at 
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micellar surface fluoroquinolone molecule takes a cationic form and 

thus attracted to the anionic surfactant.  

 

(b) Ellipticine: Ellipticine is a pyridocarbazole-type plant alkaloid, 

which exhibits cytotoxic activity against various tumor cells [31]. 

These pyridocarbazoles interact with DNA and actively treat solid 

tumors like breast cancer cells, renal carcinoma and lung cancer cells 

[32,33]. The biological action of these pyridocarbazoles result in direct 

binding to DNA [34]. They induce protein associated DNA strand 

break by trapping Topoisomerase II. The cytotoxicity of Ellipticine is 

believed to be primarily related to two modes of action: (i) 

intercalation in to DNA and (ii) inhibition of Topoisomerase II activity 

[35,36,37,38,39].Recently, Ellipticine was reported to have application 

in the treatment of obesity and tested for human pre-AIDS treatment in 

association with other drugs [40]. A substantial research work has 

been devoted to understand the biological activity, sequence 

selectivity, and metabolism of Ellipticine for several years 

[41,42,43,44,45,46,47,48,49,50,51]. Fung et al. reported photophysical 

properties of Ellipticine in different solvents varying the polarity and 

hydrogen bonding [52]. The authors found a large Stokes shift (10,000 

cm
-1

) in polar solvents compared to that (8900 cm
-1

) in non-polar 

solvents. Miskolczy et al. suggested that in methanol photoinduced 

protonation by the solvent, instead of ‘quinoid-like’ tautomerization, 

takes place [53,54]. Very recently Samanta and co-workers [55] 

reported that in methanol, the second emission band occurs due to an 

excited state reaction. The study suggests that an excited state reaction 

involves solvent reorganization around Ellipticine to form a ‘‘cyclic’’ 

solvated species, which facilitates a rapid proton transfer and the two 

emission bands arise from the normal and tautomeric forms. Ellipticine 

exists as protonated or deprotonated species in aqueous medium 

depending on the pH [56,57,58]. At pH value below 7.4, due to 

protonation of pyridine like nitrogen cationic species are 

prevalent[56].
 
Studies in living cells have revealed that Ellipticine 

exists both in neutral and protonated forms in aqueous cytoplasm, but 
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only in its protonated form in the nucleus [58].
 

The major 

shortcomings in usage of neutral Ellipticine as pharmaceuticals are its 

toxicity and low solubility in water but cationic Ellipticine is relatively 

more soluble in water than neutral Ellipticine. To surmount  the  

trouble  of   low  solubility of Ellipticine in  aqueous  media,  the drug 

was attached to  polymers,  peptides, micelles and liposomes 

[59,60,61,62]. Therefore, such amphiphilic  systems are desired which 

can modulate the different prototropic species of Ellipticine. 

 

(c) PRODAN: PRODAN (6-propionyl 1,2-dimethylamino-

naphthalene)  is chosen as a probe primarily to     study the 

environment inside the liposomes and various proteins.  PRODAN is 

very sensitive towards environmental polarity and the origin of its 

solvatochromatic nature have been debated [63,64,65,66,67].
 
When it 

is attached to membranes it shows large spectral shifts [68,69,70]. 

PRODAN emits at around 390 nm in cyclohexane whereas its emission 

in water is around 520 nm. This sensitivity towards polarity is 

attributed to a large difference between the dipole moments in its 

ground (S0) and excited (S1) states [71,72].
 
According to various 

calculations, difference in dipole moment of PRODAN from 5.50 to 

10.20 D causes a shift in the 
10 SS  transition[73].

 
Recently Samanta 

and co-workers [74]
 
have suggested this value to be 4.4-5.0 D based 

on transient dielectric loss measurements. In RPODAN, locally excited 

(LE) and twisted internal charge transfer (TICT) states simultaneously 

exist [75,76,77]. This amazing feature of PRODAN makes it a useful 

probe to study structure, function and dynamics of proteins and 

membranes [78,79,80,81,82].  The probe has widely been used to 

study the dynamics inside a reverse micelles. It was reported that in 

reverse micelle with sufficient water content the PRODAN molecules 

are distributed in three regions, according to the polarity of that 

particular region [83,84,85,86,87,88,89]. PRODAN is having higher 

water solubility and is loosely anchored to the bilayer [90,91]. Hof and 

co-workers studied solvent relaxation of various probes including 

PRODAN in phosphocholine vesicles [92,93,94].
 

The emission 
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maximum of PRODAN depends upon the phase state of phospholipids. 

It usually emits at 440 nm in gel and at 490 nm in liquid crystalline 

phase. The shift in emission band from gel to liquid crystalline phase 

takes place due to dipolar relaxation in liquid crystalline phase of 

phospholipid but not in gel phase. This dipolar relaxation originates 

due to a few water molecules present in bilayer at the glycerol 

backbone where fluorescence moiety of PRODAN actually resides 

[95,96]. The complex character of emission peak of PRODAN in the 

lipid bilayer can be explained assuming that both twisted and planar 

configuration emit in the bilayer [94].
  

As emission of PRODAN is 

highly sensitive, it has been used to study different protein molecules 

[97,98,99,100,101,102].
  

Hydration dynamics studies of HSA using 

PRODAN as probe reveals that hydration level of different domains is 

different and they have different time scales for hydration [103,104].  

The free thiol group allows site specific labeling of protein with 

chromophoric or fluorescent probes [105,106].   

 

2.6.3. Different Surfactants, Proteins, and Lipids: Sodium 

deoxycholate (NaDC), Sodium taurocholate (NaTC), Sodium cholate 

(NaC), Sodium glycodeoxy cholate (NaGDC), Sodium taurodeoxy 

cholate (NaTDC), dioctylsulphosuccinate sodium salt (AOT), 1,2-

dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-dimyristoyl-sn-

glycero-3-phosphocholine (DMPC), 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC), 2-oleoyl-1-palmitoyl-sn-glycero-3-

phosphocholine (POPC), Human Serum Albumin (HSA), 

Immunoglobulin G (IgG). 
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Figure 2.3. Structure of various bile salts                  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 4.   Structures of various lipids. 
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2.7. Preparation of Solution:  

2.7.1 Preparation of Buffer Solution:  

The phosphate buffer was prepared using NaH2PO4 and Na2HPO4 

purchased from Merck chemicals. Tris HCl was purchased from 

Rankem India. Buffer solutions were prepared in Rankem HPLC grade 

water and Milli Q water. The pH of buffer solutions was adjusted at 

7.4 using a Eutech pH Tutor.  

2.7.2 Preparation of fluorophore Solution:  

Solutions of various fluorophores were prepared using either of these 

buffer solutions. These aqueous fuorophore solutions were sonicated 

for almost 60 minutes to ensure the complete solubility. We passed 

argon gas to remove the dissolved oxygen from the buffer solution 

prior to any experimental measurements. 

2.7.3 Preparation of water and methanol reverse micelles:  

AOT (bis-2-ethyl hexyl sulfosuccinate sodium salt, Aldrich) was dried 

under high vacuum for 48 hours and was used without purification. n-

Hexane spectroscopic grade (Sigma Aldrich) was used to create water 

reverse micelles and methanol reverse micelles respectively. These 

solvents were freshly distilled over calcium hydride (Sigma Aldrich) 

before use. The water content and methanol content inside the reverse 

micellar pool are defined as  

][

][
0

AOT

water
w   and 

][

][

AOT

methanol
wm  . 

 The concentration of probe molecules maintained in all the 

measurements is 510
-7

 M and that of AOT is 0.09 M.  

 

 

 

 

Figure 2.5  Structure of AOT 
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2.6.4. Preparation of small unilamellar vesicles:  

The stock solution of lipid was prepared in ethanol. The desired 

amount of ethanolic lipid solution was injected rapidly into the 

aqueous solution of Ellipticine at temperature above the phase 

transition temperatures of respective lipids (DPPC 50°C, DMPC 23°C, 

DOPC -20°C, POPC -2°C). This solution was then equilibrated for 60 

minutes. The concentration of lipid in the solution was 0.4 mM and the 

percentage of ethanol was less than 1% (v/v). The molar ratio of 

Ellipticine to lipid was around 1: 200 (v/v). 

2.6.5 Preparation of Protein solution:  

All the protein solutions were freshly prepared on the day of 

experiment. For heat denaturation  experiment proteins were dissolved 

in appropriate buffer and was heated   on a water bath at 70ºC for15 

minutes and then were cooled at room temperature. For acid 

denaturation proteins were dissolved in phosphate buffer of pH 3.5. All 

the protein solutions were incubated for an hour before the experiment.  

2.6.6 Estimation of Quantum yeild:  

Quantum yield of any compound can be estimated using the following 

equation: 
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We used Quinine sulphate dihydrate in 0⋅05 M H2SO4 as reference (R 

= 0⋅508). In equation 2.12, nS and nR represent refractive index of the 

sample (S) and reference solution (R) respectively,  I is the integrated 

emission intensity, and A the absorbance. 
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Chapter 3 

Photophysical and Photodynamical Study of 

Fluoroquinolone and Ellipticine Drug Molecules 

in Bile Salt Aggregates 

In this chapter, we have explored the photophysical properties of two 

widely used antibiotic fluoroquinolone drugs Norfloxcacin (NOR) and 

Ofloxacin (OFL) and an anticancer drug Ellipticine in biomimicking 

environments formed by bile salts using both steady state and time 

resolved fluorescence quenching measurement.  

The first part of this chapter demonstrates the photophysical 

enhancement and fall of a particular prototropic species of antibiotic 

fluoroquinolone drugs, namely NOR and OFL which are sensitive to 

the excitation wavelength in bile salt aggregates. With addition of 

sodium deoxycholate (NaDC), sodium taurocholate (NaTC) and 

sodium glycodeoxycholate (NaGDC)  and excitation at shorter 

wavelengths resulted in quenching of fluorescence of these 

fluoroquinolone. On the contrary, we observed a steady increase in the 

fluorescence intensity with a continuous red shift upon excitation at 

longer wavelength. The experimental results were rationalized in terms 

of the fact that, neutral and zwitterionic species of fluoroquinolone 

molecules in bile salt aggregates are selectively excited at shorter 

wavelength while the cationic form of fluoroquinolone molecules are 

excited at longer wavelength. We found that NaGDC and NaTC 

because of the conjugate head group are more effective in converting 

the neutral species of fluoroquinolones into a cationic species than 

NaDC. The quenching order is in accordance with hydrophobicity 

indices of bile salt. 

In the second part of the chapter entrapment of neutral and cationic 

species of Ellipticine in different bile salt aggregates has been 

investigated. As Ellipticine exists in various prototropic forms in 
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aqueous solutions, a comparative study of entrapment of these 

prototropic species in different bile salts varying the head groups and 

hydrophobic skeleton was performed. The cationic species  bind with 

the negatively charged head groups of bile salt through electrostatic 

interaction. On the other hand neutral species of Ellipticine are 

entrapped in the hydrophobic site of bile salt and the partition of 

neutral species in bile salt aggregates takes place according to the 

hydrophobicity indicies of bile salt.  

(A) Photophysical and Photodynamical Study of 

Fluoroquinolone and Drug Molecules in Bile Salt Aggregates: 

 

3.1. Perspective of the Present Study:  

 Fluroquinolones are considered as important antibacterial agents 

which exhibit a extensive range of antibacterial activity and are used to 

treat various infections [1,2,3,4,5]. The degree of ionization of 

fluroquinolone molecules depends on the pH of the system [6,7]. 

Fluoroquinolone molecules exhibit two protolytic equilibria with two 

different pKa values. Several groups reported the spectroscopic details 

of the individual species [7,6,8]. However, the modulation of 

prototropic equilibrium and bio-distribution of this kind of drug 

molecules in different biomimetic environment are not well known. As 

Norfloxacin and Ofloxacin show better antibacterial activity so; 

binding of these molecules are examined in biomimetic systems [8]. 

Recently, Sortino et al reported that at micellar surface of Sodium 

dodecyl sulphate (SDS) at physiological pH fluroquinolone molecule 

takes a cationic form and thus get attracted to the anionic surfactant 

[9,10].  In the present study, we would like to explore the possible 

prototropic forms of Norfloxacin and Ofloxacin in bile salt aggregates 

by their photophysics and the nature of binding between different 

prototropic forms of these fluoroquinolones with bile salts.  

Micelles formed by bile salts are simple model for complex biological 

system. Bile salts are surface active molecules and most prominent 
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biosurfactant. Bile salts consist of hydrophobic steroidal backbone 

with one to three hydroxyl groups and a carboxyl side chain lying 

along in the same plane of hydroxyl groups [11,12].The polar hydroxyl 

groups are oriented towards the concave side of the steroid ring. So; 

the concave side is hydrophilic while the convex side is hydrophobic. 

They self aggregate in aqueous environments to form micelles 

[13,14,15,16,17].   

Previously some important photophysical and photodynamical studies 

have been carried out in bile salt aggregates by several groups 

[18,19,20]. Bohne and co-workers studied binding of various guest 

molecules with bile salts and effect of aggregation of bile salts on this 

binding [21,22].  Marinda and co-workers also studied aggregation and 

binding of various guest molecules to bile salts [23,24]. The present 

study involves three bile salts namely Sodium deoxycholate Soidum 

taurocholate, Sodium glycodeoxycholate (Figure 2.3 pp. 52) to explore 

the photophysics of Norfloxacin and Ofloxacin. As these drugs contain 

carbonyl group, the acid base behavior will be influenced by the 

physiochemical properties of the medium [6-10]. We have chosen 

deoxycholate taurocholate and glycodeoxycholate because of several 

reasons. The hydrophobic and hydrophilic skeleton of deoxycholate 

and glycodeoxycholate salts are akin but they contain different head 

groups. Deoxycholate contains an unconjugated head group (-COO
-
) 

while glycodeoxycholate has a conjugated head group (-CO-NH-CH2-

CO2
-
). On the other hand taurocholate contains an extra hydroxyl 

group in their hydrophilic surface and the head group of taurocholate (-

CO-NH-CH2-SO3
-
) is also different from the other two bile salts.  Thus 

by varying the head group and hydrophilic skeleton we tuned the 

photophysics of the fluoroquinolone molecules. The present study 

would also focus on the confinement of fluoroquinolone molecules in 

the hydrophilic and hydrophobic skeleton of different bile salts. 
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3.2. Results and Discussion:   

3.2.1. Steady State Absorption and Emission Spectra:  

The absorption spectrum of NOR in aqueous solution shows bands at 

around 270 nm and 325 nm and that of OFL shows bands at around 

290 nm and at 332 nm. Upon addition of bile salts to aqueous buffer 

solution of NOR, the band at 270 nm is red shifted to 274 nm with 

increase in absorbance. On the other hand, absorbance decreases at 325 

nm band. We observed that addition of bile salts yields two isobestic 

points at 315 nm and 350 nm in absorption spectra of NOR. With 

addition of bile salt a tail appears with significant absorbance at longer 

wavelength (beyond 350 nm). Interestingly, similar changes in 

absorption spectra of NOR in aqueous buffer solution is observed 

when pH is changed from 7.4 to 3.5. This fact indicates that in 

presence of bile salt NOR predominantly exists as a cationic species. 

Figure 3.1 illustrates the absorption spectra of NOR at different 

concentration of bile salts. The absorption spectra of NOR in aqueous 

buffer solution at different pH are inset of Figure 3.1.  

 

 

 

   

 

Figure 3.1. Absorption spectra of NOR at different concentration of 

NaDC. In the inset absorption spectra of NOR in aqueous buffer 

solution at different pH are shown. The downward arrow illustrates 

that absorption decreases at 325-335 nm band while upward arrow 

illustrates the absorption increases at 270-275 nm band.   

Our result are in well agreement with that of Sortino and co-workers 

[8,9,10]. In case of OFL, the change in the absorption spectra with 

addition of bile salts is similar to that of NOR. However, we did not 
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observe any isobestic point for OFL. We took emission spectra of 

NOR and OFL exciting at 325 nm wavelength over a range of pH from 

10.50 to 3.50. The corresponding emission spectra of NOR at different 

pH are shown in Figure 3.2a. It is revealed from Figure 3.2a that the 

change in pH from 10.50 to 3.50 in aqueous buffer solution results in 

red shift of the emission spectra and significant increase in quantum 

yield. The quantum yields of NOR and OFL at different pH are 

summarized in Table 3.1 (pp. 81) After taking the emission spectra 

over a range of pH, we took emission spectra of NOR and OFL 

exciting at 305, 325, 350, 365 and 375 nm wavelengths at 

physiological pH ~ 7.40. The normalized emission spectra of NOR 

obtained by exciting at different wavelength are shown in Figure 3.2b. 

It is revealed from Figure 3.2b that the emission spectra are 

continuously red shifted as the excitation wavelength moves towards 

longer wavelengths. At pH ~ 7.40 excitation at 305-350 nm 

wavelength yields emission maxima of NOR at around 410-415 nm. 

On the other hand excitation at 365-375 nm wavelength yields the 

emission maxima of NOR at 435 and 440 nm respectively.  

 

 

 

 

 

Figure 3.2. (a) Emission spectra of NOR at pH 3.5, 7.4 and 10.5 at ex 

= 325 nm. (b) Normalized emission spectra of NOR at pH 7.40  at ex 

= 325, 350, 365 and 375 nm. 

Similarly a red shift is observed in case of OFL from 460 nm to 472 

nm with excitation at longer wavelength. The red shift for NOR and 

OFL upon excitation at longer wavelength at a particular pH confirms 

that cationic species of fluoroquinolone are selectively excited at 

longer wavelength.  
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After perfoming studies in aqueous solutions we proceed to study 

photophysics of  NOR and OFL in bile salt aggregates. NOR and OFL 

upon excitation at 305, 325, 350, and 365 nm wavelengths in bile salt 

aggregates fabricate interesting results. Increasing bile salt 

concentration, while exciting at 305 and 325 nm quenches the intensity 

of NOR. But excitation of NOR at 350 and 365 nm leads to an increase 

in quantum yield.  The quantum yield of NOR in aqueous buffer 

solution is around 0.075 and in the presence of 40 mM NaDC, NaTC 

and NaGDC the quantum yield increases up to 0.095, 0.150 and 0.165 

respectively. The emission spectra of NOR in presence of NaDC by 

excitation at 325 nm and 350 nm are illustrated in Figure 3.3a and 

Figure 3.3b respectively.  

 

 

 

 

 

Figure 3.3. The emission spectra of NOR with increasing concentration 

of NaDC (0 mM to 20 mM). (a) ex = 325 nm. In the inset emission 

spectra of NOR at ex = 305 nm. The downward arrow indicates that 

emission intensity decreases with addition of bile salt. (b) ex = 350 

nm. The upward arrow indicates that emission intensity increases with 

addition of bile salt. 

In case of OFL the results were quite similar; we observe that 

quenching takes place when OFL is excited at 305, 325 and 350 nm. 

Excitation at 365 and 375 nm leads to increase in the quantum yield 

with increasing bile salt concentration. However, NaDC is an 

exception from this trend. OFL exhibits a quenching in NaDC 

aggregates irrespective of excitation wavelength. The quantum yield of 

OFL in aqueous buffer solution is around 0.11 and in presence of 40 
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mM NaDC, NaTC and NaGDC the quantum yield becomes 0.110, 

0.180 and 0.270 respectively.  We have summarized the results in 

Table 3.1 (pp. 81). The variation in the emission intensity (fall and 

enhancement) as a function of bile salt concentration is shown in 

Figure 3.4. For the quenching process, we estimated Stern-Volmer 

constants using the following equation. 

 10 
I

I
+  QKSV                               (3.1) 

where 0I  and I  are the initial and final intensity. Q is the 

concentration of the quencher. Thus the Stern-Volmer constants of 

NOR were estimated to be 26.35 M
-1

,
 
8.00 M

-1 
and 24.00 M

-1 
 in 

NaDC, NaTC and NaGDC aggregates respectively. On the other hand 

Stern-Volmer constants of OFL were estimated to be 8.0 M
-1

, 4.5 M
-1

 

and 8.0 M
-1 

for NaDC, NaTC and NaGDC aggregates respectively. 

 

 

 

 

 

Figure 3.4. Emission intensity of NOR at different concentration of bile 

salt for excitation wavelengths 350 nm and 325 nm for NaTC 

aggregates. A polynomial regression fit is drawn to show the change of 

measured values. 

To discover the possible reasons for the observed fluorimetric variation 

i.e. enhancement and fall in emission intensity of fluoroquinolone 

molecules upon excitation at different wavelengths. We took different 

prototropic structures of NOR and OFL along with structural aspects of 

bile salt aggregation in account. Earlier Sortino et al. reported that SDS 

micellar surface makes the abundant cationic form of NOR [9,10]. 

This assumption seems to be applicable in case of bile salt aggregates 
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for the observed enhancement in emission intensity at longer 

wavelength excitation (350 and 365 nm). Because of excess hydronium 

ion in micellar phase, the piperazinyl ring of NOR and OFL takes up a 

proton and switches over to a cationic form. The cationic species are 

selectively excited at the longer wavelengths and are trapped in the 

hydrophilic face of the bile salt which leads to an enhancement in the 

emission intensity. The binding mode consist of a positively charged 

piperazinyl group anchored to the negatively charged head group and 

remaining part is attached to the -OH groups of bile salt. We found that 

quantum yield is maximum in NaGDC aggregates and least in NaDC 

aggregates. Interestingly the hydrophobic skeleton of NaGDC and 

NaDC are akin but their head groups are different. NaDC has a -COO
-
 

head group while in NaGDC the head group is -CO-NH-CH2-COO
-
. 

As the conjugated head group is more efficient to protonate the 

fluoroquinolone molecules, so; it is justified that quantum yield would 

be higher in NaGDC than in NaDC. In this context the location of the 

drug molecules may be important in governing the observed 

photophysics. Upon addition of bile salt, an additional non-polarity is 

introduced in the system. It is possible that the neutral species of 

fluoroquinolone molecules are located in the hydrophobic side while 

the cationic species prefers hydrophilic side. The increase in non-

polarity may be responsible for the observed quenching in this system. 

The Stern-Volmer constants were found to be almost same for NaDC 

and NaGDC but much lower in NaTC. According to hydrophobicity 

indices the order of hydrophobicity of  NaDC, NaGDC and NaTC are 

reported to be  0.72, 0.65, 0.00 [25]. Thus NaDC and NaGDC are 

much more hydrophobic than NaTC. This confirms us that quenching 

processes is mostly governed by the hydrophobic interaction between 

fluoroquinolones and bile salt aggrgates.  

We have estimated the association constant of NOR with bile salt 

using the method described by Singh et al. [26]. If 1:1 complex is 

formed between NOR and NaDC, the equilibrium constant can be 

written as 
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 NOR + DC NOR - DC
K1

  (3.2) 

Here DC stands for NaDC. Therefore, the equilibrium constant is 

expressed as 

 1K =
 
   eqeq

eq

DCNOR

DCNOR 
     (3.3) 

Here  eqDCNOR   is the concentration of this complex at equilibrium 

for 1:1 complex. As the concentration of bile salt is much higher than 

that of NOR, so the equation can be written as  

 
 

      00
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DCDCNORNOR
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   (3.4) 

The Bensei-Hildebrand relation can be written as 
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1111

DCKIIIIII fDCNORfDCNORff

  (3.5) 

Where 
0

fI is the fluorescence intensity of NOR in absence of bile salt 

and DCNORI   is the fluorescence intensity when all NOR molecules 

form complex with bile salt. 

Now plot of  
0

1

ff II 
vs.

 0

1

DC
  should yield a straight line for 1:1 

complex. However, nonlinear least square regression as described by 

Singh et al. is an alternative approach of data analysis [26]. For such 

analysis equation 3.5 can be rearranged to 
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     (3.6) 

As    ,0 NORDC   so it is likely that 1:2 complex might be formed. 

For the 1:2 complex formation between NOR and bile salt, the 

equilibrium constant can be written as  
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  (3.7)  

The equilibrium process may be written as 
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  (3.8) 

We have fitted integrated intensity of NOR and OFL following 

equation 3.8 to get the values for K1 and K2. The fitted graphs are 

shown for NaTC and NaDC in Figure 3.5. The estimated values of 1K  

and 2K  for NaDC are 184 M
-1

 and 176 M
-1 

, for NaTC the values are 

29
-1

M and 100 M
-1

 and for NaGDC the values are 50
-1

M and 135 M
-1

. 

In case of OFL 1K and 2K values are 20
-1

M and 80 M
-1 

for NaTC and 

30
-1

M and 51 M
-1 

for NaGDC. We cannot report the binding constant 

of OFL in NaDC because we did not observe any increase in the 

intensity of OFL in NaDC aggregates. The comparable values of 1K  

and 2K  indicates that when bile salt concentration is low 1:1 complex 

is formed between fluoroqinolone and bile salt. But at relatively high 

concentration of bile salt 1:2 complex is formed between 

fluoroqinolone and bile salt.  

 

 

 

 

 

Figure 3.5. The binding constant fitting curve for the integrated 

intensity of NOR assuming 1:1 and 1:2 complex following equation 

3.8. 
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3.2.2. Time Resolved Studies: 

For the time resolved measurement, we excited NOR and OFL at 375 

nm and decays were collected at the emission maxima. The 

corresponding decays were fitted to a bi-exponential function. The 

average lifetime of NOR in aqueous buffer solution at pH 7.40 is 

around 1.305 ns with time constants of 1.10 ns (94%) and 4.52 ns 

(6%). The average lifetime of OFL is around 4.11 ns with time 

constants of 0.400 ns (33%) and 5.97 ns (67%).  The average lifetime 

values of NOR and OFL obtained in our experiment are in good 

agreement to that reported in the literature [27]. The representative 

decays of NOR in buffer solution and in different concentration of  

NaTC are shown in Figure 3.6.  We calculated the radiative and non-

radiative rate constants using the following equations. 

 
avg

f

r



               (3.9) 

 nrr

avg





1

      (3.10)  

where Kr and Knr are the radiative and non-radiative rate constant and 

f  is the fluorescence quantum yield. The average lifetime constants, 

radiative and non-radiative rate constants are summarized in Table 3.1 

(pp. 81).   In buffer solution, a similar increase in lifetime takes place 

when the pH of the solution is changed from 7.40 to 3.50. We already 

mentioned in the previous section that at low pH range in aqueous 

buffer solution, fluoroquinolone mainly exist in a cationic form. 

Therefore, it is established that in bile salt aggregates NOR and OFL 

get protonated and are strongly bound to the hydrophilic surface of the 

bile salt aggregates. 

One interesting feature revealed in Table 3.1(pp. 81) is that there is no 

significant change in the population (i.e. a1 and a2) of the fast (1)  and 

slow component (2) on addition of bile salt to NOR solution. 
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Figure 3.6. Fluorescence decay curves of NOR in as a function of 

concentration of NaTC form 0 mM to 16 mM. 

However, considerable increment is found in the slow component i.e. 

in 2. We have plotted 2 and 1 values of NOR against the 

concentration of the bile salt in Figure 3.7a and Figure 3.7b 

respectively. It is seen that the fast time component i.e. 1 remains 

almost unchanged (around 1.00 ns) but 2 increases monotonously. At 

pH ~7.40 the 2 component of NOR is around 4.52 ns  and in 40 mM 

NaDC, 40 mM  NaTC and 40 mM NaGDC aggregates this becomes 

6.84 ns, 7.81 ns and 8.48 ns respectively.  

 

 

 

 

 

Figure 3.7 Faster (1) and slower (2) lifetime component of NOR in 

presence of different bile salt concentration. A polynomial regression 

fit is drawn to show the change of measured values. 
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Table 3.1: Analytical  parameters of lifetime, quantum yield and 

radiative rate constant for NOR and OFL in different pH and  in 

NaDC, NaTC and NaGDC aggregates (Solution Prepared in 

Phosphate Buffer at pH 7.40).
 #
 

System 
a1 

(%) 

a2 

(%) 
1 

(ns) 

2 

(ns) 

<avg> 

(ns) 

Quantum 

yield 
 

Kr /s
-

110
9
 

NOR in buffer 

solution at pH 3.5 
0.96 0.04 1.49 5.95 1.65 0.120 0.072 

NOR in buffer 
solution at pH 7.40 

0.94 0.06 1.10 4.52 1.305 0.075 0.053 

NOR in 30 mM 

NaDC 
0.90 0.10 1.01 6.84 1.59 0.095 0.060 

NOR in 40 mM 
NaTC 

0.92 0.08 1.25 7.81 1.77 0.150 0.084 

NOR in 40 mM 

NaDGC 
0.84 0.16 1.04 8.48 2.22 0.165 0.075 

OFL in buffer 
solution at pH 3.50 

0.11 0.89 3.37 7.70 7.23 0.253 0.034 

OFL in buffer 

solution at pH 7.40 
0.33 0.67 0.400 5.97 4.11 0.110 0.026 

OFL in 40 mM 
NaDC 

0.42 0.58 1.02 6.03 3.92 0.110 0.029 

OFL in 40 mM 

NaTC 
0.38 0.62 1.05 8.12 5.4 0.180 0.033 

OFL in 40 mM 
NaGDC 

0.34 0.66 1.83 9.83 7.10 0.270 0.038 

# 
The error in the measurement is about ± 10%

 

This observation indicates that in bile salt aggregates cationic species 

of NOR are generated and strongly entrapped in the head group region. 

It is interesting to note that the rise in the slow time constant of NOR is 

in accordance with the order of enhancement in quantum yield in three 

bile salts i.e. NaGDC>NaTC>NaDC. We already mentioned that 

because of conjugated head groups, NaGDC and NaTC are more 

effective in converting neutral or zewitterionic species of 

fluoroquinolones into a cationic species than that of NaDC. Thus we 

observed a longer slower component in NaGDC and NaTC than that in 

NaDC.  
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In case of OFL the results were different than that of NOR. 

Surprisingly OFL does not show any increase in lifetime in NaDC 

aggregates. This is because of the fact that NaDC is more hydrophobic 

in character [28] and a weak proton donor than NaTC and NaGDC.  

However, in NaTC and NaGDC aggregates the life time of OFL 

increases significantly. We have plotted 1 and 2 as a function of 

concentration of bile salts in Figure 3.8.  

 

 

 

 

 

Figure 3.8. Faster (1) and slower (2)  lifetime component of OFL in 

presence of different bile salt concentration. A polynomial regression 

fit is drawn to show the change of measured values. 

It is seen that 1 increases appreciably in all the three bile salts while 2 

values are increasing in NaTC and NaGDC and remains almost 

unchanged in NaDC.  

Interestingly Table 3.1 reveals that the amplitude of fast component 

(a1) increases significantly in NaDC and that of slow component 

decreases (a2). This fact indicates that a substantial amount of OFL 

molecules are bound to hydrophobic pocket of NaDC. It could be due 

to the fact that OFL is more hydrophobic than NOR owing to a methyl 

group in piperazinyl ring. Due to increase in non-polarity upon 

addition of bile salt to aqueous buffer solution, a substantial amount 

OFL migrate from the aqueous phase to hydrophobic pocket of bile 

salt which may results in increase in the amplitude of fast component. 

For better understanding regarding the binding of the drug molecules 

with the bile salts we carried out time resolved anisotropy 
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measurement of NOR  and OFL in aqueous buffer and in bile salt 

aggregates. The representative anisotropy decays of OFL in aqueous 

buffer solution, in NaDC, NaTC and NaGDC aggregates are shown in 

Figure 3.9. The rotational relaxation of NOR and OFL in aqueous 

buffer solution was fitted to a single-exponential function, and the 

anisotropy decay time is 0.140 ns and 0.160 ns with finite accuracy. In 

NaDC, NaTC and NaGDC aggregates the rotational relaxation time 

follows a bi-exponential function and consists of a picosecond and  a 

nanosecond components (Table 3.2 pp. 84).  The average rotational 

relaxation time of OFL and NOR in NaDC and NaTC and NaGDC 

aggregates are longer compared to the rotational relaxation time of that 

in aqueous buffer solution. This fact strongly suggests that probe 

molecules are bound to the micellar surface. Table 3.2 reveals that 

average rotational relaxation time of both NOR and OFL are same in 

NaDC and NaGDC aggregates around 0.900 ns. However, the 

rotational relaxation time of both fluoroquinolone molecules are 

reduced in NaTC aggregates to around 0.600 ns. Figure 2.3 (pp. 52) 

reveals that the hydrophilic skeleton of NaDC and NaGDC salts have 

two hydroxyl groups. Thus nature of binding of NaDC and NaGDC to 

the fluoroquinolone molecules should be the similar.  

 

 

 

 

 

Figure 3.9. Fluorescence anisotropy decay curves of OFL in aqueous 

buffer solution and in 40 mM NaDC, 40 mM NaTC, 40mM NaGDC 

aggregates. 

On the other hand NaTC is most hydrophilic among the three bile salts 

under this study because it has three hydroxyl group in the hydrophilic 
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surface which are capable of holding more number of water molecules 

in the hydrophilic surface through hydrogen bonding [25,26]. This 

factor can reduce the shear viscosity in the NaTC hydrophilic surface 

leading to a faster rotational relaxation for NOR and OFL compared to 

that in NaDC and NaGDC. 

Table 3.2. Analytical  parameters of rotational relaxation times for 

NOR and OFL in NaDC, NaTC and NaGDC aggregates (Solution 

Prepared in Phosphate Buffer at pH 7.40).# 

System r0 a1r a2r 1r (ns) 
2r 

(ns) 

<r> 

(ns) 

NOR in buffer solution 

at pH 7.40 
0.32 0.32   0.140 0.140 

NOR in 30 mM NaDC 0.36 0.65 0.35 0.255 2.11 0.908 

NOR in 30mM NaTC 0.35 0.72 0.28 0.271 1.643 0.655 

NOR in 30mM NaGDC 0.35 0.64 0.36 0.250 2.2 0.952 

OFL in buffer solution 

at  pH 7.40 
0.35 1  0.160  0.160 

OFL in 30mM NaDC 0.36 0.54 0.46 0.178 1.6 0.840 

OFL in 30mM  NaTC 0.36 0.79 0.21 0.220 2.33 0.662 

OFL in 30mM  NaGDC 0.37 0.69 0.31 0.240 2.33 0.900 

   
# 
The error in the measurement is about ± 10% 
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3.3. Conclusion:  

It is evident from the present study that in presence of bile salt, 

Norfloxacin and Ofloxacin exhibit two opposite phenomena in 

emission properties upon excitation at shorter and longer wavelength. 

It is established from this study that with addition of bile salt at 

physiological pH (~ 7.40) the neutral and zwitterionic fluoroquinolone 

turns into a cationic species. The cationic species which is formed from 

neutral or zwitterionic species in presence of bile salt is selectively 

excited at longer wavelength and is entrapped by the hydrophilic face 

of bile salt. Consequently, the emission intensity increases upon 

excitation at longer wavelength. On the other hand zwitterionic/neutral 

species which decrease with addition of bile salt is excited at shorter 

wavelength and thus leads to quenching. We found that bile salts 

(NaTC and NaGDC) with the conjugated head group are more efficient 

in converting the neutral species into a cationic species than that 

(NaDC) with un-conjugated head group. The quenching occurs due to 

the non polarity introduced upon addition of   bile salt to aqueous 

buffer solution. The quenching process in the present study is in 

accordance with the hydrophobic indices of NaDC, NaTC and 

NaGDC.  
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(B) Dynamics of Prototropic Species of an Anticancer Drug 

Ellipticine in Bile Salt Aggregates of Different Head Groups and 

Hydrophobic Skeleton: A Photophysical Study to Probe Bile Salt 

as Multisite Drug Carrier: 

3.4. Perspective of the present study: 

The self-assemblies of bile salts are of particular interest from the 

biological point of view because of their unique ability to solubilize 

various biologically active organic guests including many sparingly 

water-soluble drug molecules. Bile salt aggregates may be used as 

potential supramolecular host systems that can carry both hydrophobic 

and hydrophilic guest molecules of suitable size and shape because of 

the presence of both types of binding sites under varying experimental 

conditions, such as concentration, pH, and ionic strength of the 

surrounding medium [21,22,29,30,31,32,33,34].
 
This structure leads to 

a unique aggregation pattern, accounting for their solubilization of both 

hydrophobic and hydrophilic solutes [35,36]. Bohne and co-workers 

extensively carried out the study of host guest complexation of 

different probe molecules in bile salt aggregates [37,38,39]. 

Consequently bile salts have received much attention as drug delivery 

media.
 
These bioactive molecules are synthesized in the liver from 

cholesterol and play an important role in the solubilization of lipids in 

the intestine, which allows them to be used as a potential drug delivery 

system [40,41,42,43,44,45,46,47].
  

Very recently, Miranda and co-

workers demonstrated the existence of the two types of aggregates 

(primary/secondary) at different concentrations using fluorescent 

dansyl derivative of sodium cholate. It was shown that bile salt 

aggregates are suitable for carrying both hydrophobic and hydrophilic 

drug molecules due to the presence of these two different types of 

binding sites [45,46,47].
 
 Miranda and co-workers showed that cholic 

acid aggregates can be used as effective drug carrier drug carriers. 

They have shown that hydrophobic drugs like naproxen and its methyl 

ester derivative can be entrapped in the hydrophobic pocket of bile 

salts [47]. Moreover, the formation of inclusion complexes in such 
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aggregates helps to control the selectivity of various chemical reactions 

such as photoinduced reactions, enzymatic reactions and complexation 

reactions. Due to presence of different tunable binding sites, bile salt 

aggregates are found to be interesting host systems capable of carrying 

both hydrophobic and hydrophilic guest molecules depending on the 

structure and size of the guests. Recently, Sarkar and co-workers have 

carried out extensive host guest interaction study in different bile slats 

[41,48].
  
This group reported photophysics of different molecules like 

curcumin, BP(POH)2 and HAN in different bile salt systems. 

Collective and self-diffusion coefficients of sodium taurodeoxycholate 

and taurocholate in D2O system have been reported as a function of 

ionic strength and bile salt concentration by quasielastic light 

scattering [49]. Bhattacharya and co-workers reported the dynamics of 

probe molecules in bile salt aggregates [50,51].  

In the study, we would like to report photophysical and 

photodynamical properties of different prototropic species of 

Ellipticine entrapped in the hydrophobic and hydrophilic sites of bile 

salts of different head groups and hydrophobic skeletons. The present 

study involves five different bile salts namely sodium salt of 

deoxycholate (NaDC), cholate (NaC), glycodeoxycholate (NaGDC), 

taurodeoxycholate (NaTDC) and taurocholate (NaTC). The structural 

formulae of bile salts are shown in Figure 2.3 (pp. 52). It is revealed 

from Figure 2.3 that the head groups of NaDC and NaC are akin but 

NaC contain an extra hydroxyl group in its hydrophilic surface. The 

hydroxyl groups make NaC less hydrophobic as compared to NaDC. 

Again NaDC, NaGDC and NaTDC have same number of hydroxyl 

groups in the hydrophilic surface but their head groups are different. 

While NaDC possesses an unconjugated head group (CH2-COO
-
), 

NaGDC and NaTDC have conjugated head groups -CO-NH-CH2-CO2
- 

and -CO-NH-CH2-SO3
- 

respectively. Owing to conjugation, head 

groups of NaTDC and NaGDC are supposed to be better proton donor 

than the head group of NaDC (i.e. the bile acids with conjugated head 

groups are stronger acid than bile acids with unconjugated head 
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groups.). On the other hand, head group of NaTC (-CO-NH-CH2-SO3
-
) 

is same as that of NaTDC. However, extra hydroxyl group in their 

hydrophilic surface offers an additional hydrophilicity in NaTC as 

compared to that in NaTDC.  

Because Ellipticine exists in protonated and deprotonated species in 

aqueous solution, therefore; by varying the head group and hydrophilic 

skeleton of bile salts, we tuned the photophysics and dynamics of the 

Ellipticine molecules as per our aspiration. In the present study we 

explored the entrapment of neutral and cationic species in hydrophobic 

and hydrophilic skeleton respectively and observed the effect of head 

groups as well as hydrophobic skeleton on the binding, partition and 

confinement of Ellipticine molecules. 

3.5. Results and Discussion: 

3.5.1. Steady state Absorption and Emission Spectra: 

Elipticine exists in two prototropic species. The emission spectra of 

Ellipticine at different pH are shown in Figure 3.10a. The emission 

spectra of Ellipticine reveal that in acidic condition (pH~2) the 

emission maximum takes place at 535 nm. On the other hand at pH 12, 

an additional band appears around 450 nm with 535 nm band. The 

emission maxima at 450 and 535 nm are ascribed to the neutral species 

and cationic species respectively. Cationic species dominate at low pH 

due to protonation of the nitrogen atom on pyridine moiety and neutral 

species are prevalent at higher pH. Both the species simultaneously 

exist in physiological condition. Ellipticine shows two bands around 

440 nm and 540 nm at physiological condition (pH~ 7.40). We 

assigned the bands at 440 and 540 nm wavelengths to neutral and 

cationic species respectively. Addition of bile salts to aqueous solution 

of Ellipticine enhances the intensity at 540 nm as well as at 440 nm 

(Figure 3.10b). The rise in intensity at 540 nm indicates the binding of 

cationic species with bile salts. On the other hand increase in intensity 

at 440 nm indicates that the neutral probe molecules are entrapped in 

the hydrophobic pocket of bile salt.  
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Figure 3.10. (A) Normalized emission spectra of Ellipticine at different 

pH. (B)The emission spectra of Ellipticine at different concentration of 

NaDC (0-25 mM). 

The emission band of neutral species gradually shifts to the blue end. 

The extent of blue shift is greater in NaDC compared to other bile 

salts. This observation is consistent with earlier report that NaDC is 

more hydrophobic than other bile salts. The ratios of intensity of 

neutral species to that of cationic species (i.e. 540440 II ) are 1.12, 1.81, 

0.60, 0.48 and 0.42 for NaDC, NaC, NaTDC, NaGDC and NaTC 

respectively. 

To gain an insight regarding the binding of neutral and cationic species 

with bile salts, we deconvoluted the emission spectrum into cationic 

species and neutral species by a combination of lognormal functions of 

the following form  

 ])
]/)(21ln[

(2lnexp[)( 2

1b

b
II

p 



   (3.11)          

where νp, I, ∆, and b stand for peak frequency, peak height, width 

parameter and asymmetric parameters respectively.  The deconvoluted 

spectra is shown in Figure 3.11a. The area under each of the curve 

corresponding to neutral and cationic species was used to estimate the 

quantum yield using the following equation: 
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We used Quinine sulphate dihydrate in 0⋅05 M H2SO4 as reference 

( R = 0⋅508). The samples were excited at 325 nm. In equation 3.12, 

sn and Rn represent refractive index of the sample (S) and reference 

solution (R) respectively, I is the integrated emission intensity, and A is 

the absorbance. The fluorescence quantum yield of cationic species of 

Ellipticine is calculated to be around 0.002 while the neutral species 

has a quantum yield around 0.0004. The plot of neutralcationic   as a 

function of concentration of different bile salts (Figure 3.11b) reveals 

that neutralcationic  initially decreases till 2-2.5 mM and then increases, 

reaches a maximum and then decreases for all the bile salts except 

NaTC. The initial decrement in neutralcationic  may be attributed to the 

fact that very low concentration of  bile salt increases the pH of the 

solution and this converts cationic species into the neutral species. This 

factor may be responsible for decrement in neutralcationic  ratio in all 

bile salts. The rise in neutralcationic   signifies that a strong interaction 

between Ellipticine and bile salt is dominated by electrostatic forces 

where the cationic Ellipticine species are anchored to the negatively 

charged head groups of bile salts. The electrostatic interaction 

dominates till a certain concentration of bile salts. The hydrophobic 

interaction dominates at higher concentration of bile salt due to 

formation of aggregates which results in entrapment of neutral 

Ellipticine in the hydrophobic cavity of aggregates. It is notable that 

aggregates of bile salts of non-conjugated head groups (for e.g. NaDC 

and NaC) display the drop in neutralcationic  (i.e. dominance of 

hydrophobic force) at lower concentration than in bile salts having 

conjugated head groups. This observation indicates that unconjugated 

bile salts provide a more hydrophobic environment compared to 

conjugated bile salts.  
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Figure 3.11. (A) Deconvolution of emission spectrum of Ellipticine by 

a combination of lognormal functions. (B) The plot of neutralcationic   as 

a function of different concentration (0-25 mM) of different bile salts 

(a) NaDC (b) NaC (c) NaGDC (d) NaTDC (e) NaTC.  

We interpreted the above findings in the light of structural difference 

of bile salts along with different parameters like hydrophobicity 

indices [28,52]
 
and dissociation constant (pKa) values of corresponding 

bile acids[53,54].We shall start our discussion with photophysics of 

Ellipticine in three different bile salts namely NaDC, NaTDC and 

NaGDC. These three bile salts have same number of hydroxyl groups 

in their hydrophobic skeleton but differ in their head groups. NaDC 

possesses an unconjugated head group (-CH2-CH2-COOH) while 

NaTDC and NaGDC possess conjugated head groups  -CO-NH-CH2-

COOH and –CO-NH-CH2-SO3H  respectively. We listed the 

hydrophobicity indices of different bile salts and the pka of the 

corresponding acids in Table 3.3. 

Table 3.3. Hydrophobicity indices of different bile salts and pKa of  

corresponding bile acids. 

System No. of -OH 

groups in 

hydrophilic site  

Hydroph

obicity 

indices 

Head groups  pKa of 

corresponding 

bile acids 

NaDC 2 0.72 -CH2-CH2-CO2
- 6.20 

NaGDC 2 0.65 -CH2-CO-NH-CO2
- 4.80 

NaTDC 2 0.59 -CH2-CO-NH-SO3
- <2 

NaC 3 0.13 -CH2-CH2-CO2
- 5.20 

NaTC 3 0.00 -CH2-CO-NH-SO3
- <2 
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It is revealed from Table 3.3 that conjugated head groups like –CO-

NH-CH2-COOH and –CO-NH-CH2-SO3H are stronger acid than 

unconjugated ones like –CH2-CH2-COOH. Thus it implies that head 

group of NaDC is less acidic compared to its analogous bile salts 

NaTDC and NaGDC although these three bile salts have same number 

of hydroxyl group in their hydrophobic moiety. The hydrophobicity 

indices in Table 3.3 reveal that NaDC is more hydrophobic as 

compared to NaTDC and NaGDC. Therefore NaTDC and NaGDC 

exhibit higher affinity towards cationic species of Ellipticine yielding 

higher neutralcationic   as compared to NaDC.  

Now we would like to compare entrapment of cationic and neutral 

species in NaGDC and NaTDC. Although NaGDC is more hydrophilic 

than NaTDC, Table 3.3 reveals that pKa of Taurine group is less (< 2) 

than that of glycine (4.80). Therefore, due to taurine head group 

NaTDC is better candidate to capture the cationic Ellipticine and 

results in larger increment of  neutralcationic   values. Figure 3.11 

reveals that neutralcationic   values increases sharply in NaTC and does 

not decrease till 25 mM. This result is contradictory to that of NaTDC 

in which neutralcationic  drops after a certain concentration. Although, 

these two bile salts have same head group, but NaTC possess an 

additional hydroxyl group in its hydrophilic skeleton and that makes 

NaTC more hydrophilic than NaTDC. The observation suggests that 

hydrophobic interaction between Ellipticine and NaTC aggregates is 

much weaker compared to that between Ellipticine and NaTDC. 

However, the above argument does not hold when we compare the 

results in NaDC and NaC aggregates.  It is observed that Ellipticine 

exhibits a much smaller neutralcationic  value in NaC as compared to 

that in NaDC aggregates although NaC is more hydrophillic than 

NaDC. We are not sure about the origin of this anomalous result. This 

anomalous result perhaps comes from the fact that NaC is less rigid 

compared to NaDC, thus allow more number of neutral Ellipticine 

molecules to penetrate inside NaC compared to that in NaDC. 
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Moreover, the critical micellear concentration of NaC is higher (16 

mM) compared to that of NaDC (4 mM) which results in entrapment of 

more number of  neutral Ellipticine. This could be the probable reason 

of observed anomalous result in NaC.   

In the present perspective, the partition coefficient of the neutral 

species can be a measure of the hydrophobicity of different bile salts. 

We, therefore, estimated the partition coefficient of neutral Ellipticine 

using the following formulae (Figure 3.12) [55].
 

 
  00

16.551

FLFKF P

         (3.13)   

where 0F  and F  are fluorescence intensities of Ellipticine 

molecules in aqueous and  in  bile salts phase, respectively, L  is the 

bile salt concentration and the molar concentration of water was 

considered to be 55.6 M. 

 

 

 

 

 

 

 

 

 

Figure 3.12. Double reciprocal plot of the intensity of Ellipticine with 

respect to concentration of different bile salts. 

The partition coefficients of the neutral species in different bile salts 

are reported in Table 3.4.  
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Table 3.4: Partition coefficient and free energy change of neutral 

species of Ellipticine in different bile salt aggregates. 

Bile salt Partition coefficient, KP (10
3
) Binding Enegry, -G (kJ 

mol
-1

) 

NaDC 7.50 22.10 

NaTDC 5.90 21.50 

NaGDC 3.60 20.30 

NaC 2.50 19.30 

NaTC 0.98 17.05 

It is revealed that the partition coefficient between water and bile salt 

aggregates is highest in NaDC while the partition coefficient is lowest 

in NaTC. The order of the partition coefficient is in order of the 

hydrophobicity of bile salts. Therefore, it is conclusive that neutral 

species of Ellipticine is entrapped in the bile salt aggregates according 

to the hydrophobicity while the cationic species are attached to the 

head groups of bile salts according to number of hydroxyl group and 

acidity of the head group region. Figure 3.13 provides a cartoon 

representation indicating the solubilization of neutral Ellipticine in the 

hydrophobic pocket of micellar aggregates of bile salts and entrapment 

of cationic species in the hydrophilic surface.  

 

 

 

 

 

Figure 3.13. Entrapment of neutral and cationic species of Ellipticine 

in hydrophobic and hydrophilic site of bile salt aggregates.  

3.5.2. Time resolved studies: We already mentioned that Ellipticine 

exists in cationic and neutral species in aqueous solution. Therefore, 

we took decays at 540 and 440 nm to measure the lifetime of cationic 
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species and neutral species respectively. The lifetime of Ellipticine at 

540 nm consists of components around 1.80 (88%) and 5.94 ns (12%).  

The component around 1.80 ns was attributed to the cationic species of 

Ellipticine which is predominant at 540 nm emission band. 

The other component perhaps comes from the zwitterionic species in 

the solution. Table 3.5 (pp. 97) reveals that, the shorter component i.e. 

1 remains unchanged with addition of bile salts to aqueous solution of 

Ellipticine while a longer component (2) is generated which increases 

with increasing concentration of bile salts. The increment in longer 

component is ascribed to the Ellipticine cation binding to head groups 

of bile salt and eventually formation of bile salt aggregates. We plotted 

1 and 2 as a function of concentration of different bile salts (Figure 

3.14). It is observed that the maximum increment in longer component 

takes place in NaTC while the least increment takes place in NaDC and 

NaC. The longer components were found to be 7.50, 12.95, 12.0, 7.50 

and 8.9 ns in case of NaDC, NaTC, NaTDC, NaC and NaGDC 

respectively. Notably, 2 values are almost same in NaDC and NaC, 

although they are widely different in their hydrophobicity indices. 

Again a similar increment in 2 components is observed in NaTDC and 

NaTC aggregates despite of wide difference in the hydrophobicity 

indices of NaTDC and NaTC. Therefore, we conclude that the order of 

increment in the longer time component is not governed by the 

hydrophobicty indices of bile salts.  It depends on the nature of the 

head groups of bile salt.  Therefore, we have taken pKa of bile salts 

into account for the interpretation of lifetime component. Table 3.3 

reveals that NaDC and NaC possess same head groups which render 

similar pKa for these two bile acids. Therefore, both NaDC and NaC 

offer similar environment in their head group region towards 

Ellipticine and results in similar changes in 2. On the other hand NaTC 

and NaTDC have same head group. Therefore, Ellipticine cation 

experiences similar binding in the head group region of these bile salts. 

Thus we observe a similar increment in 2 in these two bile salts.  This 

assumption is further validated if we look at the amplitudes of 2 
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which, in the present case are found to be directly related to the pKa 

values of bile acids. Bile acids with lower pKa will be more 

dissociative and hence produce more number of anions which can bind 

with the cationic Ellipticine species. Table 3.5 (pp. 97) reveals that 

maximum change in population of the longer component takes place in 

NaTC (40%) while minimum takes place in case of NaDC (23%) and 

NaC (21%).  The population of 2 depends directly on the pKa of 

corresponding bile acids. It implies that higher the dissociation 

constant of bile acids higher would be the number of cations bound to 

head groups region.  To illustrate this fact, we plotted 
12 aa as a 

function of concentration of different bile salts (Figure 3.14c).  

 

Figure 3. 14 (A) Shorter (1), (B) longer (2) lifetime components and  

(C) ratio of population (a2/a1) of lifetime components of Ellipticine in 

presence of different bile salt concentration. 

The increment in 
12 aa values follows the same order of 2. In the 

earlier section, we already mentioned that binding of cationic species 

depends on the hydrophilicty of bile salts as well as the protonation 

ability of corresponding bile acids. Therefore, the lifetime components 

and amplitudes of the cationic species unambiguously establish this 

fact that entrapment of cationic species of Ellipticine takes place in bile 

salt according to the pKa of corresponding bile acids. 



97 
 

Table 3.5. The decay components of Ellipticine in presence of different 

bile  salts at 540 nm.
# 

System a1 (%) a2 (%) 1  (ns) 2  (ns) <> (ns) 
2 

Conc. of NaDC 

0 0.88 0.12 1.80 5.94 2.30 1.20 

2 0.84 0.16 1.79 6.45 2.53 1.21 

4 0.80 0.20 1.79 6.95 2.82 1.20 

6 0.78 0.22 1.8 7.20 2.99 1.15 

8 0.74 0.26 1.650 7.50 3.17 1.16 

10 0.67 0.33 1.720 7.53 3.63 1.23 

12 0.65 0.35 1.75 7.80 3.87 1.10 

16 0.65 0.35 1.75 7.50 3.76 1.05 

20 0.64 0.36 1.70 7.60 3.82 1.20 

25 0.65 0.35 1.78 7.50 3.782 1.10 

 

Conc. of NaTC 

2 0.80 0.20 1.60 6.97 2.67 1.16 

4 0.74 0.26 1.70 7.30 3.16 1.23 

6 0.69 0.31 1.73 7.50 3.52 1.10 

8 0.64 0.36 1.66 8.30 4.00 1.05 

10 0.62 0.38 1.75 10.00 4.88 1.20 

12 0.59 0.41 1.70 11.00 5.51 1.10 

16 0.55 0.45 1.74 12.30 6.50 1.16 

20 0.50 0.50 1.75 12.80 7.27 1.23 

25 0.48 0.52 1.75 12.95 7.57 1.10 

 

Conc. of NaTDC 

2 0.80 0.20 1.60 6.50 2.58 1.20 

4 0.76 0.24 1.70 7.10 3.00 1.15 

6 0.72 0.28 1.73 7.80 3.43 1.16 

8 0.66 0.34 1.66 8.10 3.85 1.23 

10 0.62 0.38 1.70 9.50 4.67 1.10 

12 0.60 0.40 1.70 11.00 5.42 1.20 
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16 0.57 0.43 1.74 11.80 6.00 1.15 

20 0.57 0.43 1.75 12.00 6.15 1.20 

25 0.58 0.42 1.75 12.00 6.00  

 

Conc. of NaC 

2 0.80 0.20 1.8 6.00 2.64 1.20 

4 0.76 0.24 1.73 6.44 2.86 1.10 

6 0.74 0.26 1.90 7.00 3.23 1.16 

8 0.74 0.26 1.90 7.10 3.25 1.23 

10 0.72 0.28 2.00 7.00 3.40 1.10 

12 0.70 0.30 1.932 7.00 3.45 1.10 

16 0.69 0.31 1.90 7.20 3.54 1.19 

20 0.69 0.31 1.9 7.50 3.64 1.25 

25 0.67 0.33 1.9 7.68 3.81 1.30 

 

Conc. of NaGDC 

2 0.78 0.22 1.70 6.50 2.75 1.23 

4 0.76 0.24 1.70 7.0 2.97 1.48 

6 0.72 0.28 1.70 7.20 3.24 1.45 

8 0.65 0.35 1.80 7.50 3.79 1.19 

10 0.63 0.37 1.85 8.0 4.12 1.25 

12 0.65 0.35 1.75 8.15 3.99 1.20 

16 0.63 0.37 1.56 8.44 4.10 1.23 

20 0.60 0.40 1.68 8.70 4.49 1.10 

25 0.60 0.40 1.9 8.90 4.70 1.10 

#  
The error in the measurement is ± 5%. 

Unlike lifetime components at 540 nm, life time components at 440 nm 

do not follow any particular trend of hydrophobicity of the bile salts. 

We summarized the lifetime components in Table 3.6.
 
 In aqueous 

solution the life time of Ellipticine at 440 nm consists of picosecond 

component around 0.400 ns (90%) and a longer component around 

3.40 ns (10%). Addition of bile salts causes an enhancement in the 

picosecond component almost by two times along with an increase in 
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the nanosecond component. The decrease in the population of the 

picosecond component and subsequent increment in population of 

longer component indicate that neutral species are trapped in the 

hydrophobic site. However, we observe that the change in population 

follows the trend of the hydrophobicity of the bile salts.  

Table 3.6. The decay components of Ellipticine in presence of different 

bile salts at 440 nm.
# 

System a1 (%) a2 (%) 1  (ns) 2  (ns) <> (ns) 2 

Conc. of NaDC 

0 0.90 0.10 0.400 3.40 0.700 1.3 

2 0.85 0.15 0.600 3.65 1.000 1.2 

4 0.80 0.20 0.600 3.80 1.24 1.1 

6 0.77 0.23 0.650 4.0 1.42 1.00 

8 0.73 0.27 0.73 4.25 1.68 1.05 

10 0.70 0.30 0.80 4.50 1.91 1.2 

12 0.68 0.32 0.967 4.60 2.13 1.6 

16 0.65 0.35 0.890 4.40 2.12 1.2 

20 0.62 0.38 0.860 4.29 2.16 1.1 

25 0.60 0.40 0.860 4.29 2.23 1.0 

 

Conc. of NaTC 

2 0.88 0.12 0.587 2.45 0.81 1.2 

4 0.89 0.11 0.717 3.380 1.00 1.4 

6 0.85 0.15 0.600 3.63 1.00 1.4 

8 0.82 0.18 0.670 4.00 1.27 1.3 

10 0.80 0.20 0.75 4.50 1.50 1.2 

12 0.78 0.22 0.830 5.62 1.88 1.1 

16 0.75 0.25 0.815 6.166 2.15 1.1 

20 0.76 0.24 0.871 6.535 2.23 1.3 

25 0.76 0.24 0.871 6.535 2.23 1.3 

 

Conc. of NaTDC 

2 0.88 0.12 0.7 2.5 0.92 1.4 
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4 0.89 0.11 0.77 3.2 1.00 1.2 

6 0.85 0.15 0.600 3.4 1.00 1.4 

8 0.82 0.18 0.780 3.8 1.32 1.3 

10 0.80 0.20 0.80 4.5 1.54 1.1 

12 0.78 0.22 0.83 5.00 1.74 1.1 

16 0.75 0.25 0.86 5.4 1.99 1.2 

20 0.76 0.24 0.85 5.6 1.99 1.2 

25 0.76 0.24 0.85 5.6 1.99 1.1 

 

Conc. of NaC 

2 0.86 0.14 0.6 3.5 1.0 1.3 

4 0.80 0.20 0.650 3.86 1.29 1.3 

6 0.80 0.20 0.72 4.0 1.38 1.4 

8 0.80 0.20 0.75 4.26 1.45 1.2 

12 0.76 0.24 0.715 4.26 1.56 1.4 

16 0.75 0.25 0.85 4.76 1.83 1.5 

20 0.73 0.27 .923 5.00 2.0 1.4 

25 0.75 0.258 1.01 5.30 2.12 1.4 

 

Conc. of NaGDC 

2 0.84 0.16 0.518 3.32 0.96632 1.2 

4 0.77 0.23 0.861 4.53 1.70487 1.3 

6 0.72 0.28 1.04 5.65 2.3308 1.3 

8 0.69 0.31 1.06 5.77 2.5201 1.4 

10 0.66 0.34 1.1 5.80 2.698 1.4 

12 0.64 0.36 1.116 6.28 2.97504 1.2 

16 0.62 0.38 1.20 6.40 3.176 1.2 

20 0.65 0.35 1.20 6.35 3.0025 1.1 

25 0.65 0.35 1.15 6.40 2.9875 1.1 

# 
The error in the measurement is ± 5%. 

We estimated the rotational relaxation of Ellipticine in different bile 

salts (Figure 3.15). The time resolved anisotropy was described with 

the following equation: 
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where )(tr is the rotational relaxation correlation function. 0r  is the 

limiting anisotropy and 
fast and slow  are the individual rotational 

relaxation time and fast  and slow are the amplitude of rotational 

relaxation time. 
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Figure 3.15. Fluorescence anisotropy decays of Ellipticine in different 

bile salts.  

In aqueous solution Ellipticine exhibits a single exponential decay with 

rotational relaxation time around 180 ps. In bile salt aggregates, the 

rotational relaxation is found to be bi-exponential consisting of a 

picosecond component and a nanosecond components. The picosecond 

component originates from the Ellipticine molecules in aqueous phase 

while nanosecond component is attributed to the Ellipticine molecules 

held in the bile salt aggregates. The rotational relaxation parameters 

are summarized in Table 3.7. We have estimated the microviscosity of 

the hydrophilic region with the following equation considering the fact 

that slow   arises from the Ellipticine molecules bound to the head 

group region 

 
kT

Vm                        (3.15) 
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Here, m is the microviscosity and V is the volume of the rotating 

molecular system. Hence, any change in  could come from a change 

in either of the two factors (, V).  The molecular volume of 

Ellipticine  is ~ 229.97 Å [56]. Table 3.7 reveals that the 

microviscosity is reasonably higher for conjugated head groups with 

less number of hydroxyl groups. This observation again corroborates 

well with the assumption that the bile salts having three hydroxyl 

groups can hold more number of water molecules which results in 

lower viscosity as compared to that in bile salts having two hydroxyl 

groups. We would like to start our discussion by comparing rotational 

relaxation in the bile salts which possess same head groups but differ 

in number of hydroxyl groups in their hydrophilic surface.  It is 

revealed from Table 3.7 that slow is higher in NaDC as compared to 

that in NaC. This may be attributed to the fact that NaDC possesses 

two hydroxyl groups in its steroidal moiety while NaC possesses three 

hydroxyl groups. Therefore, NaC can hold more number of water 

molecules. 

Table 3.7. Analytical  parameters of rotational relaxation time of 

Ellipticine in different bile salt aggregates: 

Conc. of bile 

salts 

r0 fast 

(%) 

slow 

(%) 

 fast 

(ns)  

slow 

(ns) 

2 
<m> 

(cP) 

0.00 0.30 1.00  0.180  1.0  

25 mM NaDC 0.38 0.66 0.33 0.160 1.54 1.1 30.00 

25 mM NaTC 0.38 0.60 0.40 0.160 1.71 1.15 33.50 

25 mM NaTDC 0.40 0.34 0.66 0.184 2.71 1.1 52.50 

25 mM NaGDC 0.40 0.52 0.48 0.160 2.01 1.0 39.00 

25 mM NaC 0.40 0.50 0.50 0.187 1.20 1.2 23.50 

# 
The error in the measurement is ± 5%. 

Thus the hydrophilic region of NaC is less vicous which reduce the 

frictional force as compared to that in NaDC. This perhaps results in 

faster rotational relaxation of Ellipticine in NaC as compared to that in 

NaDC.  A similar conclusion can be drawn if we compare slow in 
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NaTC and NaTDC. Ellipticine experiences less rigidity in NaTC due to 

an additional hydroxyl group as compared to that in NaTDC and hence 

exhibits faster rotational relaxation time.  

Now we need to address the rotational relaxation in bile salts which 

have same number of hydroxyl group in the hydrophilic surface but 

differ in head groups. There are three bile salts namely NaDC, NaTDC 

and NaGDC which are same in number of hydroxyl groups in the 

hydrophilic site but differ in head groups.   We found that Ellipticine 

exhibits faster rotational relaxation in NaDC compared to that in 

NaGDC and NaTDC. NaGDC and NaTDC possess unsaturated head 

groups which have lower pKa hence higher dissociation constant than 

that of saturated head groups of NaDC. Thus NaTDC and NaGDC are 

capable of holding more number of Ellipticine cations leading to 

higher population of longer component. This fact may be responsible 

for the higher rotatioanl relaxation time in NaGDC and NaTDC. 

Interestingly, the longer component is higher in NaTDC than that in 

NaGDC. The taurine group is more acidic than glycine group. 

Therefore, NaTDC is better candidate to capture cationic species of 

Ellipticine. Thus higher partitioning of cationic Ellipticine takes place 

in NaTDC. 

One inference can be drawn from the above discussion that partitioning 

of cationic species of drugs between aqueous phase and miceallar 

surface not only depends on the nature of the head groups but also on 

the number of hydroxyl group on the hydrophilic surface. Interestingly, 

we did not find any residual anisotropy which indicates absence of any 

restricted rotation in bile salt aggregates. In this context the 

comparison of global dynamics (i.e. rotation of the bile salt) and local 

dynamics (i.e. rotation of the probe molecules inside the bile salt 

aggregates) should be addressed. Maitra and co-workers reported that 

hydrodynamic radius of NaC is around 1.2 nm [57].
 
The the global 

rotational relaxation time was estimated to be around 1.2 ns obtained 

from the following equation  
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This value is close in the range of the longer component (1.20 ns to 

2.71 ns) of Ellipticine in bile salt aggregates. The observation implies 

that global rotational motion of bile salt aggregates has a significant 

contribution to the overall rotation of probe.  Therefore, the rotational 

dynamics of Ellipticine is governed by the two factors (i) 

microvscosity felt by the Ellipticine and (ii) the global rotation of 

micellar aggregates. 

Unlike cationic Ellipticine, when we measured rotational relaxation 

time at 440 nm, neutral Ellipticine molecules exhibit almost same 

rotational relaxation time in different bile salt aggregates (Figure 3.16). 

The fact implies that after intercalation, Ellipticine experiences a 

similar environment inside the hydrophobic pocket of bile salt. We 

have already shown in Figure 3.13 that neutral Ellipticine preferably 

form complexed to the hydrophobic region bile salt. One interesting 

point that Moitra et al. reported is DPH displays a single exponential 

correlation function which comes from the hydrophobic pocket of bile 

salts. It was reported that DPH being very hydrophobic mostly are 

entrapped in the hydrophobic pocket.  In the present case, Figure 3.16 

reveals a fast component (data are not shown) which is likely to be 

originated from neutral Ellipticine in the aqueous phase.   
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Figure 3.16.  Fluorescence anisotropy decays of Ellipticine in different 

bile salts aggregates at 440 nm. 
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The observation implies partitioning of neutral Ellipticine in aqueous 

and hydrophobic phase. The full intercalation in the hydrophobic 

surface is not possible due formation of hydrogen bonding with water 

as well as bile salt head groups. 

3.6. Conclusion:  

In this chapter, we have shown the nanoconfinement of different 

prototropic species of anticancer drug Ellipticine in several bile salt 

aggregates through hydrophobic and hydrophilic interaction. The 

neutral species of the drug molecules were found to be partitioned 

according to the   hydrophobicity indices of the bile salt. On the other 

hand, cationic species are attached to the head group region of the bile 

salt aggregates through electrostatic interaction.  Our study revealed 

that initially bile salts acts like electrolytes and electrostatic interaction 

dominates over the hydrophobic interaction. The extent of binding of 

bile salt head group with the cationic species depends on the pKa of the 

corresponding bile acids. Bile salts of conjugated head groups were 

found to be better candidates to capture the cationic species as 

compared to that of bile salts having non-conjugated head groups.  The 

hydrophobic interaction dominates as aggregation of bile salts take 

place at higher concentration and results in the entrapment of the 

neutral species.  The rotational relaxation of cationic species of 

Ellipticine was found to be higher in di-hydroxy bile salt aggregates 

compared to that in tri-hydroxy bile salt aggregates. However, 

rotational relaxation of rotational relaxation of neutral Ellipticine 

species is independent of the nature of bile salts.  
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Chapter 4 

Fate of anticancer drug Ellipticine in reverse 

micelles in aqueous and methanolic environment: 

a photophysical approach. 

 In the present chapter, a detailed photophysics of an anticancer agent 

Ellipticine, in Sodium bis(2-ethylhexyl)sulfosuccinate (AOT) reverse 

micelle (RM) have been investigated using steady state and time 

resolved spectroscopy. We observed two opposite spectroscopic 

phenomena with addition of water and methanol to AOT/hydrocarbon 

system. Increase in water content in AOT/hydrocarbon system 

converts neutral Ellipticine into its cationic species while increase in 

methanol content causes Ellipticine to switch over to a neutral species. 

Unlike in pure methanol, we did not observe any solvent assisted 

proton transfer in AOT/hydrocarbon/methanol system. This unique 

observation was explained considering the inhomogeneity of methanol 

entrapped in AOT/hydrocarbon system.    

4.1. Perspective of the Present Study:   

Reverse micelle (RM) provides an attractive model for bio-systems 

since they can mimic several important and essential features of 

biological membranes. One of the significant features of RMs is the 

presence of highly structured and non-homogeneous water molecules, 

which represent an interesting model of water molecules present in 

biological systems such as membranes [1,2,3,4,5]. Enzyme-containing 

RMs may offer novel tools for biotechnology and for drug delivery 

through solubilization of lipophilic drugs [6]. In a recent publication, 

Levinger and co-workers defined AOT/hydrocarbon/methanol system 

as a microemulsion, as this is a continuous system [7]. However, in 

present study we would prefer the inhomogeneity of methanol in 

AOT/hydrocarbon/methanol system as reported by other groups 

[3,4,5]. The motivation of photophysical study of Ellipticine in reverse 
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micelles came from its role as photosensitizer of DNA cleavage [8]. It 

is already reported that in cytoplasm Ellipticine exists in both neutral 

and protonated forms but in nucleus it exist as only protonated species 

[9]. 

Study of photophysical properties inside RM and its switchover from 

one species to another species will certainly help to understand the 

photophyscial behavior of Ellipticine inside biological membrane and 

its role as photosensitizer trigger of nuclease activity by enhancing 

DNA breakage inside tumor cell [8]. From the viewpoint of future 

biophysical applications, it seems interesting to make a vivid study of 

the photophysical processes of Ellipticine in Aerosol–OT (AOT) 

reverse micelles. The structure of AOT is shown in Figure 2.5 (pp. 53). 

4.2. Results and Discussion:   

4.2.1. Steady state absorption and emission spectra:  

We took emission spectra of Ellipticine in aqueous medium at different 

pH. Since the solubility of Ellipticine in aqueous medium is very less 

(<10
-6 

M) so; the change in the absorption spectra particularly at longer 

wavelength with change in pH is difficult of perception. Therefore, we 

would focus on excitation spectra of Ellipticine in aqueous solution 

rather than absorption spectra. The emission spectra of Ellipticine at 

different pH is already shown in previous chapter, still we are showing 

it for the convenience of the readers (Figure 4.1a).  The emission 

spectra of Ellipticine reveal that in acidic condition (pH~2) the 

emission maximum takes place at 540 nm. On the other hand at pH 12, 

an additional band appears around 440 nm with 540 nm band (Figure 

4.1a). The emission maxima at 440 and 540 nm are ascribed to the 

neutral species and cationic species respectively. The excitation spectra 

at pH~ 2 and pH ~ 12 monitored at 540 nm and 440 nm respectively 

are shown in Figure 4.1b. We provided the excitation spectra to 

understand the origin of emission of different species. The excitation 

spectra reveal that the absorption of neutral and cationic species takes 

place at 380 and 425 nm respectively (Figure 4.1b).  
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Figure 4.1. (a) Normalized emission spectra of Ellipticine at different 

pH (b) Normalized excitation spectra of Ellipticine at pH = 2 and pH 

= 12.   

We took absorption and emission spectra in AOT/hydrocarbon system 

at different water and methanol content. In the non-polar solvent like 

hexane, the absorption band appears at 364 nm. Addition of 0.1 M 

AOT to n-hexane produces two major bands at 352 nm and 425 nm. 

The absorption band at 425 nm has a close resemblance with the 

excitation spectra at pH~2. Miskolczy et al. reported that 1,1,1,3,3,3-

hexafluoro-2-propanol (HFIPA) in methanol produces a similar type of 

band at 425 nm [10]. Therefore, we conclude that in AOT reverse 

micelles, Ellipticine is trapped as cationic species. The absorbance was 

found to increase further with increase in w0 value at 352 and 425 nm 

bands (Figure 4.2a).  This fact indicates that with increase in w0 values 

more number of Ellipticine molecules are entrapped in the interfacial 

region of aqueous AOT reverse micelles and are converted into the 

cationic species. It is observed that there is no change in the 

absorbance values beyond w0 = 8. 

Surprisingly, we observed a reverse trend i.e. decrease in absorbance at 

425 nm in AOT/hydrocarbon/methanol system. Interestingly two 

isobestic points that appear at 297 nm and 409 nm implies that more 

than one kind of species exist in the ground state in 

AOT/hydrocarbon/methanol system (Figure 4.2b). 
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Figure 4.2. Absorption spectra of Ellipticine in (a) n-hexane and in 

aqueous reverse micelles at different w0 values (0-32).  In the inset, the 

absorbance values at 425 nm at different w0 are shown. (b) n-hexane 

and AOT/hexane/methanol system at different wm values (0-16). In the 

inset, the absorbance values at 425 nm at different wm are shown. 

We observed a steady decrease in absorbance at 425 nm this indicates 

that with addition of methanol to AOT/hydrocarbon system, cationic 

ellipticinium ions switch over to neutral forms and are removed from 

the head group region. 

In this context the emission spectra could be more informative in 

understanding the observed switchover of Ellipticine from one species 

to other species. In hexane, the emission maximum appears at 385 nm. 

With addition of 0.1 M AOT to this solution the emission band shifts 

to 500 nm. The quantum yield increases from 0.15 to 0.28. The huge 

red shift and increase in the quantum yield in AOT/hydrocarbon 

system ensure the encapsulation of Ellipticines in AOT aggregates.  

With increase in the w0 values, the emission spectra are found to be red 

shifted followed by a decrease in the quantum yield (Figure 4.3a). 

Figure 4.3a also reveals that there is an initial increment in quantum 

yield on going from w0 =0 to w0 = 0.5. The most plausible reason is 

that with increase in water content in reverse micelles neutral species 

are converted into the cationic species and at low water content these 

cationic species are bound to AOT head group region through 

electrostatic interaction. 
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Figure 4.3. (a) The normalized emission spectra of Ellipticine in 

aqueous reverse micelles at different w0 values. In the inset the 

quantum yield versus w0 plot is shown. (b) The emission spectra of 

Ellipticine in AOT/hydrocarbon/methanol system at different wm values 

are shown.  The dotted line indicates the emission of Ellipticine in pure 

methanol, which is normalized at 442 nm with respect to maximum wm 

value. The quantum yield is not shown as there are two absorbing 

species in the ground state.  

One interesting finding is that initially, there is an increase in the 

intensity at 440 nm till w0= 2. We ascribe the emission band at shorter 

wavelength region (around 440) nm to neutral species of Ellipticine 

which remain unbound in the interfacial region. This band 

continuously decreases with increase in the w0 values due to 

conversion of neutral Ellipticines into cationic species. The quantum 

yield versus w0 plot reveals that beyond w0 = 12 there is no significant 

change in the quantum yield. In this context the photophysics in AOT-

methanol microemulsion is more revealing.  We observed that addition 

of methanol to AOT/hydrocarbon system diminishes the intensity at 

500 nm band while another emission band grows up at 440 nm. 

Surprisingly, at highest methanol content the emission band at 500 nm 

almost disappears and the emission band at the shorter wavelength 

(440 nm) becomes the primary band. We observed an isoemissive 

point at around 466 nm in Figure 4.3b which indicates that more than 

one species take part in the excited state reaction. We assign the 

emission bands at 442 nm and 500 nm to neutral and cationic species 
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respectively. Here it is important to note that in pure methanol the 

Ellipticine exhibits two emission bands at 440 nm and at 520 nm. The 

band at 440 nm is attributed to the locally excited (LE) band and the 

second band (520 nm) is attributed to the excited state tautomerization 

through cyclic solvated species [11]. In the present study, the 

disappearance of longer wavelength emission band and the 

reappearance of shorter wavelength emission band indicate that 

cationic ellipticinium species are converted into the neutral species 

with addition of methanol to AOT/hydrocarbon/methanol system. This 

observation may be explained if we consider the inhomogeneity of 

methanol inside the reverse micelles [3-5]. It has been reported that 

four types of methanol molecules are present in AOT/hydrocarbon/ 

methanol system [4]. Among these the trapped methanol is defined as 

the methanol molecules which remain present in the long hydrocarbon 

tail of the AOT molecules. The other three types of methanol 

molecules are sulfonate bound, Na+ bound and bulk type. With 

increase in wm values, sulfonate bound methanol molecules increase 

significantly but bulk type methanol remains constant. Venables et al. 

[12] reported long back that methanol molecules that are hydrogen 

bonded to the head groups of the surfactant cannot donate hydrogen 

bonds to other methanol molecules and the methyl groups would be 

directed towards the centre of reverse micelles, resulting in 

considerable steric congestion. Setua et al. [13] reported that with 

increasing wm the area fraction of the bulk methanol remains 

practically constant. This observation is reasonable and concurrent 

with property that the reverse micellar size of the 

AOT/hydrocarbon/methanol system remains almost constant with 

increase in methanol content. Therefore, in the present study with 

increase in wm values two phenomena take place. The first one is the 

switch over of cationic ellipticinium ions to the neutral species which 

is revealed by a decrease in intensity at 500 nm emission band. The 

second one is that the removed Ellipticines do not undergo any solvent 

assisted proton transfer reaction because in the interface methanol 

molecules are strongly bound to the AOT head groups and these 
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sulfonate bound molecules do not have any hydrogen bonding 

network. However, in case of aqueous reverse micelles free water 

content increases with increase in w0 values. Thus in aqueous reverse 

micelles more number of Ellipticine molecules are converted into 

cationic species and migrate to water pool which is followed by a 

continuous red shift and decrease in the intensity. 

4.2.2. Time Resolved Studies:  

In this context the time resolved study might be more revealing in 

understanding the fate of Ellipticine with addition of water and 

methanol to AOT/hydrocarbon system. In the time resolved studies we 

shall first discuss the anisotropy of Ellipticine in reverse micelles at 

different water and methanol content (Figure 4.4). Ellipticine being 

very hydrophobic in nature is unlikely to penetrate deep inside the 

reverse micellar pool. The cationic species of Ellipticine prefer to bind 

with the negatively charged head groups of AOT. Table 4.1 reveals 

that the longer time constant (r) remains same with increasing w0, till 

w0 = 16. 

 

 

 

 

 

Figure 4.4. Fluorescence anisotropy decays of Ellipticine in (a) 

aqueous reverse micelles at different w0 values. In the inset the 

rotational relaxation time at different water content is shown. (b) 

AOT/hydrocarbon/methanol system at different wm values. In the inset 

the rotational relaxation time at different methanol content is shown. 

We, therefore, ascribe the slower motion to be originating from the 

strong coupling between anionic head group of AOT and cationic 

Ellipticine. The shorter component (1r) may originate from those 
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species which remain unbound in the interfacial region. The decrease 

in the time constant of shorter component from 1 ns to 0.644 ns and 

subsequent increase in its amplitude from 28% to 58% indicate that at 

higher w0, a few Ellipticine molecules penetrate inside the reverse 

micelles leaving AOT interfacial region. A similar type of decrease in 

rotational relaxation is observed with addition of methanol to 

AOT/hydrocarbon system. We already mentioned that with addition of 

methanol to AOT/hydrocarbon system, cationic ellipticinium ions are 

converted into the neutral species. As bulk methanol does not increase 

with wm values, so; the Ellipticine molecules which are removed from 

the interfacial region will remain unbound because methanol is single 

hydrogen bond donor and being bound to sulfonate group cannot offer 

any additional hydrogen bond towards Ellipticine. 

Table 4.1: Rotational relaxation data of Ellipticine in AOT/ 

hydrocarbon system as function of water (w0) and methanol (wm) 

contents.
# 

# Error in the measurement is around 5% 

AOT/hydrocarbon a1r(%) a2r(%) 1r (ns) 2r (ns) <r> (ns) r0 

w0  = 0 0.28 0.72 1.00 2.93 2.39 0.27 

w0 = 2 0.34 0.66 1.40 3.00 2.456 0.32 

w0 = 4 0.42 0.58 1.20 3.20 2.389 0.32 

w0 = 6 0.42 0.58 0.763 3.28 2.222 0.32 

w0 = 8 0.50 0.50 .891 3.05 1.949 0.32 

w0 = 12 0.54 0.46 0.882 3.126 1.924 0.32 

w0 = 16 0.62 0.38 0.738 3.00 1.564 0.29 

w0 = 32 0.58 0.42 0.644 2.44 1.424 0.30 

wm = 0 0.27 0.73 1.23 2.98 2.503 0.27 

wm  = 2 0.81 0.19 1.126 2.553 1.395 0.32 

wm  = 4 0.87 0.13 0.705 2.693 0.948 0.34 

wm  = 6 0.86 0.14 0.464 2.527 0.755 0.29 

wm  = 12 0.90 0.10 0.300 1.450 0.483 0.26 

wm  = 16 1 - 0.367 - 0.367 0.25 



122 
 

In this context the lifetime data may be more useful to interpret the 

observed photophysics. The ground state protonation  corroborates 

well with the life time data. We have measured lifetime of Ellipticine 

at different pH. At pH 10, the lifetime of Ellipticine is bi-exponential 

and the time components are 0.282 ns (95%) and 5.6 ns (5%).  At pH 

~7, the lifetime is bi-exponential and consists of the components of 

1.85 ns (88%) and 5.55 ns (12%). The lifetime did not change on 

decreasing the pH further from 7 to 2. The similar lifetime components 

at pH~2 and pH~7 confirm that at physiological pH Ellipticine remain 

as cationic species in aqueous solution. In bi-exponential decay, the 

shorter component may come from the neutral species and the longer 

component is attributed to the cationic species of Ellipticine. In hexane 

the lifetime was reported earlier [14]. We took decay at 505 nm at 

different w0 and wm values. In AOT/hydrocarbon reverse micelles the 

average lifetime becomes almost 22 ns. The corresponding 

components are 1.10 ns (14%) and 25.35 ns (86%). The results are 

summarized in Table 4.2. We assign that the shorter component to the 

neutral species while the longer component is coming from the cationic 

species which are bound to AOT head group owing to the electrostatic 

interaction. On addition of water to AOT/hexane system, there is a 

decrease in the lifetime.  The longer component decreases from 25 ns 

to 9 ns while the shorter component decreases from 1 ns to 0.459 ns.  

Initially, it is observed that there is an increase in the shorter 

component from 1.10 ns to 1.60 ns with addition of water till w0 = 2. 

This leads to conclusion, that at low water content, water molecules 

prefer to reside in the interfacial region. These water molecules are 

able to form bonds to the neutral Ellipticine molecules through 

hydrogen bonding which may enhance shorter component. The 

amplitude of the shorter component increases from 15% to 35%. The 

decrease in shorter component from nanosecond to a picosecond 

component and subsequent increase in its amplitude indicate that 

Ellipticine molecules gradually migrate to the reverse micellar pool 

leaving AOT interfacial region. We plotted the average lifetime against 



123 
 

the water content of reverse micelles (Figure 4.5a). This fact indicates 

that there is no change in the lifetime component beyond w0 = 12. 

Table 4.2: Lifetimes of Ellipticine in AOT/hydrocarbon system as 

function of water (w0) and methanol (wm) contents.
# 

# Error in the measurement is around 5%   

 It is interesting to note that there is an increase in the radiative rate 

constant with addition of water to AOT/hydrocarbon system till w0 = 

10 (Figure 4.5a). This fact unambiguously proves that with the addition 

AOT/hydrocarbon a1 (%) a2 (%) 1 (ns) 2 (ns) <> (ns) 2 

w0  = 0 0.14 0.86 1.1 25.35 22 1.07 

w0 = 0.5 0.17 0.83 1.20 22.50 19.25 1.15 

w0 = 1 0.20 0.80 1.40 21.50 17.50 1.10 

w0 = 2 0.27 0.73 1.63 18.37 13.89 1.16 

w0 = 4 0.31 0.69 0.91 16.03 11.32 1.17 

w0 = 6 0.34 0.66 0.624 14.21 9.65 1.17 

w0 = 8 0.34 0.66 0.546 12.99 8.77 1.14 

w0 = 12 0.36 0.64 0.491 11.548 7.589 1.21 

w0 = 16 0.35 0.65 0.488 10.76 7.174 1.21 

w0 = 24 0.36 0.64 0.438 9.886 6.47 1.19 

w0 = 32 0.35 0.65 0.459 9.479 6.33 1.15 

wm = 0 0.14 0.86 1.34 25.57 22.53 1.07 

wm  = 1 0.13 0.87 1.60 20.00 17.60 1.10 

wm  = 2 0.15 0.85 2.228 17.69 15.38 1.16 

wm  = 4 0.17 0.83 1.79 13.96 11.94 1.17 

wm  = 6 0.18 0.82 1.27 12.55 10.517 1.17 

wm  = 8 0.20 0.80 1.04 11.86 9.74 1.14 

wm  = 12 0.20 0.80 0.8169 11.36 9.213 1.21 

wm  = 16 0.20 0.80 0.606 11.23 9.102 1.21 



124 
 

0 10 20 30

0.5

1.0

1.5

8

16

24

(a)

0 10 20 30
0.012

0.016

0.020

 

 

k
r
/1

0
-9
s-1

w
0

 


 


 
avg

 

 

T
im

e
 (

n
s)

w
0

0 8 16
0

1

2

8

16

24 (b)

 

 

 


 


 
avg

T
im

e
 (

n
s)

w
m

of water the neutral species are converted into cationic species and at 

low water content cationic Ellipticine molecules will be strongly 

attached to the head group region through electrostatic interaction.  

 

 

 

 

 

Figure 4.5. The lifetime components 1, 2 and avg of Ellipticine (a) at 

different w0 values. In the inset the variation of radiative rate constant 

(kr) at different w0 values are shown. (b) The same at different wm 

values.   

In case of AOT/hydrocarbon/methanol system, we observed a similar 

trend in lifetime like AOT/hydrocarbon/water system. However, in 

AOT/hydrocarbon/methanol system, the increase in the amplitude of 

short component is around 6% compared to that (21%) in aqueous 

reverse micelles (Table 4.2).  These results are in well agreement with 

the assumption that with increase in methanol content the sulfonate 

bound methanol increases but bulk methanol remains same. Moreover, 

size of AOT/hydrocarbon/methanol system does not increase 

significantly. Thus a less number of Ellipticine molecules would be 

moving towards bulk side. It has been reported earlier by Banerjee et 

al. [11] that Ellipticine undergoes a solvent assisted proton transfer in 

methanol. We measured lifetime at 560 nm in AOT/hydrocarbon/ 

methanol system. However, we did not observed any rise component 

even at highest methanol content. This fact also indicates that in 

reverse micelles bulk methanol does not increase with increase in wm. 

Interestingly plot of average lifetime versus methanol content indicates 

no change in the photophysics beyond wm = 6 (Figure 4.5b). In case of 

aqueous reverse micelles the photophysics did not change after w0=10. 



125 
 

This fact confirms that AOT/hydrocarbon/methanol system gets 

saturated at lower solvent content than aqueous reverse micelles. 

However, in pure methanol we do not get any picosecond component. 

Since the neutral species are responsible for shorter component in 

AOT/hydrocarbon system, so; in the interfacial region neutral 

Ellipticine experiences an environment which is independent of the 

nature of solvent. We ascribe this Ellipticine devoid of any kind of 

bonding with the interfacial region. 

4.3. Conclusion: 

The present study reveals that in AOT/hydrocarbon system two 

contradictory phenomena take place upon addition of water and 

methanol. With increase in w0 values, neutral Ellipticine is converted 

into cationic species while with increase in the wm values, cationic 

Ellipticine is converted into neutral species. Interestingly, even at 

highest methanol content, we did not observe any solvent assisted 

proton transfer. We attribute this fact to the lack of bulk methanol in an 

AOT/hydrocarbon/methanol system. Moreover, methanol mostly binds 

to AOT head group region. Therefore, these methanol molecules are 

unable to donate a proton to Ellipticine as well as do not facilitate 

solvent assisted proton transfer. This fact is responsible for the 

observed decrease in fluorescence at longer wavelength in 

AOT/hydrocarbon/methanol system. 

 

 

 

 

 

 

 



126 
 

4.4. References:  

1. Liu J., Xiao Y., Allen C. (2004), Polymer–drug compatibility: A 

guide to the development of delivery systems for the anticancer 

agent, Ellipticine, J. Pharm. Sci., 93, 132-143 (DOI: 

10.1002/jps.10533). 

2. El Mashak E. M., Paoletti C., Tocanne J. F. (1980), Interactions 

between Ellipticine and some derivatives and phospholipids in 

model membranes FEBS Lett., 107, 155-159 

(http://dx.doi.org/10.1016/0014-5793(79)80485-80488). 

3. Nandi N., Bhattacharyya K., Bagchi B. (2000), Dielectric 

Relaxation and Solvation Dynamics of Water in Complex 

Chemical and Biological Systems, Chem. Rev., 100, 2013–2046 

(DOI: 10.1021/cr980127v). 

4. Bhattacharyya K., Bagchi B. (2000), Slow Dynamics of 

Constrained Water in Complex Geometries, J. Phys. Chem. A.  

104, 10603-10613 (DOI: 10.1021/jp001878f).  

5. Bose D., Sarkar D., Girigoswami A., Mahata A., Ghosh D., 

Chattopadhyay N. (2009), Photophysics and rotational relaxation 

dynamics of cationic phenazinium dyes in anionic reverse 

micelles: Effect of methyl substitution, J. Chem. Phys., 131, 

114707-114715 (http://dx.doi.org/10.1063/1.3225476).  

6. Biswas R., Pal S. K. (2004), Caging enzyme function: α-

chymotrypsin in reverse micelle, Chem. Phys. Lett., 387, 221-

226 (http://dx.doi.org/10.1016/j.cplett.2004.02.018).  

7. Correa N. M., Silber J. J., Riter R. E., Levinger N. E. (2012), 

Nonaqueous Polar Solvents in Reverse Micelle Systems, Chem. 

Rev., 112,  4569-4602 (DOI: 10.1021/cr200254q). 

8. Perrouault L., Asseline U., Rivalle C., Thuong N. T., Bisagn E. 

(1990), Sequence specific artificial photo induced endonucleases 

based on triple-helix forming oligonucleotide, Nature, 344, 358-

360 (doi:10.1038/344358a0). 

 



127 
 

9. Schwaller M. A., Allard B., Sureau F., Moreau F. (1994), 

Protonation Equilibrium of Ellipticine Bound to the Energy-

Transducing Membrane of Mitochondria, J. Phys. Chem., 98, 

4209-4211 (DOI: 10.1021/j100067a002).  

10. Miskolczy Z., Biczok L., Jablonkai I. (2006), Effect of 

hydroxylic compounds on the photophysical properties of 

Ellipticine and its 6-methyl derivative: The origin of dual 

fluorescence, Chem. Phys. Lett., 427, 76-81 (DOI: 

S0009261406008918). 

11. Banerjee S., Pabbathi A., Chandra Sekhar M., Samanta A. 

(2011), Dual Fluorescence of Ellipticine: Excited State Proton 

Transfer from Solvent versus Solvent Mediated Intramolecular 

Proton Transfer, J. Phys. Chem. A, 115, 9217-9225 (DOI: 

10.1021/jp206232b). 

12. Venables D. S. , Huang K., Schmuttenmaer C. A. (2001), Effect 

of Reverse Micelle Size on the Librational Band of Confined 

Water and Methanol, J. Phys. Chem. B, 105, 9132-9138 (DOI: 

10.1021/jp0112065). 

13. Setua P., Seth  D., Sarkar N. (2009), To probe the structure of 

methanol and Aerosol OT (AOT) in AOT reverse micelles by 

FTIR measurements, Phys. Chem. Chem. Phys., 11, 8913-8922 

(DOI: 10.1039/B818021K).  

14. Fung S.Y., Duhamel J., Chen P. (2006), Solvent Effect on the 

Photophysical Properties of the Anticancer Agent Ellipticine, J. 

Phys. Chem. A., 110, 11446-11454 (DOI: 10.1021/jp062778y).  

 



128 
 

Chapter 5  

Photophysical and photodynamical study of 

Ellipticine: an anticancer drug molecule in bile 

salt modulated in vitro created liposome. 

In the present chapter, entrapment of anticancer drug Ellipticine in 1,2-

dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) liposome and its 

release by addition of three different bile salts namely Sodium 

deoxycholate (NaDC), cholate (NaC) and taurocholate (NaTC) have 

been studied by steady state and time resolved fluorescence 

spectroscopy. It was found that the release of the drug from liposome 

depends on the degree of penetration of bile salts. Among the three bile 

salts, deoxycholate was most effective in releasing the drug from  

hydrocarbon core of liposome because of its highest insertion ability 

owing to its maximum hydrophobicity.  

5.1. Perspective of the Present Study: 

Liposomes are small spherical  vesicles  which  contain  amphiphilic 

lipid enclosing  an aqueous  core [1,2]. Liposomes  of   desired  size  

are  used  as  biocompatible  and  protective  vehicles, which  

encapsulate  labile  molecules  such  as drugs , proteins  etc [3].
 
These 

systems serve as tools for understanding the permeability and 

physiology of transport of desired molecules [4,5].
 

The major 

functional  characteristics of liposome  that  make them  useful are, 

their ability  to protect the reagents  entrapped within them and to 

deliver those reagents at specific target site [6-8].
 

Physical 

characteristic of liposome are influenced by lipid composition and 

preparation method [9].
  
In present study, DPPC is used, because most 

saturated lipids are sphingolipids and DPPC exhibits properties very 

similar to those of sphingomyelin which is the most popular lipid in 

plasma membrane [10].
 
Natural eukaryotic plasma membranes contain 

cholesterol as a vital component, it is known to reduce the passive 
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permeability of membranes and increase membrane mechanical 

strength [11].
 
It is supposed to widen as well as often shifts the 

transition temperature, modifies the lateral bilayer organization [12]. 

DPPC is a saturated phospholipid and makes up to one third of total 

phospholipid present in the body and also accounts for 10-20 %  of the 

phosphatidyl choline of brain  myelin and erythrocyte membrane [13].
 

Appropriate  amount  of  bio  surfactants such as bile salts when  added  

to the  vesicle,  it solubilize the vesicles  and  release the  entrapped  

drug [14].
  
Liposomes after intake are solubilized under physiological 

conditions in the gastrointestinal tract by bile salts [15].
 

These 

surfactants induce membrane permeability which helps in drug release 

and its absorption [16].
  
Solubilization of liposome by surfactant is due 

to its insertion in the lipid shell of vesicle to form new aggregates [17]. 

The  current  study  was  designed to  determine  whether  such  

liposomes  incorporated  with  drug could  be  made  to  release  the  

encapsulated  drug upon contact with different bile salts. Usually 

vesicles are solubilized by bile salts in three stages. First is vesicular 

stage when the concentration of surfactant is low and surfactant is 

partitioned between aqueous solution and lipid bilayer. When the 

concentration of surfactant is further increased, vesicle micelle co-exist 

and solubilization starts taking place. In the last stage, surfactants are 

at their CMC and disrupt the bilayer into mixed micelles thus complete 

solubilization of vesicle takes place [18,19,20].
 
 At physiological 

concentrations, the bile present in the gallbladder, bile ducts, and 

intestinal lumenis are associated with phospholipids and cholesterol in 

mixed  micellar structures [21]. This suggests that the concentration of 

bile in gall bladder and the hepatic region can theoretically damage the 

membranes, thus liposome can be dissolved in vivo and can release the 

entrapped drug  [22,23,24,25,26].  

Recently, some important photophysical, photodynamical and 

structural properties of lipid formed vesicles and vesicle-bile salt 

complexes have been reported.
 
Hof and co-workers extensively studied 

many physical properties like polarity and viscosity inside the vesicle. 
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They also studied  confinement of different probe molecules in lipid 

vesicles and in lipid-peptide system. [27,28,29].Bhattacharyya and co-

workers studied solvation dynamics and explored ultra slow dynamics 

inside the vesicle [30]. Egelhaaf and coworkers [31,32] have studied 

the structural properties of lecithin and bile salt mixed micelles using 

small angle neutron scattering study.  Sarkar and co-workers [33,34] 

carried out energy transfer in lecithin vesicle and lecithin-bile salt 

mixed micelles. Recently, Mishra and co-workers reported the effect of 

submicellar concentration of different bile salts on liposome using the 

photophysical properties of Fisetin and 1-Napthol [35,36].
 
This group 

also reported the interaction of conjugated and unconjugated bile salts 

with DPPC and DMPC liposomes [37]. 

In the present chapter we would like to report the entrapment of an 

anti-cancer drug Ellipticine in the DPPC vesicle and the release of this 

drug through penetration of bile salts into the vesicle. Ellipticine and 

its 9-methoxy analog have a net amphiphatic character, this structure 

gives ability to interact with the membrane [38].
 
Encapsulation within 

the liposomes  increases  the  bioavailability  of  drug.  Thus liposomes 

show potential as carrier systems for  Ellipticine. This  will enable  one  

to monitor  the  uptake  of Ellipticine by a given  carrier and its release 

with addition of different bile salts  (Deoxycholate, Cholate and 

Taurocholate) from  the  carrier  to  a  target  site  by  monitoring  the  

change  in  absorption  and  emission  spectra. 

5.2. Results and Discussion: 

5.2.1. Characterization of liposomes:  

Before measuring the steady state absorption and emission spectra, we 

characterized the morphology of liposomes using TEM and AFM. 

Figure 5.1 shows TEM image of liposomes which were negatively 

stained with sodium phosphotungstate. Figure 5.2a and 5.2b are the 

AFM images of DPPC liposomes in two and three dimension 

respectively. We also provided the particle size distribution data as 

supporting information in Figure 5.3. The polydispersity factor was 
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around 0.33. The average diameter of liposomes was found to be 

around 43 nm. 

 

 

 

 

 

Figure 5.1. TEM image of DPPC liposome negatively stained with 

sodium phosphotungstate. 

 

 

 

 

 

Figure 5.2. AFM images of DPPC liposome (a) in two dimension (b) 

in three dimension. 

 

 

 

 

 

Figure 5.3. Number (%) distribution of DPPC vesicle at room 

temperature. 
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5.2.2. Steady state absorption and emission spectra: 

Once the morphology of liposome was confirmed by different 

microscopic techniques, we examined the encapsulation of drug 

molecules into the liposome. Ellipticine is very hydrophobic and 

sparingly soluble in aqueous solution. The pKa value of Ellipticine is 

reported to be 7.40 [39]. Therefore; at physiological pH both the 

neutral and protonated species will exist. The emission of Ellipticine is 

highly pH sensitive and arises from both protonated and deprotonated 

species. We took the emission spectra of Ellipticine in aqueous buffer 

solution at physiological pH (pH ~7.40). The emission maximum of 

Ellipticine in buffer solution appears at 535 nm. In liposome medium, 

the solubility of Ellipticine is enhanced more than ten times compared 

to that in aqueous solution. The emission maximum is shifted to 435 

nm and the quantum yield of Ellipticine increases almost twenty five 

times as compared to that in aqueous buffer solution. To ensure the 

encapsulation of the drug molecules in the liposome, we took 

absorption and emission spectra of Ellipticine at several liposome 

concentrations. The corresponding absorption and emission spectra are 

shown in Figure 5.4. The partition coefficient between the lipid and 

aqueous phase was determined in order to quantify the extent of the 

interaction of the drug molecules with the liposome system using the 

following equation [40,41]. 

 
   

 LK

LKII
II

LP

LPwL
w










1
                    (5.1) 

where, IW and IL are the limit fluorescence intensities with all the drug 

molecules in water and  in water and in the lipid phase, respectively, L 

is the molar volume of the phospholipid, and [L] is the lipid 

concentration. Plotting the values of wII  obtained at different lipid 

concentrations versus [L], and performing a nonlinear regression, Kp 

and IL are obtained. The corresponding fit is shown in Figure 5.5a. 

Thus the value of PK  was obtained 2 × 10
4 

considering L  as 0.828 

dm
3 

mol
-1

. 
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Figure 5.4. Steady state spectra of Ellipticine at different lipid  

concentration (a) Absorption spectra (b) Emission spectra. 

However, the experimental data quality obtained using this 

methodology is not satisfactory due to difficulty in measuring precise 

intensity in the presence of significant light scattering caused by 

vesicles suspension. Therefore, we followed the methodology of 

Castanho and co-workers [41] based on the fluorescence lifetime 

measurement where this artifact is avoided. We discussed the results of 

partition coefficient using average lifetime in the next section of this 

chapter. The fitted figure for partition coefficient using average 

fluorescence lifetime is shown in Figure 5.5b.  

 

 

 

 

 

Figure 5.5. Determination of the partition coefficient (Kp) of 

Ellipticine in the aqueous phase and DPPC liposome. (a) Fitting was 

done following equation 5.1 and (b) Fitting was done following 

equation 5.6.(pp.137) 
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We calculated the quantum yield using the following equation: 
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We used Quinine sulphate dihydrate in 0⋅05 M H2SO4 as reference (R 

= 0⋅508). The samples were excited at 325 nm. 

In equation 5.2, nS and nR represent refractive index of the sample (S) 

and reference solution (R) respectively,  I is the integrated emission 

intensity, and A the absorbance. The quantum yield is around 0.0020 in 

aqueous medium and in liposome it becomes around 0.020. The huge 

blue shift (from 535 nm to 435 nm) and simultaneous increase in the 

quantum yield of Ellipticine in liposome solution indicates the 

incorporation of drug in the liposome.   

Fung et al. [42] suggested that dipole and quadruple moments of 

indole ring in Ellipticine are likely to interact with the charged polar 

groups of the phospholipid i.e. molecular internal energy conversion is 

responsible for observed blue shift in the emission spectra. We agreed 

with this fact, however; enormous increase in solubility in liposome 

indicates that  substantial amount of Ellipticine will be entrapped 

inside the hydrophobic core of liposome. With addition of bile salt to 

liposome solution, the  fluorescence intensity decreases at 435 nm and 

increases at 535 nm.  The possible reasons for the decrease in the 

intensity could be due to the removal of drug molecules from 

liposomes as well as the change in the fludity of liposome due to the 

insertion of bile salt. The steady state emission spectra of Ellipticine in 

presence of different concentrations of bile salts are shown in Figure 

5.6. We estimated the Stern-Volmer quenching constant for the same 

using following equation 

  QK
I

I
SV10       (5.3) 

The Stern-Volmer quenching constants obtained upon addition of 

NaDC, NaC and NaTC are 3300, 1200 and 550 M
-1 

respectively. The 



135 
 

400 480 560

400 600

 

 

In
te

n
si

ty
 (

a
.u

.)

Wavelength (nm)

(a)
 0 mM

 0.10 mM

 0.20 mM

 0.40 mM

 0.50 mM

 0.60 mM

 0.70 mM

 0.80 mM

 1.00 mM

 1.20 mM

 

 

In
te

n
si

ty
 (

a
.u

.)

Wavelength (nm)

400 480 560

(b)
 0 mM

 0.1 mM

 0.2 mM

 0.3 mM

 0.4 mM

 0.6 mM

 0.8 mM

 1.00 mM

 1.20 mM

 1.40 mM

 

 

In
te

n
si

ty
 (

a.
u

.)

Wavelength (nm)

emission intensity decreases around 73%, 65% and 45% for 2 mM 

concentration of NaDC, NaC and NaTC respectively. This order is in 

accordance with the hydrophobicity order of bile salt. NaDC possesses 

two hydroxyl groups and an unconjugated head group (-COOH). On 

the other hand NaC and NaTC both the bile salts contain three 

hydroxyl group but they are different in their head groups. NaC 

contains a -COOH head group like NaDC while NaTC has a 

conjugated head group (-CO-NH-SO3Na).  Structures are shown in 

Figure 2.3 (pp. 52). Thus NaDC will be most hydrophobic among three 

bile salts. The hydrophobicity indices of NaDC, NaC and NaTC are 

0.72, 0.13 and 0.00 respectively [35,36,37]. Therefore; we expect that 

NaDC have higher penetrating ability than NaC and NaTC. So, NaDC 

will be more effective in removal of larger number of drug molecules. 

Moreover, because of higher insertion ability, NaDC causes hydration 

of liposome from membrane side to hydrocarbon core. This increases 

the fluidity in the membrane side and hydrocarbon core which is also 

partially responsible for the observed decrease in fluorescence 

intensity. Between cholate and taurocholate, the penetration of cholate 

would be more into the liposome than that of taurocholate.  

       

                                                                                                                            

 

 

 

Figure 5.6. The emission spectra of Ellipticine in liposome at different 

concentrations of bile salt (0-2 mM) (a) For NaDC, in the inset 

normalized spectra of Ellipticine in aqueous buffer (red spectrum) and 

in liposome (black spectrum) are shown  (b) For NaC. 

Therefore, cholate would be more effective in penetration in the 

liposome than taudrocholate hence will quench the fluorescence more. 
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It is interesting to note that upon addition of bile salts there is a growth 

in intensity at 535 nm wavelengths. 

We split the emission spectrum of Ellipticine at highest bile salt 

concentration using a combination of two lognormal functions. It is 

observed that the ratios of area under the two curves corresponding to 

the 535 and 435 nm wavelengths are 1.07 for NaDC, 0.65 for NaC and 

0.55 for NaTC. This fact indicates that NaDC is much more efficient in 

releasing the drug molecules from the hydrocarbon core due to its high 

penetrating ability. Although steady state measurements revealed that 

addition of bile salts release the drug molecules from liposome core, 

however, it does not conclusively predict the location of Ellipticine 

after removal from the liposome. Our studies in chapter 3 indicates that 

in aqueous solution, Ellipticine binds strongly with the negatively 

charged head group of bile salt. Therefore, in the present study it is 

possible that Ellipticine molecules after removal from the liposome 

core are bound to the bile salt and liposome head group region. In this 

context the time resolved study might be more revealing in 

understanding the fate of Ellipticine upon addition of bile salt to 

liposome. 

5.2.3 Time Resolved Studies: 

Under time resolved studies, we shall first discuss the partition 

coefficient using average fluorescence lifetime. The relation between 

average lifetime and partition coefficient is 
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The methodology requires the knowledge of ratio obtained by steady 

state fluorescence spectroscopy 
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where  is the molar absorptivity. To avoid the error associated with 

this determination the following equation was used. 
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where, W  and L  are the fluorescence lifetime in aqueous phase and 

in membrane respectively. By nonlinear fit of   versus  L  data we 

obtained PK  and L  as 4  10
4
 and 18.60 ns. 

We took fluorescence lifetime data to unravel the fate of Ellipticine 

drug molecules in the liposome and liposome-bile salt complex. 

Ellipticine in aqueous medium at pH 7.40 at 535 nm exhibits a bi-

exponential decay. The shorter lifetime component (1) and longer 

lifetime component (2) are around 1.91 ns (90%) and 5 ns (10%). The 

average  lifetime () for Ellipticine at 535 nm is around 2.219 ns. 

Ellipticine when incorporated in liposome, exhibits emission maxima 

at 435 nm. The decay of Ellipticine in liposome at 435 nm is a bi-

exponential function and consists of components around 1.210 ns 

(22.6%) and 25.03 ns (77.6%). Thus the average lifetime is around 20 

ns. Upon addition of 2 mM NaDC, NaC and NaTC to liposome 

solution, average lifetime of Ellipticine is reduced from 20 ns to 11.64 

ns, 13.7 ns and 16.52 ns respectively. The representative fluorescence 

decays of Ellipticine in liposome solution and at different 

concentration of NaDC are shown in Figure 5.7. 

  

 

 

 

 

Figure 5.7. Fluorescence decay curves of Ellipticine as a function of 

concentration of NaDC (0 mM to 1.2 mM) in liposome solution.  
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This order is consistent with the order of decrease in the steady state 

intensity. It is important to note that decrement in average lifetime and 

longer time component values are in the order of NaDC>NaC>NaTC. 

We need to know the actual mechanism, which governs the fate of 

Ellipticine after removal from the liposome core upon addition of bile 

salts. It is already reported that bile salt can penetrate into the liposome 

depending upon their hydrophobicity [37]. The average lifetime at 

different concentrations of bile salts are shown in Figure 5.8. The 

penetration of bile salt may result in the removal of drug molecules 

from the hydrocarbon core and interfacial region. This also brings in 

hydration in the bi-layer as well as liposome core. Blume and co-

workers [43] reported that addition of bile salt to vesicle, initially 

forms unstable mixed vesicles. Sometimes these mixed vesicles form 

larger aggregates.  

 To have a better knowledge regarding the fate of Ellipticine on 

addition of bile salt to Ellipticine embedded liposome, one should look 

into the details of lifetime components along with their relative 

amplitudes. In the following section, we are trying to discuss the 

change in lifetime components with the amplitudes and its implication 

on the fate of Ellipticine after addition of bile salt to liposome solution.   

 

 

   

 

 

Figure 5.8. The average lifetimes of Ellipticine in liposome solution 

with addition of NaDC (green), NaC (red) and NaTC (blue).    

It is revealed from the lifetime data that the shorter lifetime component 

(1) and its amplitude (a1) increase with the gradual addition of bile salt 

to liposome solution, while the longer component (2) and its 
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amplitude (a2) decrease. The change in 1 and 2 values with addition of 

bile salt to liposome solution are shown in Figure 5.9a and 5.9b. And 

the population of shorter and longer lifetime i.e. changes in a1 and a2 

values at different concentration of bile salts are shown in Figure 5.10a 

and 5.10b. The increase in the a1 and 1 values and subsequent decrease 

in the a2 and 2 values raise several questions about the fate of the drug 

molecules after expulsion from liposome. If the simple migration of 

drug molecules takes place from liposome to aqueous phase then, there 

should be a major change in a1 and a2 values but 1 and 2 will remain 

unchanged. However, Figure 5.9 and Figure 5.10 reveal that 1 and a1 

are increasing, while 2 and a2 are decreasing with addition of bile 

salts. Therefore, simple migration of drug molecules from the 

hydrocarbon core to aqueous phase does not merit in this case. The 

possibility of migration of the drug molecules from the interfacial 

region to aqueous phase is also ruled out in a similar argument. If the 

drug molecules are released from the interfacial region of the lipid 

membrane  and migrates to aqueous phase, there would be no change 

in 1 values but the population should change. However, in Figure 5.9 

we observe that 1 increases with the addition of bile salt. Therefore, 

migration of drug molecules from interfacial region to aqueous phase 

seems to be unlikely. Interestingly, we observed that maximum rise in 

1 values takes place with addition of NaDC (from 1.2 ns to 4.50 ns) 

and least with addition of NaTC (1.21 ns to 1.58 ns).  Therefore, we 

explain the change in the a1 and 1 values and subsequent decrease in 

the a2 and 2 values in the following way. It is reported [36] that 

because of one or more hydroxyl groups, hydrophilicity of bile salt is 

higher as compared to conventional surfactants. Bile salts are able to 

carry hydrogen-bonded water by polar hydroxyl groups, which causes 

wetness in membrane and hydrocarbon core region [36]. 

This drops the 2 values of Ellipticine in the liposome. On the other 

hand due to insertion of bile salt, drug molecules are partially removed 

from the hydrocarbon core of liposome which results in decrement in 

the population (a2) of 2. 
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Figure 5.9. The life time components of Ellipticine with addition of 

NaDC (green), NaC (red) and NaTC (blue), (a) shorter component (1) 

and (b) longer component (2).    

 

 

 

 

 

Figure 5.10. The amplitudes of time constant of Ellipticine with 

addition of NaDC (green), NaC (red) and NaTC (blue) to liposome 

solution, (a) shorter component (a1)  and (b) longer component (a2).   

The degree of removal of the drug molecules depends upon the degree 

of insertion in turn upon the hydrophobicity of the bile salt. It is 

noteworthy that  among three bile salts, maximum changes in a1 and a2 

values take place in case of NaDC and least for NaTC.  

In this context study on binding of Ellipticine with different bile salts 

may be significant. We already stated in chapter 3 that, Ellipticine 

binds strongly with the head group of bile salt at physiological pH.
 
The 

strong bonding between bile salt head group and Ellipticine is ascribed 

to the electrostatic interaction which causes an increase in the steady 

state intensity as well as average lifetime of Ellipticine. Ellipticine 
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perhaps are trapped as a cationic species in the interfacial region after 

removal from the liposome, which might be the reason for increasing 

the shorter component along with its amplitude.  

One interesting observation in Figure 5.9a is that beyond 0.75 mM 

concentration of bile salts in liposome, the faster time constant i.e. 1 

decreases for NaDC and NaTC. This is due to the fact that at higher 

concentration of bile salts, hydration takes place in the interfacial 

region significantly which is responsible for the decrease in the 1 

values above 0.75 mM concentration of bile salts . However, steady 

increase in a1 upon addition of bile salts to liposome indicates that the 

drug molecules remain in the bile salt-liposome complex even after 

expulsion from the liposome core.     

5.3. Conclusion:  

The present study revealed the entrapment of Ellipticine drug in DPPC 

liposome and its release by the addition of three different bile salts. We 

found that deoxycholate is more effective in releasing Ellipticine from 

liposome than cholate and taurocholate salts owing to its higher 

hydrophobic character. The decrease in the steady state fluorescence 

and average lifetime of Ellipticine with addition of bile salt were 

attributed to the release of drug molecules from the hydrocarbon core 

of liposome due to insertion of bile salts. It was found in the time 

resolved measurements that with addition of bile salt to liposome 

solution, the shorter lifetime component and its amplitude increase 

while longer component and its amplitude decrease. The drug 

molecules after removal from the liposomes are entrapped in the 

interfacial region due to the electrostatic interaction, which enhance the 

shorter lifetime and its amplitude. Bile salts also cause wetness in the 

membrane and in hydrocarbon core by carrying hydrogen-bonded 

water molecules which reduce the longer lifetime of Ellipticine in 

liposome.  
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Chapter 6 

Binding of an anticancer alkaloid with HSA and 

IgG proteins: A spectroscopic and molecular 

modeling study: 

Study of interaction of Ellipticine with various transport protein is 

essential to gain insight upon solubility and transport of Ellipticine in 

physiological conditions. Interactions of different prototropic species 

of Ellipticine with two prominent serum proteins i.e. Human Serum 

Albumin (HSA) and Immunoglobulin G (IgG) in their native and 

denatured states have been studied by molecular docking, circular 

dichroism (CD), steady state and time resolved fluorescence 

spectroscopy. Unlike, HSA, we found that IgG binds mostly with 

cationic species of Ellipticine in its native state. The fact implies that 

the hydrophobic pocket of IgG is inaccessible to drug molecules. 

However, being denatured by acid and heat treatment hydrophobic 

pockets were found to be exposed and capture the neutral Ellipticine 

molecules. The circular dichroism measurements reveal that upon 

interaction with heat and denatured HSA Ellipticine help in resuming 

α-helical content.  

6.1. Perspective of the Present Study: 

Binding of drugs with proteins in the blood stream is an important 

process in determining the eventual activity and fate of such drugs 

once they entered the circulation. Such interactions with several 

proteins control the rate of distribution excretion as well as toxicity of 

the drug [1,2]. These interactions are significant because drugs have 

maximum affinity towards serum proteins [3,4,5]. The major serum 

proteins are albumin and globulin, albumin mainly help in transport of 

various agents whereas globulins play role in inflammatory response 

[6,7]. Serum albumin is most abundant protein in circulatory system 
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accounting for 60% of the total serum proteins. Human Serum 

Albumin (HSA) is the major component of blood plasma and 

constitutes approximately half of the protein found in blood. It serves 

as transport protein for quite a lot of endogenous and exogenous 

ligands as well as for various drug molecules [8,9,10]. It also 

maintains the colloid osmotic pressure of the circulation, buffers the 

pH of plasma [11,12]. This protein of 585 residue is composed of a 

single polypeptide chain.  It contains three α-helical domain I-III, each 

containing two subdomain [13,14]. The principle regions of ligand 

binding sites in albumin are located in hydrophobic cavities of sub 

domain IIA and IIIA.  Nobleness of HSA lies in its interaction with 

various drugs and intracellular trafficking due to various binding sites 

on this protein [15,16,17,18,19,20,21,22]. 

Along with albumin the major component of serum protein is globulin. 

The normal serum protein level is 6 to 8 gm/dl. Albumin makes up 3.5 

to 5.0 gm/dl and the remainder is total globulin. Globulin constitute 

about 36% of plasma proteins. The serum globulins are classified as   

,   and   globulins,   globulins are major among these and play 

crucial role in defense mechanism and are commonly known as 

immunoglobulin [23,24].  The major   globulins in human blood are 

Immunoglobulin G (IgG). Antibodies principally IgG are intended by 

nature to defend against a variety of pathogens. This is the second most 

copious circulating protein and contains long-standing defensive 

antibodies against several infectious agents. IgG are serene of four 

polypeptide chains, two heavy and two light. These chains are cross 

linked by disulphide bonds in to the Y-shaped structure, which is 

characterized by three fragments (two Fab and one Fc ). Specific amino 

acid sequence in Fab of an IgG determines its ability to selectively bind 

to a particular antigen [25,26,27,28]. These molecules have domains 

that are structurally independent. The typical IgG is highly soluble at 

physiological conditions. A prime attribute of these proteins is that 

non-polar residues are sequestered in a core, where they avoid contact 
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with water. The disclosure of these hydrophobic residue crop up upon 

heat and acid treatment [29,30,31,32,33]. It is anticipated that partial 

denaturation of IgG would lead to an increase in exposed hydrophobic 

surface which results in enhanced binding with 8-Anilinonaphthalene-

1-sulfonic acid (ANS). It is believed that IgG acquire chemo attractant 

activity after exposure of hydrophobic sites. According to several 

reports hydrophobic domains are located at Fab and Fc region of IgG. 

DSC measurements propose that Fab domains are mostly affected  by 

heating at 63º C due to lower melting temperature compared with Fc. 

IgG at low pH provides highly denatured and more hydrophobic 

conformation. Denaturation of Fc and Fab is independent  of each other, 

upon decreasing the pH Fc fragment is primarily affected and is 

denaturated [34,35,36]. Protein function is intimately linked to protein 

flexibility and any interaction between a protein and another molecule 

requires the protein to be able to change its conformation [37,38].  

In this chapter, we compared the binding of Ellipticine with IgG and 

HSA in their native states and various denatured conformations. The 

study of these proteins using Ellipticine the anti cancer drug as probe 

molecule will elaborate the possible transportation of drug through 

serum components in their native and denatured conformations. These 

results are likely to shed critical light on the fundamental 

understanding of binding of drug to native and denatured 

conformations of protein. 

6.2. Results and Discussion: 

6.2.1 Binding of Ellipticine with HSA: 

6.2.1.1. Steady State Emission Spectra: 

We already mentioned in our earlier chapter that at physiological pH, 

both the neutral and cationic species of Ellipticines co-exist. Gradual 

addition of HSA to aqueous solution of Ellipticine brings about drastic 

change in the emission spectra (Figure 6.1). We observe a significant 

increase in quantum yield at 440 nm. However, the intensity at 540 nm 
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remains almost unchanged. This fact indicates that cationic species of 

Ellipticine do not bind with HSA. The emission band at 440 nm in 

native HSA is ascribed to the neutral species of the Ellipticine which 

are entrapped in the hydrophobic pocket of HSA. For a quantitative 

estimation of the binding of drug molecules with HSA, we used 

Bensei-Hildebrand equation for 1:1 complex as shown in the previous 

chapter. 

 For such analysis we used the following equation 

 
][1

][

1

1

0

HSAK

HSAKII
I

HSAEllpf

f






    (6.1)   

The binding constant ( 1K ) obtained from this fitting (Figure 6.1) was 

around 2.5 × 10
5
 M

-1
.   

 

 

 

 

 

Figure 6.1. The emission spectra of Ellipticine at different 

concentration of HSA (0-1 M). The upward arrow indicates the 

increase in intensity with increasing concentration of HSA. In the inset, 

the binding curve of Ellipticine with HSA (0-10 μM) following equation 

6.1 is shown. 

To understand the location of probe molecule in HSA, we carried out 

ANS and warfarin displacement experiments. When ANS is bound to 

HSA its quantum yield increases several folds and emission shifts to 

470 nm.  It is reported that Sudlow site I located at subdomain IIA of 

HSA has much more affinity (Kas = 0.87 × 10
6 

M
-1

) towards ANS 
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compared to that of Sudlow site II located at subdomain IIIA (Kas = 

0.079 × 10
6
 M

-1
) [39,40,41]. 

Titration of ANS bound to HSA against Ellipticine reveals that the 

intensity decreases continuously at 470 nm (Figure 6.2). Thus 

quenching in HSA bound ANS fluorescence proves that Ellipticine 

binds at a certain hydrophobic cavity, in the proximity of tryptophan 

214 (Trp214). Since ANS binds to HSA at more than one site i.e. at 

subdomain IIA and at subdomain IIIA, [41] therefore, ANS 

displacement experiment cannot precisely judge the location of 

Ellipticine in HSA.  

 

 

 

 

 

Figure 6.2. Displacement of site markers from HSA by Ellipticine. 

Fluorescence emission spectra of HSA-ANS (ex = 370) in the presence 

of increasing concentrations of Ellipticine (0-1 M).  

So; we carried out warfarin displacement experiment with Ellipticine 

to find the exact binding site of drug molecules in HSA. The 

anticoagulant drug warfarin is well-known for binding with HSA at 

subdomain IIA as determined by X-ray crystallography [42]. The 

fluorescence intensity of warfarin bound to HSA is higher as compared 

to unbound warfarin. Similar to ANS displacement assay, Ellipticine 

was gradually added to warfarin bound HSA solution but it revealed no 

change in the intensity. This suggests that Ellipticine is not displacing 

the warfarin from Sudlow site I. Therefore, we conclude that 

Ellipticine mostly binds to hydrophobic cavity located in subdomain 



153 

 

IIIA. This site is already reported to have high binding affinity towards 

the molecules having carbazole moiety [43]. 

In this context the energy transfer between Trp214 of HSA (5 M) and 

Ellipticine may be useful to understand the binding of drug molecules 

with HSA. The distance between Trp214 and Ellipticine was estimated 

from the energy transfer efficiency expression: 
 

 

1

6

0

6

0

11


















R

R

I

I
E     (6.2) 

where 
0I  and I  are the intensities of Trp214 emission measured for 

the protein alone and for an Ellipticine-HSA complex, respectively. In 

the present work, the efficiency of energy transfer between Trp214 of 

HSA and Ellipticine was around 25%. In this equality, R is the distance 

between Trp214 and Ellipticine in Angstrom. R0 is a characteristic 

distance for 50% energy transfer efficiency related to the properties of 

donor and acceptor, and can be calculated using following equation 

     
)()()(1079.8 4

0

2456

0  fdfnR  
  (6.3) 

where n is the refractive index of the medium, 
2 is a geometric factor 

related to the relative orientation of the transition dipole moments of 

the donor and acceptor, )(  is the molar absorptivity of Ellipticine, 

and )(f is the normalized fluorescence intensity of Trp214. 

Therefore, 0R is calculated from equation 6.3 using geometrical 

parameter 
2 

as 2/3.  These parameters yielded a value for R0 of 25 Å, 

leading to an estimate for R, the apparent distance between Trp214 and 

Ellipticine of 31 Å. This distance is much higher compared to the 

distance of ligand that generally binds to Sudlow site I. Therefore, it is 

confirmed that Ellipticine primarily binds to Sudlow site II of 

subdomain IIIA. The emission spectra corresponding to energy transfer 

are shown in Figure 6.3. 
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Figure 6.3. Emission spectra of HSA (5 M) in presence of different 

concentration of Ellipticine (0-1M), ex = 295 nm.  The inset shows 

the overlap of absorption and emission spectra of Ellipticine and HSA 

respectively. 

However, unlike HSA different results are obtained when Ellipticine is 

treated with native IgG. It is observed that addition of IgG yields  a 

three times rise in intensity at 540 nm while a marginal increment takes 

place in intensity at 440 nm (Figure 6.4). The significant increment in 

quantum yield at 540 nm implies that cationic species of Ellipticine 

binds with native IgG at physiological condition. It has already been 

reported that IgG has an isoelectric point around 5.80 [26]. This means 

that at pH 7.40, IgG is negatively charged. Therefore, cationic species 

of Ellipticine binds with native IgG through electrostatic interaction. 

The little increment in quantum yield at 440 nm indicates a less 

number of neutral species of Ellipticines bind with the hydrophobic 

pocket of IgG. This also implies that the hydrophobic pocket of IgG is 

inaccessible under native condition. The result was surprising when 

binding experiment was conducted with acid and thermally denatured 

IgG. Figure 6.4b and Figure 6.4c reveal that addition of heat and acid 

denatured IgG to aqueous solution of Ellipticine results in significant 

increment in intensity at 440 nm as compared to that at 540 nm. Since 

emission band at 440 nm corresponds to neutral species of Ellipticine, 

so; enhancement in fluorescence intensity at 440 nm implies that 

neutral species of Ellipticine binds with denatured IgG. 
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Figure 6.4. (a)  Steady state emission spectra of Ellipticine at different 

concentration of native IgG (0-3 M) at pH~7.40 (b) Heat denatured 

IgG (0-3 M) at pH~7.40 (c) Acid denatured IgG.    

Therefore, the boost in intensity at 440 nm with addition of denatured 

IgG may be attributed to the entrapment of Ellipticine in the 

hydrophobic pocket of IgG. We plotted I440/I540 for native IgG and heat 

and acid denatured IgG (Figure 6.5). It is revealed that I440/I540 

decreases for native IgG indicating that cationic species primarily bind 

with native IgG. However, above concentration around 2 µM of IgG, 

all cationic species are grabbed by negatively charged IgG, the neutral 

species binds with hydrophobic pocket of native IgG resulting in an 

enhancement in I440/I540. On the other hand I440/I540 from very 

beginning increases upon addition of denatured IgG leading to the fact 

that neutral species bind with denatured IgG.  

 

 

 

 

Figure 6.5. I440/ I540 plot of Ellipticine in (a) Native IgG (0-10 M) at 

pH~7.40 (b) Heat denatured IgG at pH~7.40 (0-10 M) and (c) acid 

denatured IgG at pH ~30 ((0-10 M).    
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It is reported that upon heat and acid treatment Fab and Fc sites of IgG 

are exposed [36]. Therefore, it can be concluded that Ellipticine binds 

with Fab site when IgG is thermally denatured and with Fc region when 

IgG is acid denatured. Unlike IgG, when binding studies were 

conducted with heat denatured HSA, the quantum yield at Sudlow site 

II was reduced. The similar observation was found when Ellipticine 

was treated with acid denatured HSA. To gain a more insight regarding 

the binding of Ellipticine to IgG and HSA, we plotted the quantum 

yield of Ellipticine at 440 nm at different concentration of native and 

denatured IgG and HSA (Figure 6.6). 

 

 

 

 

 

Figure 6.6. Quantum yield plots of neutral species of Ellipticine at 

various concentration of native, heat denatured and acid denatured 

states of (a) IgG (b) HSA. 

It is revealed from Figure 6.6 that quantum yield of neutral species in 

presence of denatured IgG is much higher compared to that in presence 

of native IgG. This fact clearly supports the above finding that neutral 

species of Ellipticine is entrapped in the hydrophobic pocket of IgG. 

On the other hand the quantum yield was found to be higher in native 

HSA than that in denatured HSA. 

6.2.1.2. Molecular Docking Study: 

The interaction of Ellipticine with HSA and IgG were further probed 

by molecular docking study. In absence of a crystal structure of a 

protien-ligand complex, docking studies are generally carried out to 

obtain detailed information about the binding sites and the binding 
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interactions involved during complexation of ligand with the protein. 

Docking results can substantiate the experimental results to a large 

extent by finding preferred binding region of Ellipticine in the 

respective proteins.  

The emission spectra of Ellipticine in (Figure 6.1) suggest that the 

ligand is going to a hydrophobic pocket of HSA. Subsequent 

experimentations suggest that the ligand is not interacting with site 1 

(subdomain IIA), rather it is binding with other hydrophobic cavity 

(site II) present in subdomain IIIA. This binding site (site II) is 

composed of six helices from subdomain IIIA and has a preformed 

hydrophobic cavity with distinct polar features. The prominent polar 

region in site II is situated close to one side of the entrance to the 

binding pocket. These polar residues include Arg 410, Lys 414 and Ser 

489. The distances between the interacting residues of HSA with the 

ligand are given in Table 6.1. It is evident from Table 6.1 that the polar 

nitrogen atoms of the ligand are in proximity to the polar residues like 

Arg 410, Lys 414 and Ser 489. The earlier report states that site II 

preferentially binds the drugs having peripherally located 

electronegative groups [44]. The compounds like difluisal, diazepam, 

ibuprofen, indoxyl sulphate etc., which bind specifically to site II in 

such a way that at least one oxygen atom is in vicinity of the polar 

patch of site II. A similar type of binding of the ligand with HSA is 

also observed in case of Ellipticine (Figure 6.7), which strongly 

supports and substantiates the experimental observations of binding of 

the ligand to site II. 

 

 

 

 

Figure 6.7. Docked conformation of eppliticine with HSA.  
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Table 6.1. Distances (in Å) between the residues of HSA with the 

ligand 

HSA residue Distance 

Lys 414 N 6.25 (Na) 

Arg 410 N 10.72 (Nb) 

Arg 410 Nδ 9.63 (Na) 

Lys 414 Nε 8.15 (Na) 

Ser 489 O 10.82 (Na) 

To identify the residues taking part in interaction, we have also 

calculated the Accessible Surface Area (ASA) of all the residues in 

free protein and in protein-Ellipticine complex. The changes in ASA of 

the interacting residues are given in Table 6.2. The major change in 

ASA was observed for the polar and charged residues like Arg 410, 

Lys 413, Lys 538, Lys 540. Most notably, the residues like Arg 410, 

Lys 414, which are accessible before interaction, become completely 

buried by the ligand.  

Table 6.2. Changes in accessible surface area of the amino acid 

residues of HSA on interaction with Ellipticine. 

HSA 

residue 

ASA (uncomplexed) (A°
2
) ASA (protein-inhibitor 

complex) (A°
2
) 

∆ASA 

(A°
2
) 

Arg 410 71.25 50.09 21.16 

Lys 413 42.62 1.72 40.9 

Lys 414 13.38 6 7.38 

Glu 492 120.56 100.64 19.92 

Val 493 62.01 30.49 31.52 

Lys 538 200.32 178.64 21.68 

Thr 540 21.97 5.23 16.74 

Lys 541 164.54 139.17 25.37 
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The distance from the ligand to Trp 214 (residue responsible for the 

intrinsic fluorescence of HSA in a major way) of site I was also 

measured and found that the ligand is 30.47 Å apart from Trp 214. 

This distance is very close to that one determined experimentally, 

which suggests a weak energy transfer between Trp 214 and the ligand. 

To find preferred binding sites of Ellipticine within IgG, the ligand was 

docked individually with Fab and Fc region of the protein (Fig. 6.8). In 

the docked structure of Fab region with Ellipticine, it is found that the 

ligand is interacting with Phe 83, Ala 84, and Leu 85 residues through 

hydrophobic interaction and with Arg 106, Gln 166, Asp 167 and Ser 

168 residues polar or charged interaction. CASTp (Computed Atlas of 

Surface Topography of proteins) program was also used to identify the 

surface accessible pockets as well as interior inaccessible cavities for 

proteins. Using CASTp, total 65 pockets have been found to be located 

in Fab region of IgG, out of which the largest pocket have area 1316.1 

Å
2
. Interestingly, we have found that the residues having hydrophobic 

interaction Phe 83, Ala 84, Leu 85 and polar interaction Arg 106, Gln 

166, Asp 167, Ser 168 are also included in this pocket.  

 

 

 

 

 

Figure 6.8. Docked conformation of Ellipticine with (A) Fab and (B) Fc 

regions of IgG protein.   

The hydrophobic residues are buried toward inside whereas polar 

residues are close to the entrance to the binding pocket. Whereas, in 

the docking of Fc region of IgG protein with Ellipticine, interaction 

with Ile 377, Ala 378, Val 379, Tyr 391, Leu 406 residues were found 

(a)  (b

)  
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through hydrophobic interaction and with Thr 393, Pro 395 residues 

through polar interaction. The distances between the interacting 

residues of Fab and Fc regions of IgG protein with the ligand are given 

in Table 6.3 and Table 6.4. It is evident from  these Tables that the 

hydrophobic atoms of  the ligand are in close proximity to the 

hydrophobic residues like Phe 83, Ala 84, Leu 85 of Fab region and the 

hydrophobic residues like Ile 377, Ala 378, Val 379, Tyr 391, Leu 406 

of Fc region of IgG protein, whereas polar nitrogen atoms of the ligand 

are in close proximity to the polar residues like Arg 106, Gln 166, Asp 

167, Ser 168 of Fab region and Thr 393, Thr 394, Pro 395 of Fc region 

of IgG protein. 

Table 6.3. Distances (in Å) between the polar residues of Fab and Fc 

regions of IgG protein with the polar atoms of Ellipticine. 

  Within parenthesis the interacting atoms of the ligand are mentioned. 

Polar residues of 

Fab part 

Distances 

(Å) 

Polar residues of Fc 

part 

Distances (Å) 

Arg 106 

η1N 

N 

 

4.64(Nb) 

4.69(Na) 

Thr 393 

N 

O 

γO 

γO 

 

4.13(Na) 

3.05(Na) 

5.12(Na) 

5.81(Nb) 

Gln166 

ε1O 

ε2N 

N 

O 

 

2.69(Na) 

4.76(Na) 

4.81(Na) 

4.10(Na) 

Thr 394 

N 

O 

O 

 

 

5.21(Na) 

5.39(Na) 

5.50(Nb) 

 

Asp 167 

N 

O 

 

5.48(Na) 

5.23(Na) 

Pro 395 

N 

 

5.75(Na) 

 

Ser 168 

O 

γO 

 

4.23(Nb) 

5.90(Nb) 
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Table 6.4. Distances (in Å) between the hydrophobic residues of Fab 

and Fc regions of IgG protein with the hydrophobic part of ellipticine. 

Within parenthesis the interacting atoms of the ligand are mentioned. 

Hydrophobic 

residues of Fab 

part 

Distances (Å) Hydrophob

ic residues 

of Fc part 

Distances (Å) 

Phe 83 

β-C 

 

3.85(2C), 3.41(3C), 
3.70(9C), 4.09(4C), 

4.37(8C), 4.02(5’-CH3), 

3.96(7’-C), 4.31(8’-C), 

3.52(5’-C), 4.71(6’-C), 

4.25(4’-C) 

Ile 377 

β-C 

4.56(2
’
-C) 

γ-C 4.50(2C), 4.44(3C), 

4.92(9C), 4.49(4’-C), 
4.50(5’-C), 4.51(7’-C), 

4.52(8’-C) 

γ2-C 3.28(2
’
-C), 

4.55(3
’
-C) 

4.73(6
’
-C) 

δ1-C 4.97(2C), 4.96(3C), 
4.68(5’-C), 4.60(4’-C), 

4.30(7’-C), 4.27(8’-C), 

4.59(3’-C), 4.88(2’-C), 

4.59(6’-C) 

Ala 378 

β-C 

4.76(6
’
-C) 

 

Ala 84  

β-C 

4.62(4C), 4.58(5C) Val 379 

β-C 

4.50(5
’
-CH3), 

4.04(6
’
-C), 

4.87(7
’
-C) 

Leu 85 

β-C 

5.96(5C) γ2-C 4.12(6
’
-C) 

γ-C 5.51(5C) 

5.63(6C) 

 Tyr 391 

γ-C 

 

4.78(4C), 

4.76(5C) 

δ1-C 3.59(4C), 
3.86(5C), 

4.73(9C), 

4.68(5
’
-CH3) 

ε1-C 3.20(4C), 
3.75(5C), 

4.34(9C), 

4.91(3C), 

3.76(5
’
-CH3), 

4.77(5
’
-C) 

ζ-C 4.51(5
’
-CH3), 

4.19(4C) 

4.58(5C) 

Leu 406               

δ2-C 

3.65(2
’
-C), 

4.11(3
’
-C), 

4.88(8
’
-C), 

4.74(6
’
-C) 
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To identify the residues taking part in interaction, we have also 

calculated the ASA of all the residues in Fab and Fc regions of IgG 

protein and in protein-ligand complexes summarized in Table 6.5 and 

Table 6.6. From the comparison of ASA of free protein with protein-

ligand complex, it was observed that for both the hydrophobic and 

polar residues ASA decreases significantly after protein-ligand 

interaction. Most notably, the residues like Phe 83, Ala 84 and Gln 166 

of Fab region of IgG protein which are accessible before interaction, 

become completely unaccessible due to ligand whereas residues like 

Ile 377, Ala 378, Val 379 and Leu 406 of Fc region of IgG protein 

become almost buried by the ligand.   

Table 6.5. Changes in accessible surface area of the amino acid 

residues of Fab region of IgG protein on interaction with Ellipticine. 

Table 6.6. Changes in accessible surface area of the amino acid 

residues of Fc region of IgG protein on interaction with Ellipticine. 

Residues of Fc region of 

IgG protein 

ASA (uncomplexed) 

(A°
2
) 

ASA  (protein-ligand 

complex) (A°
2
) 

Ile 377 16.76 1.93 

Ala 378 9.04 0.3 

Val 379 14.76 0.4 

Tyr 391 57.05 20.27 

Thr 393 53.81 6.38 

Thr 394 61.88 24.55 

Pro 395 51.46 16.22 

Leu 406 3.68 0.02 

Residues of Fab 

part 

ASA  of Fab part   

residues in uncomplexed 

IgG (Å
2
) 

ASA  of Fab part   

residues in IgG-

ligand complex (Å
2
) 

Phe 83 34.5 0 

Ala 84 9.75 0 

Leu 85 48.58 21.39 

Arg 106 89.27 39.37 

Gln 166 36.22 0 

Asp 167 50.58 4.69 

Ser 168 101.71 10.9 
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6.2.1.3 Time Resolved Studies: 

In the present study time resolved data will reveal the explicit binding 

of Ellipticine with proteins IgG and HSA. We measured lifetime of 

Ellipticine varying the concentration of IgG and HSA till 10 µM. 

Decays were collected at 440 nm as well as at 540 nm concurrently to 

supervise neutral as well as cationic species. However, in the steady 

state experiment of HSA we did not find any change at 540 nm upon 

addition of HSA. Therefore, in presence of HSA, lifetime was taken at 

440 nm. However, significant changes were observed when decays 

were measured at 440 nm. The results are summarized in Table 6.7. It 

is observed that both the picosecond and nanosecond lifetime 

components increase upon addition of HSA to aqueous Ellipticine 

solution. In aqueous solution at physiological pH, Ellipticine exhibits 

bi-exponential decays at 440 nm. The lifetime components are 0.44 ns 

(87%) and 5.29 ns (13%) and the average lifetime is 1.07 ns. The fast 

component is attributed to the neutral species which are abundant at 

440 nm emission band. On the other hand the slower component may 

come from any other prototropic species. Upon addition of HSA to 

aqueous solution of Ellipticine, we observed that the population of 

picosecond component decreases while a longer component is 

generated and monotonously increases with increasing concentration 

of HSA.  At maximum concentration of HSA (5 µm), the components 

are 2.23 ns (61%) and 16.80 ns (39%). The depletion in the population 

of the picosecond component clearly indicates that neutral Ellipticine 

species bind with the hydrophobic pocket of HSA. The longer 

component suggests that Ellipticine is buried in the hydrophobic 

pocket of HSA. Since the pka of Ellipticine is less [45] in nonpolar 

solvent, therefore, it can be concluded the longer component is coming 

from the neutral Ellipticine species. It is worthy to mention here that 

lifetime of Ellipticine is very high. Again the other component in 

presence of HSA may come from the Ellipticine which are weekly 

bound in the surface of HSA.  
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We took lifetime of Ellipticine at 540 nm in presence of native and 

denatured IgG. The lifetime of Ellipticine in aqueous buffer solution at 

540 nm consists of the components around 1.80 ns (84%) and 5.80 ns 

(16%). The component around 1.84 ns is ascribed to the cationic 

species which is dominated in the aqueous solution at physiological 

condition. 

Table 6.7. Fluorescence Decay Parameters of Ellipticine (λex = 375 

nm) at different concentration of HSA. 

System a1 (%) a2 (%) 1 (ns) 2 (ns) <> (ns) 2 

Conc. HSA  

0 0.95 0.05 0.28 4.36 0.50 1.21 

0.024 0.84 0.16 0.79 5.10 1.48 1.10 

0.049 0.84 0.16 0.87 6.00 1.50 1.12 

0.100 0.83 0.17 1.02 8.24 2.24 1.10 

0.196 0.78 0.21 1.18 13.11 3.65 1.15 

0.314 0.73 0.27 1.37 15.62 5.21 1.10 

0.43 0.72 0.28 1.42 15.98 5.54 1.10 

0.521 0.71 0.29 1.45 17.07 5.97 1.05 

0.61 0.68 0.32 1.66 16.91 6.53 1.05 

0.697 0.67 0.33 1.78 17.36 6.92 1.05 

0.82 0.66 0.34 1.88 17.31 7.12 1.10 

0.9 0.64 0.36 2.19 17.01 7.52 1.05 

1.1 0.63 0.37 2.33 16.97 6.52 1.00 

2 0.63 0.38 2.38 16.90 7.75 1.06 

3 0.61 0.39 2.23 16.50 7.36 1.05 

5 0.61 0.39 2.23 16.80 7.80 1.01 

 

It is unlikely that at 540 nm wavelength, neutral species of Ellipticine 

has any contribution to the emission spectra. Therefore, the longer 

component may come from other prototropic species which are present 

in the solution in a little amount. Table 6.8 (em = 540 nm) reveals that 
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a long component around 12.50 ns is generated at maximum 

concentration of IgG (10 µM).  The population of this component 

monotonously increases till 54%. We, therefore, assign the longer 

component which increases with increasing the concentration of IgG as 

the cationic species bound to IgG. We already mentioned in the 

previous section that IgG remains negatively charged at physiological 

condition. The interaction between cationic species and native IgG is 

governed by electrostatic interaction. The depletion in the population 

of cationic species and subsequent increment in the longer component 

along with its population confirm that cationic species of Ellipticine 

bind with negatively charged IgG. A similar kind of increment in the 

longer component is observed when heat denatured IgG is added to 

aqueous Ellipticine solution. However, Table 6.8 and 6.9 reveals the 

population of the longer component in presence of native IgG is 

around 54% while in case of heat denatured IgG its is around 32% 

rendering a lower average lifetime values in denatured IgG as 

compared to that in native IgG. A plot of population of fast and slower 

component ( 12 aa ) corresponding to decays at 540 nm reveals much 

higher values for native IgG (Figure 6.9c). This may be attributed to 

the fact that upon heat treatment the hydrophobic pockets are exposed 

which may screen the native part of IgG and the interaction between 

cationic Ellipticine and IgG through electrostatic interaction.  

In this context, the decays parameters at 440 nm corroborate well with 

the assumption that neutral species binds with the hydrophobic pocket 

of IgG. In case of HSA, we already mentioned that neutral Ellipticine 

binds with hydrophobic pocket of HSA, similar changes in the lifetime 

of Ellipticine upon addition of IgG to aqueous Ellipticine solution 

indicates that Ellipticine binds with the hydrophobic pocket of IgG. It 

is observed from Table 6.8 and 6.9 that addition of both native and 

heat denatured IgG, enhances both the pico and nanosecond 

components at 440 nm. At maximum concentration (10 M) of native 

IgG, the picosecond component is found to be enhanced from 0.420 ns 
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to 1.20 ns while the nanosecond component increases up to 8.33 ns.  

The population of the nanosecond component increases while that of 

picosecond component decreases. Similar changes were obtained in 

case of HSA at 440 nm decays. Since picosecond component 

represents the neutral species, therefore, drop in population of 

picosecond component and subsequent increment in the population of 

nanosecond component indicates that neutral Ellipticine bind with the 

hydrophobic pocket of native IgG. 

Table 6.8. Lifetime components, normalized amplitudes of lifetime 

components and average  lifetime of Ellipticine in IgG at 440 nm and 

525 nm.
# 

(em = 440) 

Conc. Of  IgG 

(×10
6
M) 

a1 (%) a2 (%) 1 ns 2 ns <> (ns) 

0 0.86 0.14 0.42 5.83 1.17 

0.025 0.8 0.2 0.40 5.50 1.42 

0.05 0.8 0.2 0.42 5.60 1.45 

0.1 0.78 0.22 0.42 5.75 1.59 

0.2 0.83 0.17 0.83 5.80 1.67 

0.4 0.8 0.2 0.84 5.80 1.83 

0.5 0.785 0.225 0.86 6.00 2.00 

0.7 0.77 0.23 1.00 6.20 2.21 

0.8 0.76 0.24 0.97 6.48 2.29 

1 0.75 0.25 0.99 6.60 2.39 

2 0.74 0.26 1.12 6.86 2.61 

3 0.74 0.26 1.10 7.20 2.69 

5 0.74 0.26 1.20 7.91 2.94 

7 0.74 0.26 1.19 8.19 3.00 

10 0.74 0.26 1.10 8.33 2.98 

(em = 540 nm) 

Conc. Of  IgG 

(×10
6
M) 

a1 (%) a2 (%) 1 ns 2 ns <> (ns) 

0 0.84 0.16 1.80 5.80 2.44 



167 

 

0.025 0.82 0.18 1.81 6.00 2.56 

0.05 0.85 0.15 1.80 6.20 2.46 

0.1 0.82 0.18 1.81 6.62 2.67 

0.2 0.79 0.21 1.81 7.73 3.00 

0.3 0.78 0.22 1.82 8.00 3.19 

0.4 0.76 0.24 1.80 9.40 3.62 

0.5 0.74 0.26 1.83 9.40 3.80 

0.6 0.7 0.3 1.81 9.93 4.25 

0.7 0.7 0.3 1.84 10.12 4.32 

0.8 0.66 0.34 1.81 10.83 4.88 

0.9 0.65 0.35 1.85 11.11 5.1 

1 0.6 0.4 1.84 11.39 5.66 

2 0.58 0.42 1.84 11.87 6.00 

3 0.5 0.5 1.86 12.08 6.97 

4 0.48 0.52 1.86 12.63 7.46 

5 0.46 0.54 1.86 12.25 7.47 

7 0.46 0.54 1.87 12.45 7.58 

10 0.46 0.54 1.87 12.50 7.58 

#
Estimated error in the measurement is 5%. 

Table 6.9. Lifetime components, normalized amplitudes of lifetime 

components and average lifetime of Ellipticine in heat denatured IgG 

at 440 nm and 540 nm.
# 

(em = 440) 

Conc. Of  IgG 

(×10
6
M) 

a1 (%) a2 (%) 1 ns 2 ns <> (ns) 

0 0.86 0.14 0.42 5.83 1.17 

0.025 0.80 0.20 0.55 5.97 1.64 

0.05 0.78 0.22 0.64 6.00 1.83 

0.1 0.77 0.23 0.64 6.44 1.97 

0.2 0.76 0.24 0.76 6.66 2.17 

0.4 0.76 0.24 0.833 6.94 2.30 
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0.6 0.75 0.25 0.97 7.64 2.64 

0.8 0.73 0.27 1.11 8.00 2.98 

1.0 0.71 0.29 1.25 8.47 3.34 

2.0 0.68 0.32 1.38 8.75 3.74 

3.0 0.67 0.33 1.52 9.00 3.99 

5.0 0.66 0.34 1.59 9.00 4.12 

7.0 0.65 0.35 1.66 9.1 4.26 

10.0 0.63 0.37 1.66 9.50 4.56 

(em = 540 nm) 

Conc. Of  IgG 

(×10
6
M) 

a1 (%) a2 (%) 1 ns 2 ns <> (ns) 

0 0.84 0.16 1.8 5.8 2.44 

0.025 0.81 0.19 1.57 6.52 2.51 

0.05 0.78 0.22 1.43 6.87 2.63 

0.1 0.76 0.24 1.45 7.15 2.82 

0.2 0.75 0.25 1.42 7.36 2.90 

0.4 0.74 0.26 1.41 7.60 3.0 

0.6 0.73 0.27 1.35 8.00 3.16 

0.8 0.73 0.27 1.35 8.61 3.31 

1.0 0.73 0.27 1.41 9.44 3.58 

2.0 0.74 0.26 1.49 10.28 3.77 

3.0 0.73 0.27 1.53 11.32 4.17 

5.0 0.70 0.3 1.62 12.36 4.84 

7.0 0.69 0.31 1.64 12.39 4.97 

10.0 0.68 0.32 1.58 12.50 5.10 

#
Estimated error in the measurement is 5%. 

This assumption is further supported when decays are measured in 

presence of heat denatured IgG. It is revealed that the addition of 

denatured IgG to aqueous solution of IgG causes an increment in the 

pico and nanosecond components quite similar to native IgG. Although 

the time constants of Ellipticine at 440 nm in denatured IgG remains 

same to that in native IgG, interestingly, decrement in the population 
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of picoseond component is from 86% to 63%. The plot of population 

of fast and slower component ( 12 aa ) corresponding to decays at 440 

nm reveals much higher values for denatured IgG (Figure 6.9d).   
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Figure 6.9.  Plot of average lifetime against concentration of native 

and heat denatured IgG  (a) decay collected at 440 nm (b) decay 

collected at 540 nm (c) Ratio of a2/a1 at 540 nm(d) Ratio of a2/a1 at 

440 nm . 

The higher decrement in the population of picosscond component 

substantiates the fact that more number of neutral species are entrapped 

in the hydrophobic pocket of IgG in its denatured state than in native 

state. We already mentioned that upon heat treatment, the hydrophbic 

pokets are exposed. These hydrophobic pockets enable denatured IgG 

to bind with more number of neutral species and results in higher 

depletion of picosecond component.  

6.3. Circular Dichroism: 

To gain a better insight on interaction of HSA and IgG with Ellipticine, 

CD measurements were performed using HSA and IgG in their native 

and denatured conformations at different concentration of Ellipticine. 

The CD spectra of native HSA exhibit two negative minima at 208 and 

217 nm. The second one is typical characterization of α-helix structure 

of proteins (Figure 6.10) [46].  
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Heat and acid denaturation cause reduction in the peak intensity at all 

wavelength. This reduction in the band intensity indicates conversion 

of α-helix in to other structures. 

 

 

 

 

 

Figure 6.10. Circular Dichroism spectra of Native and denatured HSA 

in presence of Ellipticine (A) CD spectra of HSA in acidic condition 

(B) CD spectra of heat denatured HSA. 

Quantitative analysis of protein secondary structure reveals that native 

HSA contains α-helical structures about 57.7 % (Table 6.10). The 

helical content was reduced up to 30.6 % upon treatment with acid 

(pH~ 3.50). However, we did not observe any significant shift of the 

peaks. Again addition of Ellipticine (2 M Ellpticine) increases the 

band intensity at all wavelengths of the far UV CD and helical content 

was resumed up to 40 %. In a similar fashion the helical content was 

found to increase from 31.5% to 47.0% when heat denatured HSA is 

treated with Elliptcine. This observation confirms that ellipticne brings 

in stabilization of the secondary structure of protein [46]. 

CD spectra of IgG exhibit a negative maximum at 217 nm and a 

positive maximum at 202 nm which is characteristic of β-sheets 

[36,47]. We found that intensity at 202 nm decreased in case of heat 

and acid denatured IgG without any significant shift and this signifies 

increase in random coil (Table 6.10).  Analysis of secondary structure 

reveals that heat denaturation of IgG reduces the percentage of -Sheet 

from 74% to 70% and and -Turns from 12% to 9%.  The probable 
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reason of this change may be the denaturation of IgG at higher 

temperature and conversion of β-sheets and βturns into αhelix and 

random coils. Addition of Ellipticine to heat denatured IgG helps in 

resuming β-sheets structure of IgG and also causes reduction in 

percentage of random coils, in turn, which may result in little binding 

of neutral species of Ellipticine to IgG in its denatured state. This 

assertion is also supported by the fact steady state emission spectra 

show a huge enhancement of peak at 440 nm upon interaction 

Ellipticine with IgG in denatured state. CD spectra of acid denatured 

IgG reveals a decrement in band intensity at 202 nm while the negative 

peak at 217 nm remains less affected. Quantitative analysis signifies 

that acid denaturation of IgG mainly increases the percentage of 

random coils (Table. 6.10).  The decrease in ellipticity at 202 nm band 

signifies that Fc region of IgG is exposed due to acid denaturization 

[48].  

 

 

   

 

 

Figure 6.11.  Circular Dichroism spectra of Native and denatured IgG 

in presence of Ellipticine (A) CD spectra of IgG in acidic condition (B) 

CD spectra of heat denatured IgG. 

Addition of Ellipticine increase in band intensity at 202 nm along with 

reduction in the percentage of random coils and α-Helix. This signifies 

that in acid denatured state Ellipticine binds to Fc region of IgG and 

helps in resuming the ellipticity of IgG by increasing the intensity at 

202 nm. 
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Table 6.10. Secondary structure analysis of HSA and IgG at native and 

denatured states. (calculated by CDNN software). 

System α-Helix (%) -Sheet (%) -Turns Random coils 

HSA 

Native 57.7 % 13.8 % 15.2 % 12.6 % 

Heated 31.5 % 19.8 % 18.5 % 30.1 % 

Heated + 1M Ellp 47.0 % 19.1 % 15.8 % 17.9 % 

pH 3.5 30.6 % 20.8 % 16.8 % 31.7 % 

pH 3.5 + 1M Ellp 33.2 % 24.1 % 18.6 % 24.0 % 

pH 3.5 + 2 M Ellp 40.1 % 18.8 % 17.9 % 23.0 % 

IgG 

Native 3 % 74 % 12 % 11 % 

Heated 7 % 70 % 9 % 14 % 

Heated + 1M Ellp 5 % 73.7 % 10 % 11.5 % 

pH 3.5 2 % 72 % 7.3 % 18.7 % 

pH 3 + 1M Ellp 8.2 % 73.5 % 7.7 % 10.6 % 

 

6.4. Conclusion: 

The present study reveals comparative binding of Ellipticine with HSA 

and IgG. It was observed that neutral species of Ellipticine has more 

affinity towards native HSA in comparison with heat and acid 

denatured HSA. Unlike HSA, neutral Ellipticine has more affinity 

towards denatured IgG in comparision to native IgG. In native state of 

IgG there exist electrostatic attraction between negatively charged 

protein and cationic Ellipticine so we can conclude that cationic 

species of Ellipticine binds with native IgG whereas neutral species of 

Ellipticine binds with native HSA. Circular Dichroism measurements 

confirms renaturation of denatured  protein by addition of Ellipticine. 

So; from the present study we can conclude that serum albumin is 

responsible for transport of neutral species of Ellipticine whereas 

serum globulin is responsible for transport of cationic Ellipticine. 
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Chapter 7 

The fate of anticancer drug, Ellipticine in DPPC 

and DMPC liposomes upon interaction with HSA: 

A photophysical approach. 

In this chapter, anticancer drug, Ellipticine is encapsulated within two 

liposomes namely 1,2-dipalmitoyl-sn-glycero-3-phosphocholine 

(DPPC) and 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) 

and release of this encapsulated drug from these two liposomes upon 

addition of HSA have been studied by steady state and time resolved 

fluorescence spectroscopy. It was observed that HSA penetrates into 

the liposomes through hydrophobic interaction which reduces the 

packing order of the lipid bi-layer and leads to a quenching in 

fluorescence intensity of Ellipticine. DPPC is more dehydrated hence 

more hydrophobic due to its higher phase transition temperature (42
0 

C) as compared to that of DMPC (23
0 

C). Therefore, HSA exhibits 

more affinity towards DPPC than it does towards DMPC. The time 

resolved components revealed that penetration of HSA into liposomes 

results in migration of the drug molecules from liposomes to 

hydrophobic pocket of HSA. Incorporation of HSA in both the 

liposomes increases the rotational relaxation time of Ellipticine. The 

fact confirms that HSA penetrates into the liposome and forms bigger 

complex. 

7.1. Perspective of the Present Study: 

Vesicles  serve  as model systems for  cell  membranes  and  help in  

the study  of  basic  mechanism and function of membranes [1].
 

Liposomes are artificial nanosized small spherical vesicles which 

contain  amphiphilic lipid enclosing  an aqueous  core [2].
 
They are 

promising systems for drug delivery through the blood stream and are 

also known to be protein excipients [3,4,5].
 
If a substance entrapped in 

liposomes is injected intravenously, the substance may be rapidly lost 
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because of interaction of serum components with the liposomes [6]. 

Therefore, it is necessary to visualize the stability of liposomes in 

presence of serum proteins [7]. Human Serum Albumin (HSA) is the 

most prominent protein component of blood plasma. It serves as 

transport protein for several endogenous and exogenous ligands as well 

as for various drug molecules [8].
 
Its tertiary structure is composed of 

three domains I, II and III. Each of the domain contains two sub 

domains A and B. Various ligands bind to hydrophobic cavity in either 

sub domain IIA (Sudlow site I) or IIIA (Sudlow site II) [9,10].
 

Multiple binding sites in these domains on HSA make it a noble 

protein which interacts with drugs and regulates intracellular 

trafficking [11,12,13,14,15,16,17,18]. HSA also binds well with fatty 

acids [19]. It was reported that proteins partially penetrate and deform 

the lipid bi-layer [20,21].
 
HSA partially penetrates into the vesicle and 

gets adsorbed on the surface of vesicles to some extent. Packing of 

hydrophobic tails of the lipid is also disturbed in presence of HSA 

[22]. Charbonneau et al. suggested that both hydrophobic and 

hydrophilic interactions occur for lipid-HSA systems [23]. Various 

groups suggested that for prolonged circulation of liposomes in blood 

stream and to provide stability, cholesterol should be incorporated in 

the vesicle [24,25,26,27]. 
  

In the present chapter, we would like to unravel the release of an 

anticancer drug Ellipticine from two different liposomes upon 

interaction with serum protein. We therefore tried to encapsulate the 

drug in two liposomes namely DPPC and DMPC and studied its 

release with addition of HSA. The lipids, DPPC and DMPC are chosen 

as they vary in their aliphatic chain length as well as in their phase 

transition temperatures. DPPC exhibits properties very similar to those 

of sphingomyelin which is the most predominant sphingolipid in 

plasma membrane. DPPC and DMPC both are zwitterionic lipids, thus 

there will be less electrostatic repulsion among lipid head groups 

which results in formation of more organized liposomes [28].  

Ellipticine and its 9-methoxy analog have a net amphiphatic character 
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and this structure gives them ability to interact with the membranes 

[29].
 
The motivation for present study lies in fact that bio-availability 

of drug is increased by encapsulation within the liposomes, as these 

drug delivery vehicles easily deliver the drug to most prominent 

transport protein of blood plasma, which is mainly responsible for the 

transport of various drugs to their target. Thus present study gives a 

new insight for photophysics of liposome-HSA drug delivery system 

for drugs like Ellipticine.  

In the previous chapters, we already studied the release of Ellipticine 

from DPPC liposomes upon addition of bile salts [30] and binding of 

Ellipticine with HSA. In the present chapter, we would like to reveal 

the photophysics of Ellipticine upon addition of HSA to the drug 

impregnated liposomes. This would enable us to understand the 

interaction between liposomes and HSA and fate of Ellipticine in 

liposomes-HSA system. 

7.2. Results and discussion: 

7.2.1. Steady state measurements:  

After studying the interaction of Ellipticine with HSA in previous 

chapter, we precede to the study the encapsulation of Ellipticine in 

liposomes, we characterized the morphology of liposomes by AFM 

images (Figure 7.1). The size of the liposome was found to be around 

100-120 nm. 

 

 

 

 

 

Figure 7.1. AFM image of (a) DPPC liposomes and (b) DMPC 

liposomes.  

A B 
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 We have estimated the partition coefficient in DPPC and DMPC 

liposomes and compared these coefficients in the light of their phase 

transition temperature.  We found that incorporation of Ellipticine in 

liposomes enhanced quantum yield of Ellipticine almost ten times as 

compared to that in aqueous buffer solution (Figure 7.2a). The 

normalized emission spectra of Ellipticine in DPPC and DMPC 

liposome are shown in Figure 7.2b. It is revealed that Ellipticine is 

little red shifted in DMPC liposome. The observation indicates that in 

DMPC liposomes, Ellipticine experiences a more polar environment 

than that in DPPC. This is because of the fact that DMPC (phase 

transition temperature 23C) remains nearly in liquid crystalline phase 

at room temperature and is more hydrated than DPPC (phase transition 

temperature 43C) as the latter remains in sol gel phase at room 

temperature. It is already reported that lipids having higher phase 

transition temperature are less hydrated than lipids with lower phase 

transition temperature [31]. We determined the partition coefficient of 

Ellipticine in liposomes to quantify the extent of interaction of the drug 

molecules with the liposomes system using the following equation 

[32].  

 

   
 LK

LKII
II

LP

LPwL
w










1
     (7.1)

   

where wI  and LI  are the limit fluorescence intensities with all the drug 

molecules in water and  in the lipid phase, respectively, L is the molar 

volume of the phospholipid, and  L  is the lipid concentration. Plotting 

I as a function of  L , and performing a nonlinear regression, PK  and 

LI are obtained. The corresponding emission spectra and fit are shown 

in Fig. 7.2c. Thus the values of PK  were 1.1  10
4
 and 2.1  10

4
 for 

DPPC and DMPC respectively.  
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Figure 7.2. (a) Emission Spectra of Ellipticine at different 

concentration of DMPC liposomes. (b) Normalized emission spectra of 

Ellipticine in DPPC and DMPC liposomes. (c)  Determination of the 

partition coefficient (Kp) of Ellipticine in DPPC and DMPC liposomes. 

Data was fitted according to equation 7.1. 

The higher partition coefficient in DMPC stems from the fact that 

DMPC remain in nearly liquid crystalline phase while DPPC remains 

in sol gel phase at room temperature. Therefore, the interfacial region 

of DMPC is less packed compared to that in DPPC. This factor eases 

the penetration of Ellipticine in DMPC liposome and increases its 

encapsulation compared to that in DPPC liposome.  As it is confirmed 

that the drug is incorporated in the liposomes, we studied HSA induced 

release mechanism of Ellipticine from liposomes. The gradual addition 

of HSA to Ellipticine loaded liposome solution drops down the 

intensity of drug molecules. We varied HSA concentration till 5 µM.  

Figure 7.3 depicts the steady state emission spectra of Ellipticine at 

different concentration of HSA in DPPC and DMPC liposomes.  
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Figure 7.3. Emission spectra of Ellipticine in (a) DPPC liposomes (b) 

DMPC liposomes varying the concentration of HSA from 0 to 1 M. 

The samples were excited at 375 nm. Downward arrow indicates the 

decrease in intensity. 

The continuous decrease in the intensity with addition of HSA to 

Ellipticine impregnated liposomes implies that HSA interacts with the 

liposomes which may result in release of the drug molecules from 

vesicle [33,34]. The interaction of protein with the hydrocarbon core 

of liposomes and subsequently affecting the packing of hydrocarbon 

tails of the lipids has already been reported by Sabin et al [22]. This 

factor may be responsible for the observed quenching in the 

fluorescence intensity in liposomes. The interfacial tension 

measurement also supports that protein molecules intercalate between 

the hydrophobic tails of the lipids [22].  

We compared extent of quenching in DPPC and DMPC liposomes by 

plotting the quantum yield of Ellipticine as a function of the total 

concentration of HSA (Figure 7.4). The following equation was used to 

estimate the quantum yield in liposomes [30]. 
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We used Quinine sulphate dihydrate in 0⋅05 M H2SO4 as reference 

( R = 0⋅508). The samples were excited at 325 nm.  In equation 7.2, 

sn and Rn represent refractive index of the sample (S) and reference 
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solution (R) respectively, I is the integrated emission intensity and A is 

the absorbance. It is revealed from Fig. 7.4 that quantum yield of 

Ellipticine decreases from 0.20 to 0.125 in DPPC-HSA system while 

the same decreases in DMPC-HSA system from 0.21 to 0.16. The 

higher decrement in quantum yield (Figure 7.4) in former system may 

be attributed to the prehydration level of these two liposomes.  

 

 

 

 

 

Figure 7.4. Quantum yield of elliipticine in DPPC and DMPC 

liposomes at different concentration of HSA. 

At room temperature DMPC remains in nearly liquid crystalline phase 

(LC) phase while DPPC remains in sol gel (SG) phase. Because of LC 

phase, DMPC is much more hydrated and thus less hydrophobic 

compared to its analogue DPPC. Therefore, HSA is supposed to 

interact more with DPPC compared to that with DMPC due to 

hydrophobic interaction which results in higher quenching in DPPC 

compared to that in DMPC. Moreover, the aliphatic hydrophobic chain 

in DPPC is longer by two carbon atoms. It is already reported that 

saturated fatty acids bind with greater affinity to albumins as their 

chain length increases because of an increase in hydrophobic 

interaction [35]. One interesting observation is that although 

fluorescence intensity diminishes at 435 nm, but no enhancement takes 

place at 535 nm. The fact indicates that Ellipticine does not migrate to 

aqueous phase with addition of HSA to liposomes. This is also 

supported by the fact that no isoemissive point is obtained in Fig. 7.3. 

The migration from liposomes to hydrophobic pocket of HSA is 

possible if Ellipticine experiences a similar polarity in HSA and 
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liposomes. In support of the above statement, we have shown the 

normalized emission spectra of Ellipticine in 5 M HSA and DPPC 

liposomes in Figure 7.5.  

 

 

  

 

 

Figure 7.5. Normalized emission spectra of Ellipticine in DPPC 

liposome and 5 M HSA. 

The similar polarity experienced by Ellipticine in liposomes and HSA 

as revealed from Figure 7.5 may facilitate the migration from 

liposomes to hydrophobic pocket of HSA. However, from the steady 

state measurements we cannot get quantitative information regarding 

the release mechanism. Time resolved data may be more important to 

understand the release mechanism of Ellipticine from liposome upon 

addition of HSA.  In the next section, we shall emphasize on the 

formation of liposomes-HSA complex due to partial penetration of 

HSA into liposomes and possible migration of Ellipticine from 

liposomes to HSA.     

7.2.2 Time Resolved Studies: 

In this section we shall first discuss time resolved anisotropy to probe 

interaction of DPPC and DMPC liposomes with HSA. The fitted 

anisotropy decays are shown in Figure 7.6.  The rotational relaxation 

parameters are given in Table 7.1 In aqueous buffer solution at pH 

7.40, Ellipticine exhibits a single exponential decay with a time 

constant of 150 ps. In liposomes, the rotational relaxation of Ellipticine 

is bi-exponential consisting of fast component (fast) of 0.152 ns (65%) 

and slow component (slow) of 2.181 ns (35%) in DPPC liposomes and 
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the same of 0.150 ns (75%) and 2.660 ns (25%) in DMPC liposomes 

respectively. 

 

 

 

 

 

Figure 7.6. Fitted fluorescence anisotropy decays of Ellipticine in (a) 

DPPC liposomes at different concentration of HSA (b) DMPC 

liposomes at different concentration of HSA. 

Table 7.1 reveals that incorporation of HSA causes an enhancement in 

the rotational relaxation time of Ellipticine in DPPC and DMPC 

liposomes. After addition of 5M HSA the fast and slow are 0.150 

(48%) and 3.145 ns (52%) respectively in DPPC liposome while for 

DMPC liposomes fast and slow are 0.160 (57%) and 2.923 ns (43%) 

respectively. The increase in the rotational relaxation time upon 

addition of HSA to liposomes confirms that the Ellipticine molecules 

do not migrate to aqueous phase. So; there is a possibility that 

incorporation of HSA into liposome results in the formation of a bigger 

complex. 

The increase in size of liposome after incorporation of HSA has been 

reported earlier [36]. One interesting observation is that slow as well as 

its amplitude [βslow (%)] are enhanced with increase in HSA 

concentration. Since slow is directly associated to the overall rotational 

motion of the complex, so; slow may increase because of larger size of 

the liposomes–HSA complex. 
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Table 7.1. Rotational relaxation parameters of Ellipticine in liposomes 

and liposome-HSA complex at em = 435 nm
# 

System fast(%) slow(%) 
fast 

(ns) 
slow (ns) 

<r> 

(ns) 
r0 

Buffer solution, 
pH 7.4 

1  0.150  0.150 0.35 

DPPC 0.65 0.35 0.152 2.181 0.861 0.35 

DPPC + 0.1 µM  

HSA 
0.54 0.46 0.170 2.178 1.093 0.37 

DPPC + 0.5 µM 
HSA 

0.57 0.43 0.150 2.202 1.032 0.40 

DPPC + 1 µM  

HSA 
0.47 0.53 0.151 2.750 1.532 0.39 

DPPC + 2 µM  
HSA 

0.47 0.53 0.160 2.914 1.608 0.38 

DPPC + 5 µM  

HSA 
0.48 0.52 0.150 3.145 1.726 0.40 

DMPC 0.75 0.25 0.150 2.660 0.774 0.38 

DMPC + 0.1 

µM  HSA 
0.74 0.26 0.141 2.810 0.859 0.38 

DMPC + 0.5 
µM  HSA 

0.69 0.31 0.151 2.880 0.996 0.39 

DMPC + 1 µM  

HSA 
0.64 0.37 0.150 2.924 1.147 0.40 

DMPC + 2 µM  
HSA 

0.61 0.39 0.160 3.086 1.300 0.40 

DMPC + 5 µM  

HSA 
0.57 0.43 0.160 2.923 1.350 0.39 

# The estimated error in the measurement is around 5%. 

The formation of liposome-HSA complex also results in entrapment of 

larger number of drug molecules. This is revealed by increase in 

amplitude of slow component from 35% to 52% in DPPC-HSA 

complex and from 25% to 43% in DMPC-HSA complex. It is observed 

that the increment in slow in DPPC-HSA complex is around 1 ns while 

the same is around 0.30 ns in DMPC-HSA complex. The higher 

increment in slow in DPPC-HSA complex indicates that HSA 

penetrates more in DPPC than it does in DMPC. It is reasonable 
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because acyl chain in DMPC is shorter than that of DPPC. So; DMPC 

is supposed to be less hydrophobic than DPPC. This is also due to 

higher pre-hydration levels of DMPC vesicles at room temperature 

which in turn reduces its hydrophobicity. Therefore, hydrophobic 

interaction is stronger between DPPC and HSA compared to that 

between DMPC and HSA which leads to lesser penetration of HSA in 

DMPC vesicle.  

In this context, lifetime data may be useful to unravel Ellipticine-HSA 

and liposomes-HSA interaction and fate of Ellipticine in liposomes. In 

the previous chapter, we already reported lifetime of Ellipticine at 440 

nm varying the concentration of HSA. In absence of HSA, Ellipticine 

exhibits bi-exponential decay with the components of 0.446 (87%) and 

5.29 ns (13%) respectively. With addition of HSA, both the picosecond 

and nanosecond components increase. The amplitude of picosecond 

component decreases while that of nanosecond component increases. 

At maximum concentration of HSA (5 M), life time components are 

around 2.23 (61%) and 17 ns (39%) respectively. Thus the average 

lifetime of Ellipticine is around 7.91 ns at 435 nm at 5 M HSA 

concentration. The average lifetime in DMPC liposomes is around 

17.13 ns. In aqueous medium at 440 nm wavelength, Ellipticine does 

not exhibit any 2 ns component. The shorter component (1) in DPPC 

and DMPC respectively corresponds to loosely bound Ellipticine 

molecule in the interfacial region and the longer component (2) 

correspond to those Ellipticine molecules which are strongly held 

inside the liposomes. 

Addition of HSA to liposomes diminishes the average lifetime of 

Ellipticine in liposomes. The fitted time resolved fluorescence decays 

of Ellipticine in liposomes upon addition of HSA are shown in Figure 

7.7 and the results are summarized in Table 7.2.  
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Figure 7.7. Fitted time resolved fluorescence decays of Ellipticine in 

DPPC liposomes at different concentration of HSA. 

Table 7.2. Fluorescence Decay Parameters of Ellipticine (λex = 375 

nm) in DPPC and DMPC liposome at different concentration of HSA 

at em = 435 nm.
# 

System  a1 (%) a2 (%) 1 (ns) 2 (ns) <> (ns) 2 

DPPC liposome  

0 M HSA 0.30 0.70 2.04 23.56 17.10 1.20 

0.024 M HSA 0.38 0.62 1.72 23.10 14.97 1.25 

0.048 M HSA 0.47 0.53 1.34 22.00 12.80 1.20 

0.20 M HSA 0.49 0.51 1.15 21.40 11.48 1.20 

0.31 M HSA 0.52 0.48 1.13 21.40 10.86 1.21 

0.43 M HSA 0.53 0.47 1.11 20.42 10.18 1.16 

0.52 M HSA 0.56 0.44 1.08 20.17 9.48 1.25 

0.61 M HSA 0.54 0.46 1.06 19.50 9.54 1.20 

0.70 M HSA 0.55 0.45 1.05 19.69 9.44 1.15 

0.82 M HSA 0.56 0.44 1.03 18.84 8.87 1.24 

0.90 M HSA 0.56 0.44 1.03 19.28 9.06 1.21 

1.10 M HSA 0.57 0.43 1.03 18.49 8.54 1.20 

2 M HSA 0.57 0.43 1.41 18.17 8.61 1.16 

3 M HSA 0.56 0.44 2.10 18.83 9.46 1.10 

5  M HSA 0.53 0.47 3.03 19.78 11.11 1.10 
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DMPC liposome 

0 M HSA 0.31 0.69 2.18 24.12 17.13 1.11 

0.024 M HSA 0.36 0.64 1.87 24.00 16.03 1.14 

0.048 M HSA 0.37 0.63 1.76 24.09 15.82 1.12 

0.099 M HSA 0.39 0.61 1.61 23.25 14.80 1.15 

0.20 M HSA 0.39 0.61 1.52 22.98 14.60 1.10 

0.31 M HSA 0.41 0.59 1.38 22.84 14.04 1.14 

0.43 M HSA 0.44 0.56 1.18 22.36 13.04 1.13 

0.52 M HSA 0.47 0.53 1.11 22.36 12.37 1.14 

0.61 M HSA 0.48 0.52 1.04 22.41 12.15 1.15 

0.70 M HSA 0.50 0.50 1.04 22.42 11.73 1.13 

0.82 M HSA 0.48 0.52 1.04 21.96 11.91 1.16 

0.9 M HSA 0.49 0.50 1.11 21.89 11.48 1.17 

1.10 M HSA 0.49 0.50 1.11 21.64 11.36 1.15 

2 M HSA 0.50 0.50 1.63 22.56 12.09 1.10 

3 M HSA 0.48 0.52 2.57 23.22 13.72 1.12 

5 M HSA 0.48 0.52 3.38 23.57 13.87 1.10 

# The estimated error in the measurement is around 5%. 

We plotted 1 and 2 values as a function of HSA in liposomes and in 

native HSA in Fig. 7.8 . The drop in 1 and 2 clearly indicates that the 

protein partially penetrates in the lipid bi-layer. Sabin et al. [22] 

reported that interfacial tension is decreased when protein is added to 

liposomes, which indicates that protein molecules intercalate between 

the hydrophobic tails of the lipid molecules. The DSC measurement 

revealed that due to penetration of HSA the phase transition 

temperature of lipid decreases and so the entropy change increases 

[22]. Thus the packing of the lipids is disturbed within the bi-layer i.e. 

their order is reduced. This may result in release of drug from the 

liposomes which drops the values of 1 and 2. Fig. 7.8  reveals that the 

decrease in lifetime 2 and <> is higher in DPPC compared to that in 

DMPC. Since DMPC liposomes remain in liquid crystalline phase at 
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room temperature owing to its lower phase transition temperature (23
0
 

C)  and  DPPC liposomes remain in sol gel phase because of its higher 

phase transition temperature (42
0 

C) [31], therefore, one should expect 

that HSA would penetrate deeper in DMPC than in DPPC liposomes.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7.8. The lifetime components of Ellipticine in HSA, DPPC and 

DMPC liposomes in presence of different concentration of HSA (a) 

<> (b) 2 (c) 1.   

However, because of liquid crystalline phase DMPC is much more 

hydrated compared to DPPC. So; DPPC being less hydrated is more 

hydrophobic which leads to a stronger hydrophobic interaction with 

HSA. One interesting observation revealed in Figure 7.8 is that lifetime 

components do not change beyond 1 M concentration of native HSA 

and in liposome-HSA complex. The break point indicates that the 

Ellipticine could migrate from liposome to HSA. 

This conjecture is validated by the increase in the amplitude of the 

shorter component (a1) and decrease in the amplitude of longer 
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component (a2). The change in the values of amplitudes (i.e. a1 and a2) 

may take place due to migration of Ellipticine from liposomes to 

hydrophobic pocket of HSA. To confirm this fact we plotted ratio of a2 

and a1 as a function of HSA concentration (Fig. 7.9).  It is revealed that 

like lifetime components (Figure 7.8), a very similar discontinuity in 

the amplitude is observed at 1 M concentration of HSA in Figure 7.9. 

This fact confirms that Ellipticine migrate from liposome to 

hydrophobic pocket of HSA.  

 

 

 

 

 

Figure 7.9. The ratio of amplitudes of slow and fast components 

(a2/a1) of Ellipticine in native HSA, in DPPC and DMPC liposomes at 

different concentration of HSA. 

Ellipticine experiences almost similar polarity in liposomes and HSA 

which may facilitate the migration. One interesting observation is that 

at 1M concentration of HSA, the lifetime parameters of Ellipticine in 

native HSA is in closer proximity to that in DPPC liposome compared 

to that in DMPC liposomes. This fact confirms that HSA has a stronger 

interaction with DPPC compared to that with DMPC.  

7.3. Conclusion:  

The present study revealed the release of encapsulated Ellipticine from 

DPPC and DMPC liposomes upon interaction with HSA. The 

entrapment of Ellipticine in liposome is confirmed by partition 

coefficient, huge increase in quantum yield and by significant blue 

shift. By addition of HSA to Ellipticine encapsulated liposome, HSA 

penetrates the liposome due to hydrophobic interaction and causes 
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migration of Ellipticine from liposome to HSA. Since DPPC is more 

hydrophobic and less prehydrated than DMPC, so; HSA exhibits 

deeper penetration in DPPC resulting in higher quenching and more 

decrement in average lifetime. The increment in rotational relaxation 

time with incorporation of HSA suggests the penetrative interaction as 

well as formation of a bigger complex. 
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Chapter 8 

Interaction of human serum albumin with liposomes 

of saturated and unsaturated lipids with different 

phase transition temperatures: a spectroscopic 

investigation by membrane probe PRODAN 

The interaction of human serum albumin (HSA) with liposomes made 

of saturated and unsaturated phosphocholines having distinctly 

different phase transition temperatures has been studied using circular 

dichroism (CD), steady state and time resolved fluorescence 

spectroscopic techniques. We used 1,2-dipalmitoyl-sn-glycero-3-

phosphocholine (DPPC), 1,2-dimyristoyl-sn-glycero-3-phosphocholine 

(DMPC) as the saturated lipid and 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC), 2-oleoyl-1-palmitoyl-snglycero-3-

phosphocholine (POPC) as the unsaturated lipid to prepare liposomes. 

The steady state and time resolved fluorescence spectra of PRODAN 

(6-propionyl 1,2-dimethylaminonaphthalene) were monitored to 

unravel the interaction between liposome and HSA.  

8.1. Perspective of the Present Study: 

Plasma membrane is a complicated assembly of lipids and proteins, 

organized into various specialized microdomains with versatile 

diversity [1].
 
To overcome the problems associated with this diversity 

it is worthwhile to use synthetic liposomes or vesicles which mimic the 

geometry and topology of cell membranes [2,3].
 
Phospholipids form 

the fundamental matrix of natural membranes and represent the 

environment in which many proteins and various macro molecules 

display their activity [4].
 

Therefore characterization of lipid 

membranes with sufficient selectivity will help to study the variation 

around its bulk properties [5]. Owing to their small size, amphiphilic 

character, and biocompatibility, liposomes or vesicles are promising 
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systems for drug delivery through the blood stream [6,7]. Therefore it 

is necessary to visualize the stability of liposomes in presence of serum 

proteins [8]. Human Serum Albumin (HSA) is the most prominent 

component of blood plasma. It serves as transport protein for several 

endogenous and exogenous ligands as well as for various drug 

molecules [9,10,11,12,13,14,15,16,17].
 
HSA also binds well with fatty 

acids [18].
 
 It is reported that proteins partially penetrate and deform 

the lipid bi-layer [19,20].
  

HSA penetrates into the vesicle and gets 

adsorbed on the surface of vesicles to some extent. Packing of 

hydrophobic tails of the lipid is also disturbed in presence of HSA 

[21,22,23].
 
Charbonneau et al. suggested that both hydrophobic and 

hydrophilic interactions occur for liposome-HSA systems [24]. 

Various groups suggested that for prolonged circulation of liposomes 

in blood stream and to provide stability, cholesterol should be 

incorporated in the vesicle [25,26,27,28].
 

Although there are a few reports regarding liposome-HSA system 

[19,20,21,22,23,24], however, none of the studies addressed the nature 

of interaction between liposome and HSA by fluorescence 

spectroscopy using a polarity sensitive membrane probe. Moreover, it 

was not answered what will be fate of encapsulated molecules inside 

the liposome upon interaction with HSA. Therefore, it is desirable to 

undertake a study which involves different kind of liposomes. The 

present work has the novelty because it involves four different 

phosphatidylcholines lipids with zwitterionic head groups. These lipids 

are widely different in terms of their phase transition temperature and 

nature of their acyl chain. DPPC and DMPC are saturated 

phospholipids while DOPC and POPC contain unsaturation in their 

acyl chain (Figure 2.4 pp. 52). Phosphatidylcholines are dominant in 

eukaryotic membranes [29]. The lipids of more metabolically active 

membranes are considerably more unsaturated. POPC bilayers provide 

relevant models for the matrix of the endoplasmic reticulum [30]. 

DPPC exhibits properties very similar to those of sphingomyelin which 
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is the most abundant lipid in plasma membrane [31].
  

Hof and 

coworkers used PRODAN as probes within the lipid bilayer for studing 

solvation and photophysical properties within model membranes 

[32,33]. In our previous chapter, we encapsulated anticancer drug 

ellipticine in DPPC vesicles and studied its release by various bile salts 

[34]. The present study is done to reveal protein-liposome interaction 

and the transport of various drugs through lipid bilayers via Human 

Serum Albumin (HSA) with the help of fluorescence spectroscopy. 

Fluorescence spectroscopy has several advantages including a high 

sensitivity, a noninvasive nature, an intrinsic time scale and an 

excellent response to the physical properties of membrane [35].For this 

purpose PRODAN (Figure 2.2 pp. 52) has been chosen as a probe 

molecule primarily to study the environment inside the liposomes and 

to reveal the liposome-HSA interaction. Photophysical properties of 

PRODAN has already been discussed in chapter 2. 

HSA contains only one tryptophan residue at position 214 (Trp214) in 

domain II and one free cystine residue at position 34 in domain I, 

moreover it has 17 disulphide bonds [36]. The free thiol group allows 

site specific labeling of protein with chromophoric or fluorescent 

probes [37,38]. PRODAN binds with HSA within Sudlow site I i.e. on 

warfarin binding site [39].
 
 So far, interaction of PRODAN with 

liposome and HSA is reported individually. But interaction of HSA 

and liposome is still unexplored using a membrane probe. Therefore, 

photophysics of PRODAN by steady state and time resolved 

spectroscopy will not only be able to reveal the environment inside the 

HSA, liposome and liposome-HSA complex but will also give a new 

insight regarding the interaction between liposomes and HSA. This 

study may further help in designing a novel drug delivery system for 

various drugs exhibiting properties very similar to PRODAN.    
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8.2. Results and Discussion: 

We divided the results and discussion section in three tiers. At first we 

studied the interaction of PRODAN with HSA. In the second section 

we studied the interaction of PRODAN with Liposome. In the third 

section interaction between HSA and liposome has been studied. 

8.2.1. Interaction of PRODAN with HSA: 

PRODAN exhibits emission maxima at 520 nm in aqueous buffer 

solution. Addition of HSA to the buffer solution of PRODAN 

diminishes the intensity at 520 nm and additionally a band appears 

at 455 nm. The band at 455 nm is attributed to the LE state of HSA 

bound PRODAN. The appearance of LE state indicates that 

PRODAN experiences a less polar environment in HSA. With 

increase in HSA concentration, the contribution of TICT band 

decreases while that of LE band increases which implies that more 

number of PRODAN molecules bind with HSA. Interestingly, we 

obtained an isoemissive point at around 510 nm which implies that 

there are two emitting species in the excited state. The emission 

spectrum of PRODAN in presence of 20 µM of HSA was 

deconvoluted by a combination of the lognormal functions to show 

simultaneous existence of CT and LE species (Figure 8.1a) by 

taking the emission spectrum of PRODAN in aqueous buffer 

solution as reference. We estimated binding constant of PRODAN 

molecules with HSA using Bensei-Hildebrand equation as  in the 

previous chapter for 1:1 complex as following. 
 

 
][1
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    (8.1) 

where, 
0

fI  is the fluorescence intensity of PRODAN in absence of 

HSA and 
HSAPRODI 

 is the fluorescence intensity when all PRODAN 

molecules form complex with HSA. The nonlinear regression 

analysis following equation 8.1 yields the binding constant (k1) 
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 (Figure 8.1b). The earlier report

 
[40] states that 

PRODAN binds with HSA at Sudlow site I i.e. on warfarin binding 

site. This observation is consistent with our experimental result 

(The data are not shown). The formation of complex between 

PRODAN and HSA is exothermic with value of ΔHº = -22.82 KJ 

mol
-1 

[39]. It was also reported that PRODAN does not bring about 

any conformational changes in HSA [40]. 

 

 

 

 

 

Figure 8.1. (a) The emission spectra of PRODAN at different 

concentration of HSA. Inset is the emission spectrum of PRODAN 

in presence of 20 µM HSA that has been deconvoluted in LE and 

TICT state. (b) The fitted binding curve between PRODAN and 

HSA following equation 8.1. 

To gain more specific local information about the binding of 

PRODAN to HSA, we estimated the energy transfer efficiency 

between PRODAN and HSA by monitoring the emission spectra of 

Trp214 of HSA (Figure 8.2). The distance between Trp214 and 

PRODAN was estimated from the energy transfer efficiency 

expression:  
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E     (8.2) 

where 
0I  and I  are the intensities of Trp214 emission measured for 

the protein alone and for PRODAN-HSA complex, respectively. 

Figure 8.2 reveals that the efficiency of energy transfer between 



205 

 

Trp214 of HSA and PRODAN is around 43%. Such weak energy 

transfer indicates that PRODAN molecules bind at a location which is 

away from tryptophan.  In the equality, R is the distance between 

Trp214 and PRODAN in Angstrom. R0 is a characteristic Forster 

distance for 50% energy transfer efficiency related to the properties of 

donor and acceptor and can be calculated using following equation 

  )()()(1079.8 4

0

2456

0  fdfnR   (8.3) 

where, n is the refractive index of the medium, 
2 is a geometric 

factor related to the relative orientation of the transition dipole 

moments of the donor and acceptor, )(  is the molar absorptivity 

of PRODAN, and )(f is the normalized fluorescence intensity of 

Trp214. Therefore,
0R is calculated from equation 8.3 using 

geometrical parameter 
2 

as 2/3. These parameters yielded a value 

for R0 of 26 Å, leading to an estimate for R, the apparent distance 

between Trp214 and PRODAN being 24 Å.  We fitted the 

quenching data with a modified Stern-Volmer equation as follows 

[41]: 

 
BBLSV
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][10    (8.4) 

In this equation 0I is the intensity of HSA in absence of PRODAN. 

SVK is the Stern-Volmer quenching constant and   

  
0

,0

I

I
f

B

B        (8.5) 

where 
BI ,0

is fluorescence intensity of the tryptophan accessible to 

quencher. Thus the estimated SVK  and Bf were around 1.77  10
6
 

M
-1

 and 0.54 respectively. 
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Figure 8.2. Emission spectra of HSA (10 M) in presence of 

different concentration of PRODAN (0-2 M). 

We measured the fluorescence lifetime of PRODAN at 457 and 

520 nm at different concentration of HSA (Table 8.1). The decay 

of PRODAN at 50 µM concentration of HSA at the 457 nm is 

comprised of 0.90 ns (33%) and 4.00 ns (67%) components with an 

average lifetime of 3.00 ns. We assign the time component of 4.00 

ns to HSA bound PRODAN and the species with time component 

of 0.90 ns to the free PRODAN species in aqueous medium. Our 

result is consistent with the measurement made by Basak and co-

workers [42]. The increase in fluorescent quantum yield and 

lifetime of PRODAN and its derivative when bound to protein is 

due to reduced conformational freedom of the amine and carbonyl 

groups because of the close packing of surrounding protein [43].
 

The significant increase in longer component from 45% to 67% 

upon addition of 50 µm HSA clearly indicates that PRODAN 

molecules are entrapped inside the hydrophobic pocket of HSA. 

Table 8.1 reveals a similar component at 520 nm when PRODAN 

binds with HSA. The lifetime at 520 nm was fitted with a bi-

exponential function. The increase in nanosecond component 

which represents HSA bound PRODAN species from 26% to 45% 

confirms the binding of PRODAN molecules with HSA. 
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Table 8.1. Lifetime components, normalized amplitudes of lifetime 

components and average lifetime of PRODAN in HSA at 520 nm and 

457 nm.
# 

#
Estimated

 
error in the measurement is around ± 5% 

 

(em = 520 nm) 

Conc. Of  

HSA (×10
-6

M) 

a1 (%) a2 (%) a3 (%) 1  (ns) 2  (ns) 3 (ns) <> (ns) 2 

0 0.74 0.26  0.62 1.80  0.93 1.21 

1 0.79 0.21  0.68 2.24  1.00 1.11 

3 0.79 0.21  0.70 2.70  1.12 1.25 

6 0.78 0.22  0.75 3.24  1.30 1.06 

10 0.74 0.26  0.76 3.52  1.48 1.20 

16 0.68 0.32  0.75 3.71  1.69 1.11 

20 0.66 0.34  0.76 3.83  1.80 1.03 

25 0.63 0.37  0.75 3.89  1.91 1.20 

30 0.61 0.39  0.78 3.97  2.00 1.11 

40 0.57 0.43  0.74 3.96  2.12 1.05 

50 0.55 0.45  0.73 4.03  2.20 1.12 

(em = 457 nm) 

1 0.55 0.45  0.73 3.60  2.00 1.19 

2 0.46 0.54  0.80 3.65  2.34 1.21 

3 0.43 0.57  0.79 3.68  2.44 1.05 

4 0.40 0.60  0.74 3.66  2.49 1.11 

6 0.36 0.64  0.81 3.70  2.66 1.21 

10 0.34 0.66  0.85 3.75  2.76 1.27 

16 0.34 0.66  0.87 3.78  2.79 1.08 

20 0.33 0.67  0.82 3.80  2.81 1.11 

25 0.33 0.67  0.79 3.80  2.80 1.20 

30 0.33 0.67  0.80 3.85  2.84 1.15 

40 0.33 0.67  0.80 3.95  2.91 1.07 

50 0.33 0.67  0.90 4.00  3.00 1.11 
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8.2.2. Interaction of PRODAN with Liposomes: 

 In this section we first encapsulate PRODAN in different 

liposomes. Addition of liposomes to aqueous solution of PRODAN 

causes a blue shift in emission spectra followed by a new band at 

435 nm. This band is assigned as LE state of PRODAN. The 

appearance of LE band indicates that PRODAN molecules are 

encapsulated inside the liposomes.  Interestingly, we observed an 

isoemissive point in DPPC and DMPC liposomes which indicates 

the existence of two emissive species in these two liposomes 

(Figure 8.3). On the other hand isoemissive point was not observed 

when PRODAN is incorporated into DOPC and POPC liposomes.  

 

 

 

 

 

 

 

 

 

 

Figure 8.3. The emission spectra of PRODAN at different 

concentration of liposomes (a) DPPC (b) DMPC (c) DOPC and (d) 

POPC liposomes. 

A similar observation was reported by Correa and co-workers in 

case of DOPC liposomes [44]. They explained this observation 

with the model proposed by Chong and co-workers [45].
 
The lack 
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of isoemissive point in POPC and DOPC liposomes may be due to 

absence of a prominent LE state in DOPC and POPC liposomes. 

To explain this observation we consider the differences in the 

hydration level which depends on the phase transition temperature 

of the lipids. DPPC and DMPC have phase transition temperatures 

around 43

C and 23


C respectively while POPC and DOPC have 

phase transition temperature around - 2

C and - 20


C respectively. 

It is reported by Horta and co-workers [46] that the liposomes 

having lower phase transition temperature is more hydrated than 

liposomes having higher phase transition temperature. Again 

because of much lower phase transition temperature, DOPC and 

POPC are significantly much more hydrated and are much softer 

than DPPC and DMPC at room temperature. PRODAN molecules 

are mostly encapsulated in the interfacial region of DOPC and 

POPC. Since DOPC and POPC exist in the liquid crystalline phase 

at room temperature, the non polar region is less motionally 

restricted compared to that in interfacial region. Thus lack of a 

prominent LE state may be responsible for absence of an 

isoemissive point. The normalized emission spectra of PRODAN 

(Figure 8.4) in different liposomes at room temperature reveal that 

maximum blue shift takes place in DPPC liposomes.  

 

 

   

 

 

Figure 8.4. Normalized emission spectra of PRODAN in different 

liposomes.  

This fact also indicates that DPPC and DMPC are more 

hydrophobic as compared to DOPC and POPC due to their higher 
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phase transition temperature and due to difference in their 

prehydration levels. 

Correa and co-workers correlated the maximum emission band 

energy of PRODAN (Eem-PRODAN) with E T (30) polarity scale for 

different solvents by the following equation [44].
 

   
(8.6) 

 

Following this equation 
)30(TE  values as obtained for DPPC, 

DMPC, POPC and DOPC liposomes are 41.7, 47, 52 and 54 

Kcal/mol respectively. The different micropolarity as experienced 

by PRODAN in different liposomes could be attributed to the 

difference in their prehydration levels which further depends on 

phase transition temperatures. At room temperature DPPC vesicles 

remain in sol gel phase (SG) and DMPC vesicles remain in nearly 

liquid crystalline (LC) phase. As, torsion of the –N(CH3)2 are more 

restricted in SG phase of the phospholipid bilayer than that in LC 

phase, LE band has less contribution in LC phase compared to that 

in sol gel phase. DOPC and POPC liposomes exist completely in 

LC phase at room temperature. Thus they have similar emission 

spectra for PRODAN at room temperature which is clear from 

Figure 8.4.  

We estimated the partition coefficient of PRODAN in different 

liposomes using the following equation [47]. 

 
  00

16.551

FLFKF P

      (8.7) 

where 0F  and F  are fluorescence intensities of PRODAN 

molecules in aqueous and  in  lipid phase, respectively, L  is the 

lipid concentration and the molar concentration of water was 

considered to be 55.6 M. Thus using equation 8.7 and the slopes 

from Figure 8.5, the calculated PK values are 1.0  10
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liposomes respectively. Notably the lower partition coefficient in 

DPPC liposomes compared to that in other liposomes stems from 

the fact that the interfacial region of DPPC is much more rigid due 

to its sol gel phase and this rigidity hinders the encapsulation of 

more number of PRODAN molecules. The liposomes like DMPC, 

DOPC and POPC remain in liquid crystalline phase at room 

temperature and they allow PRODAN to penetrate in the interfacial 

region. 

 

    

 

 

 

Figure 8.5. Double reciprocal plot of the intensity of PRODAN 

with respect to concentration different liposomes.   

We estimated the lifetime of PRODAN at various concentrations of 

liposomes at 440 and 520 nm. The values of lifetime for different 

vesicles are summarized in Table 8.2a and Table 8.2b and the 

representative decays are shown in Figure 8.6. PRODAN exhibits a 

bi-exponential decay in aqueous buffer solution at 520 nm with the 

lifetime components 0.62 ns (1) and 1.8 ns (2) with a population 

of 74% and 26% respectively.  
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Table 8.2a. Lifetime components, normalized amplitudes and 

average lifetime of PRODAN at different concentration of 

liposomes at 520 nm.
#
 

Conc. Of DPPC (×10
-3

M) (em = 520 nm) 

 a1 (%) a2 (%) a3 (%) 1  (ns) 2  (ns) 3 (ns) <> (ns) 2 

0 0.74 0.26  0.60 1.8  0.95 1.1 

0.05 0.82 0.18  0.69 2.60  1.00 1.43 

0.10 0.63 0.28 0.09 0.57 1.48 4.47 1.16 1.09 

0.20 0.55 0.31 0.14 0.52 1.36 4.73 1.37 1.04 

0.30 0.59 0.22 0.18 0.58 1.61 4.97 1.62 1.07 

0.40 0.59 0.19 0.22 0.61 1.90 5.16 1.84 1.02 

0.50 0.58 0.17 0.25 0.63 2.11 5.23 2.00 1.04 

0.60 0.53 0.16 0.31 0.64 2.17 5.19 2.28 1.06 

Conc. Of DMPC (×10
-3

M) (em = 520 nm) 

0.025 0.41 0.46 0.14 0.412 1.00 4.09 1.18 1.06 

0.05 0.51 0.28 0.22 0.524 1.13 4.75 1.60 1.08 

0.10 0.59 0.41  0.605 4.92  2.36 1.12 

0.20 0.29 0.71  0.583 4.55  3.40 1.02 

0.30 0.20 0.80  0.577 4.65  3.83 1.05 

0.40 1 -  - 4.50  4.50 1.20 

0.50 -0.20 0.80  1.20 4.50  5.16 1.16 

0.60 -0.31 0.69  1.65 4.50  5.40 1.12 

Conc. Of DOPC (×10
-3

M) (em = 520 nm) 

0.025 0.76 0.24  0.668 2.69  1.15 1.33 

0.05 0.71 0.29  0.685 3.12  1.40 1.27 

0.10 0.57 0.43  0.670 3.42  1.87 1.07 

0.20 0.33 0.67  0.568 3.59  2.58 1.02 

0.30 0.21 0.79  0.631 3.6  2.98 1.00 

0.40 0.16 0.84  0.879 3.6  3.16 1.02 

0.50 - 1.00  - 3.6  3.60 1.10 

0.60 - 1.00  - 3.52  3.52 1.20 

Conc. Of POPC (×10
-3

M) (em = 520 nm) 

0.025 0.78 0.22  0.674 2.64  1.11 1.2 
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0.05 0.75 0.25  0.698 3.14  1.31 1.21 

0.10 0.66 0.34  0.676 3.56  1.66 1.06 

0.20 0.46 0.54  0.603 3.81  2.32 1.06 

0.30 0.33 0.67  0.641 3.78  2.74 1.12 

0.40 0.31 0.69  0.746 3.83  2.87 1.00 

0.50 0.28 0.72  0.834 3.83  2.99 1.05 

0.60 - 1.00  - 3.38  3.38 1.25 

#
Estimated

 
error in the measurement is around ± 5%.  

Table 8.2b. Lifetime components, normalized amplitudes of lifetime 

components and average lifetime of PRODAN at different 

concentration of liposomes at 435 nm.
#
 

Conc. Of DPPC (×10
-3

M) (em = 435 nm) 

 a1 (%) a2 (%) a3 (%) 1  (ns) 2  (ns) 3 (ns) <> (ns) 2 

0         

0.05 0.40 0.60  1.19 6.08   1.31 

0.10 0.18 0.30 0.52 0.45 2.26 6.47 4.11 1.25 

0.20 0.16 0.30 0.53 0.45 2.26 6.47 4.19 1.30 

0.30 0.17 0.31 0.53 0.47 2.45 6.53 4.27 1.17 

0.40 0.15 0.31 0.54 0.48 2.42 6.48 4.34 1.21 

0.50 0.16 0.31 0.52 0.62 2.73 6.61 4.41 1.10 

0.60 0.17 0.31 0.52 0.62 2.73 6.57 4.39 1.20 

Conc. Of DMPC (×10
-3

M) (em = 435 nm) 

0.025 0.18 0.34 0.48 0.59 1.89 4.51 2.91 1.28 

0.05 0.19 0.31 0.49 0.72 2.03 4.47 2.98 1.22 

0.10 0.15 0.30 0.55 0.75 1.78 4.33 3.00 1.30 

0.20 0.25 0.25 0.50 1.03 2.36 4.43 3.00 1.09 

0.30 0.16 0.27 0.57 0.85 1.80 4.26 3.00 1.17 

0.40 0.19 0.29 0.52 0.85 2.04 4.35 3.00 1.25 

0.50 0.18 0.28 0.54 0.90 1.99 4.31 3.00 1.11 

0.60 0.14 0.31 0.55 0.74 1.77 4.25 3.00 1.09 

Conc. Of DOPC (×10
-3

M) (em = 435 nm) 
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0.025 0.70 0.30  0.84 2.62  1.37 1.25 

0.05 0.69 0.31  0.83 2.57  1.37 1.29 

0.10 0.69 0.31  0.87 2.63  1.42 1.21 

0.20 0.68 0.32  0.87 2.61  1.43 1.10 

0.30 0.68 0.32  0.87 2.62  1.43 1.20 

0.40 0.68 0.32  0.88 2.63  1.44 1.05 

0.50 0.69 0.31  0.88 2.65  1.43 1.13 

0.60 0.69 0.31  0.86 2.69  1.43 1.23 

Conc. Of POPC (×10
-3

M) (em = 435 nm) 

0.025 0.61 0.39  0.84 2.59  1.52 1.31 

0.05 0.60 .40  0.84 2.59  1.54 1.28 

0.10 0.61 0.39  0.87 2.64  1.56 1.21 

0.20 0.59 0.41  0.86 2.63  1.58 1.24 

0.30 0.60 0.40  0.87 2.64  1.58 1.19 

0.40 0.61 0.39  0.87 2.65  1.56 1.07 

0.50 0.60 0.40  0.86 2.63  1.57 1.11 

0.60 0.60 0.40  0.86 2.62  1.56 1.10 

#
Estimated

 
error in the measurement is around ± 5%  

Thus the average lifetime of PRODAN at 520 nm is around 0.95 

ns. In DPPC liposome, at 520 nm, where the emission spectra is 

predominantly from TICT state of PRODAN has conspicuously 

dependence on the concentration of lipid and is well described by a 

tri-exponential function. The picosecond component i.e. 1 remains 

same throughout the concentration of DPPC and the nanosecond 

component i.e. 2 increased up to around 2.17 ns. A third 

component of around 5.19 ns (3) with a population of 31% 

appeared at higher concentration of DPPC (Table 8.2a). We, 

therefore, assign 1 component to the PRODAN molecules 

remaining in the aqueous phase which drops from 74% to 53% 

upon increasing the concentration of DPPC from 0 to 0.6 mM. The 

2.17 ns component i.e. 2 may be ascribed to the PRODAN 
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molecules in aqueous phase or loosely bound in the interfacial 

region and the longest component i.e. 5.20 ns (3) component may 

come from the PRODAN molecules strongly held inside the 

liposome. Interestingly, PRODAN at 435 nm in 0.6 mM DPPC 

liposome where emission mainly comes from LE state exhibits a 

tri-exponential decay. The components are 0.62 ns (17%), 2.73 ns 

(31%) and 6.57 ns (52%). We already assigned these components 

to different locations in liposomes.  

In DMPC liposome, the decays at 520 nm were fitted to a bi-

exponential function with a picosecond and a nanosecond 

component. As the liposome concentration increases and 

incorporate more number of PRODAN molecules, the picosecond 

component disappeared leading to a rise component around 1.65 ns 

(31%) and a nanoscecond component around 4.72 ns (69%).  The 

decay proceeds with a rise component indicates that solvation takes 

place. Surprisingly, in case of DPPC liposomes, we did not observe 

any rise component which could be because of the fact that the 

aliphatic tail region of DPPC is more dehydrated than that of 

DMPC. Table 8.2b reveals that the decay of PRODAN in DMPC 

liposomes at 435 nm is tri-exponential with picosecond component 

(1) and two nanosecond components (2 and 3). The components 

are 0.59 ns (18%), 1.89 ns (34%) and 4.51 ns (59%). It is 

noteworthy that 3 is significantly less in DMPC liposomes 

compared to that in DPPC liposomes. The probable reason is that 

DMPC remains in nearly liquid crystalline phase at room 

temperature while DPPC remains in sol-gel phase which brings in 

additional rigidity in DPPC compared to that in DMPC. This may 

be responsible for higher time component in DPPC compared to 

that in DMPC.  In DOPC and POPC liposomes initially decay at 

520 nm was bi-exponential with a picosecond component (~670 

ps) originating from the PRODAN molecules in the aqueous phase 

and a nanosecond component around 2.65 to 2.69 ns. 
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Figure 8.6. Decay of PRODAN at different concentration of 

liposomes (a) DPPC liposome (b) DMPC liposome 

Due to low concentration of lipid two components are observed 

picosecond component in aqueous phase and the other nanosecond 

component in lipid phase. However, at higher concentration the 

decay becomes single exponential with time constant around 3.52 

ns and 3.38 ns for DOPC and POPC liposomes respectively. These 

results are in accordance with that reported by Correa and co-

workers [44]. At 435 nm the decays in DOPC and POPC were 

fitted to a biexponential function having a picosecond component 

around 0.840 ns and a nanosecond component around 2.60 to 2.70 

ns. Notably, the longer components in POPC and DOPC liposomes 

at 520 and 435 nm are significantly smaller compared to longer 

component of DPPC and DMPC liposomes at the same 

wavelength. This observation may be explained by considering the 

fact that at room temperature both DOPC and POPC remain in 

liquid crystalline phase due to significant lower phase transition 

temperature compared to DPPC and DMPC. Therefore, PRODAN 

experiences a less constrained environment in DOPC and POPC 

liposomes giving rise to a shorter lifetime component as compared 

to DPPC and DMPC liposomes.  
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8.2.2. Interaction between liposomes and HSA: 

8.2.2.1. CD Measurements:  

To gain a better insight into interaction of HSA with various liposomes 

CD measurements were performed using HSA, DPPC liposomes and 

POPC liposomes at various concentrations of these lipids. The CD 

spectra of HSA exhibit two negative minima at 208 and 217 nm, which 

is typical characterization of α-helix structure of proteins [48].
 

Interaction between DPPC-HSA and POPC-HSA caused an increase in 

band intensity at all wavelengths of the far UV CD without any 

significant shift of the peaks (Figure 8.7). This indicates that both 

DPPC liposomes and POPC liposomes causes a slight increase in the 

α-helical structure of HSA. While heating HSA till 90C and addition 

of 8M urea causes decrease in the band intensity at all the wavelengths 

(Figure 8.7c). This signifies decrease in α-helical content upon 

denaturation of HSA [49].  Thus we conclude that both the lipid upon 

interaction with HSA cause perturbation in the secondary structure of 

HSA but increase in α-helical content suggest that HSA is not 

denatured or unfolded during the interaction [24].  

 

 

 

 

 

 

 

 

Figure 8.7. CD spectra of (a) HSA and DPPC liposomes (b) HSA and 

POPC liposomes (c) Native HSA and denatured HSA. 
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8.2.2.2 Steady state and Time resolved measurement: 

Addition of HSA to PRODAN impregnated liposomes causes a 

quenching in the fluorescence intensity of PRODAN. The continuous 

decrease in the intensity with addition of HSA to PRODAN 

impregnated liposomes indicates that HSA interacts with the 

liposomes. Interestingly, we observe a red shift in the emission spectra 

of PRODAN in DPPC liposomes (from 435 to 460 nm) while a blue 

shift is observed in DMPC (from 460 to 455 nm), DOPC (from 497 to 

471 nm), and POPC (from 490 to 467 nm) liposomes (Figure 8.8). 

There are two reasons that may be accounted for the observed 

quenching in liposomes. The first one is the penetration of HSA into 

liposomes and the second is the release of PRODAN molecules from 

liposome and subsequent migration to hydrophobic core of the HSA.  

 

 

 

 

 

 

 

 

 

Figure 8.8. The steady state emission spectra of PRODAN in different 

liposomes as a function of HSA concentration. (a) DPPC, (b) DMPC, 

(c) DOPC and (d) POPC. The dashed graph represents emission 

spectra of PRODAN in native HSA which is normalized with respect to 

highest concentration of HSA in liposomes. 
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Sabin et al. [21] reported that the forces which are involved in the 

interaction between liposomes and HSA are of electrostatic and 

hydrophobic in nature. Primarily HSA interacts with the liposome 

through electrostatic interaction to form HSA liposome complex and 

destabilize the packing of lipid within bilayer and the order of acyl 

chain is reduced. The zeta potential () was used to monitor the 

electrostatic interaction between liposomes and HSA [21]. It was 

found that  decreases exponentially with the protein concentration. 

The strong dependence of  was reported as a patent evidence that the 

attractive electrostatic contribution has a major role in the formation of 

liposome-HSA complex. A similar type of electrostatic interaction has 

been invoked by Charbonneau et al. [24]. Sabin et al. [21] also 

reported the protein penetration inside the liposome. DSC 

measurement by them reveal that pretransition temperature of DMPC 

liposomes decreases by more than one degree at the same time the 

enthalpy change (ΔH) increases. A similar type of results were 

reported by Gatlantai and co-workers [22,23]. The effect of HSA over 

DMPC and DPPC liposomes indicates that protein penetrates into 

hydrophobic bilayer affecting the packing of the hydrocarbon tails of 

lipids. Therefore, there is contribution of hydrophobic forces in 

formation of liposome HSA-complexes. The contribution comes from 

interaction between the lipid tails and parts of HSA that penetrate into 

the lipid bilayer.   

The decrease in the interfacial tension indicates that protein molecules 

intercalate between the hydrophobic tails of the lipid. This intercalation 

causes the leakage in the interfacial region which facilitates the 

migration of the probe molecules from liposome to either aqueous 

phase or hydrophobic pocket of HSA. Notably, upon addition of HSA 

to PRODAN impregnated liposomes, the emission maxima are shifted 

towards the emission maximum of native HSA (Figure 8.8). This 

observation led to the conclusion that PRODAN molecules being 
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released from the liposome are trapped in the hydrophobic pocket of 

HSA. 

We compared the extent of quenching from Figure 8.9 in different 

liposomes by plotting 0  as a function of concentration of HSA. 

Since we cannot calculate the local concentration of HSA, so; we did 

not estimate Stern-Volmer quenching constant from this plot. It is 

observed from Figure 8.9 that among the un-conjugated lipids, 

quenching is higher in DPPC liposome compared to that in DMPC 

liposomes. On the other hand in case of conjugated lipids, the 

quenching is little higher in POPC liposomes compared to that in 

DOPC liposomes. The extent of quenching depends upon the extent of 

perturbation of lipid bilayer by HSA. The significant difference in 

quenching in DPPC and DMPC liposomes and little difference in 

DOPC and POPC liposomes may be explained by considering the 

structural differences of different lipids, phase transition temperature 

and prehydration level.  

  

 

 

 

 

Figure 8.9. 0  Plot as a function of concentration of HSA (0-50 

µM) in different liposomes. 

In the present study, all the four lipids are zwitterionic and they 

possess similar head groups but differ in their acyl chains. While 

DPPC and DMPC contain saturated acyl chain with different chain 

length, POPC and DOPC contain unsaturated acyl chain with different 

number of carbon atoms. As the length of hydrophobic acyl chain is 

the measure of hydrophobicity and it is already reported that saturated 
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fatty acids bind with greater affinity to albumins due to increase in 

hydrophobic interaction, [50] in that sense the order of quenching 

follows the right trend. DPPC has higher phase transition temperature 

than DMPC. The liposomes with lower phase transition temperature 

remains more hydrated as compared to liposome with higher phase 

transition temperature. Therefore DPPC is less hydrated as compared 

to DMPC. So; higher quenching is observed in DPPC as compared to 

DMPC. Among POPC and DOPC bilayers, POPC is monounsaturated 

while DOPC is bi-unsaturated with CH=CH in cis position. The 

unsaturated fatty acids with a cis double bond, faces little steric 

restriction on binding to various sites on protein [51]. Therefore 

perturbation of lipid bilayer by HSA will be more pronounced in 

POPC bilayers as compared to DOPC bilayers. Along with this phase 

transition temperature of POPC is higher than DOPC. The DOPC 

bilayers will remain in a more prehydrated state as compared to POPC. 

Thus lower quenching is observed in DOPC as compared to POPC.  

In this context the lifetime data may be helpful to unravel the dynamics 

of PRODAN inside the liposome. We already mentioned that the 

fluorescence decay of PRODAN in aqueous buffer solution is 

adequately fitted to a bi-exponential function with time constant 0.60 

ns (74%) and 1.80 ns (26%). The lifetime of PRODAN is significantly 

enhanced when encapsulated in liposomes. This is already discussed in 

the previous section. Table 8.2a reveals that PRODAN exhibits a tri-

exponential decay with time components of 0.62 ns (15%), 2.73 ns 

(31%) and 6.57 ns (54%) in DPPC liposomes. We already assigned 

that the picosecond component corresponds to the PRODAN 

molecules in the aqueous phase, 2.73 ns component is attributed to the 

PRODAN molecules loosely bound in the interfacial region and third 

component i.e. 6.57 ns component perhaps comes from those 

PRODAN molecules which are strongly held inside the liposome. 

Addition of HSA to PRODAN impregnated DPPC liposomes causes 

quenching in the lifetime components of PRODAN (Figure 8.10). 
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After addition of 2 M HSA, the decays became bi-exponential and at 

50 µM HSA the decay is comprised of the components of 1.48 (40%) 

and 4.60 ns (60%). The significant quenching in the longer component 

(from 6.48 ns to 4.60 ns) implies the penetration of HSA into 

liposome. The striking observation is that the lifetime components of 

PRODAN in presence of 50 µM HSA in DPPC liposomes (1.48 and 

4.60 ns) are very similar to that in pure HSA (1.49 ns and 4.0 ns, Table 

8.1) which indicates that PRODAN molecules upon interaction with 

HSA are released from liposome and migrate to the hydrophobic 

pocket of HSA. Had the PRODAN molecules migrated to aqueous 

phase, we would have obtained a picosecond component. We already 

mentioned that a shift is observed in the steady state emission spectra 

of PRODAN upon addition of HSA which indicates that PRODAN is 

migrating to the hydrophobic pocket of HSA. Thus this fact is 

supported by the lifetime data.  

 

 

 

 

 

Figure 8.10. (a) Time resolved decays of PRODAN at different 

concentration of HSA in DPPC liposome. (b) Longer component of 

PRODAN in liposomes at different concentration of HSA. 

However, a different result is obtained in DMPC-HSA system. It is 

revealed that unlike in DPPC system, DMPC offers only little 

decrement in lifetime components in presence of HSA. Addition of 

HSA causes a little quenching in the longer component from 4.55 to 

4.10 ns while the shorter component decreases from 2.2 ns to 1 ns. The 

little quenching in the longer component indicates that, HSA has a less 

penetration in DMPC liposomes. The less penetration stems from the 
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fact that DMPC because of its low phase transition temperature (23
0 

C) 

remains nearly in liquid crystalline phase at room temperature and is 

much more hydrated than DPPC. As the hydrophobic interaction is 

responsible for the penetration of HSA into liposomes, therefore, HSA 

prefers DPPC over DMPC as former is more dehydrated hence is more 

hydrophobic compared to the latter. Although one should expect that 

DMPC is loosely packed and thus eases HSA to penetrate inside the 

liposome. However, higher quenching of the longer component in 

DPPC liposomes made it clear that hydrophobic interaction dominates 

over the other factors. On the other hand significant decrement in the 

shorter time component in DMPC liposomes indicates that HSA 

destabilize the interfacial region leaving the liposome core intact. 

Therefore, from the above results, we may conclude that the changes in 

the shorter component takes place when HSA destabilizes the 

interfacial region and the change in  longer component in liposomes  

takes place when HSA affects the core of the liposomes due to 

penetration by hydrophobic interaction [21]. The latter process 

depends on prehydration level of liposomes.  

The above finding is again supported by the time resolved data in 

conjugated liposomes (Table 8.3b). In case of DOPC and POPC 

liposomes, we observe that the lifetime of PRODAN is single 

exponential with a component around 3.49 ns and 3.77 ns respectively. 

Addition of HSA results in quenching and time resolved decay 

becomes bi-exponential. Surprisingly we observe a marginal increment 

in the longer component in POPC (from 3.77 to 3.90 ns) and DOPC 

liposomes (3.40 to 3.77 ns). The observation in these two liposomes 

clearly indicates the HSA does not penetrate in these two liposomes.  
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Table 8.3b.  Lifetime components, normalized amplitudes of lifetime 

components and average lifetime of PRODAN in POPC and DOPC 

liposomes as a function of concentration of HSA. The decays were 

measured at the emission maxima following Figure 8.7.
# 

[HSA] 

(
 
µM) 

a1 

(%) 

a2 

(%) 

a3 

(%) 
1  (ns) 2  (ns) 3(ns) <>(ns) 2 

POPC  liposomes 

0 1   3.77   3.70 1.1 

0.5 1   3.77   3.70 1.12 

1 1   3.77   3.70 1.12 

2 1   3.750   3.75 1.16 

4 1   3.80   3.80 1.2 

6 0.06 0.94  0.86 3.81  3.63 1.22 

8 0.081 0.92  0.93 3.84  3.61 1.20 

10 0.14 0.86  1.00 3.82  3.43 1.19 

12 0.18 0.82  0.86 3.85  3.31 1.21 

16 0.25 0.75  0.79 3.85  3.10 1.25 

20 0.29 0.71  0.80 3.90  3.00 1.24 

25 0.33 0.67  0.79 3.95  2.90 1.20 

30 0.34 0.66  0.85 3.90  2.92 1.25 

40 0.32 0.68  0.75 3.90  2.90 1.27 

50 0.35 0.65  0.95 3.90  2.93 1.26 

DOPC liposomes 

0 1.00   3.49   3.49 1.16 

0.5 1.00   3.49   3.49 1.20 

1 1.00   3.45   3.49 1.22 

2 1.00   3.49   3.50 1.21 

4 0.11 0.89  1.92 3.63  3.44 1.20 

6 0.16 0.84  1.72 3.68  3.37 1.25 

8 0.20 0.80  1.68 3.70  3.30 1.24 

10 0.22 0.78  1.68 3.75  3.29 1.29 

12 0.19 0.81  1.00 3.64  3.15 1.30 
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16 0.22 0.76  0.89 3.64  2.96 1.35 

20 0.27 0.73  0.82 3.66  2.89 1.30 

25 0.30 0.70  0.75 3.65  2.78 1.27 

30 0.31 0.69  0.75 3.73  2.80 1.29 

40 0.35 0.65  0.75 3.78  2.72 1.29 

50 0.35 0.65  0.75 3.77  2.71 1.31 

  #
Estimated

 
error in the measurement is around ± 5%.

 

On the other hand appearance of picosecond component (0.86 to 0.95 

ns) and increment in its amplitude up to 35-40% in both the liposomes 

indicates the leakage of PRODAN molecules and confirms the fact that 

HSA destabilize the interfacial region of these liposome and core of 

the interfacial region remains intact. It is noteworthy that in case of 

DPPC liposome similar kind of changes in the population of shorter 

and longer components was observed. Therefore, it may 

unambiguously be concluded that the leakage of PRODAN molecules 

takes place due to destabilization of interfacial region of liposomes.  

We carried out time resolved anisotropy measurements to probe 

interaction of liposomes with HSA. The anisotropy decays are shown 

in Figure 8.11 and the results are summarized in Table 8.4.  PRODAN 

exhibits a single exponential decay with a time constant of 0.170 ns at 

520 nm in aqueous buffer solution at pH 7.40. In liposomes and 

liposomes-HSA complex the anisotropy was measured at 450 nm. 

PRODAN exhibits bi-exponential anisotropy decays consisting of a 

picosecond and a nanosecond component in all liposomes. The fast 

components (fast) are around 0.47 (44%), 0.50 (45%), 0.40 (32%) and 

0.416 ns (37%) in DPPC, DMPC, DOPC and POPC liposomes 

respectively. On the other hand the slow components (slow) are 2.77 

(56%), 2.93 (55%), 2.25 (68%), and 2.20 ns (63%) in DPPC, DMPC, 

DOPC and POPC liposomes respectively. It is revealed that addition of 

HSA to PRODAN loaded liposomes causes a significant increment in 

slow. Thus in presence 15 M HSA, slow were found to be 3.5 (60%), 
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3.90 ns (56%), 3.75 (40%), 3.60 (53%) in DPPC, DMPC, DOPC and 

POPC liposomes respectively. Since liposomes and liposomes-HSA 

complex are big in the size, the motion of liposome and liposome-HSA 

is too slow to impact on the overall rotational relaxation of PRODAN. 

The increment in slow may be due to the fact that the interfacial region 

of liposome becomes compact due to electrostatic interaction between 

liposomes and HSA. It is revealed from above mentioned result that 

the increment in slow in DPPC and DMPC liposomes is less compared 

to that in DOPC and POPC liposomes.  

The higher increment in slow in DOPC and POPC liposomes may be 

attributed to the fact that the interfacial region of DOPC and POPC 

becomes more compact due to adsorption of HSA. The other 

explanation is that possibly lipid packing order of DPPC and DMPC 

are much more affected by higher penetration of HSA in these 

liposomes as compared to that in DOPC and POPC liposomes. This 

prevents the increment in slow in DPPC and DMPC liposomes. A 

similar conclusion was drawn in the discussion of quenching in the 

time resolved data. Interestingly, we observed a decrement in the 

population of slow in case of DOPC and POPC liposomes. However, 

we do not observe any increment in the population of slower 

component (slow).  

 

 

 

 

 

Figure 8.11. Fluorescence anisotropy decays of PRODAN at different 

concentration of HSA (a) DMPC liposomes (b) DOPC liposomes. 
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Since these two liposomes are soft in the interfacial region, there is 

possibility that these two liposomes can accommodate more number of 

HSA molecules which causes a significant leakage. Moreover, HSA 

penetrates deeper in DPPC and DMPC liposomes, so; for these 

liposomes PRODAN can migrate to hydrophobic pocket of HSA. 

Table 8.4. Rotational relaxation parameters of PRODAN in different 

liposomes and liposome-HSA complex at em = 450 nm
# 

System fast (%) slow (%) fast (ns) slow (ns) r0 

PRODAN in Buffer 

solution, pH 7.4 
1  0.17 - 

0.29 

DPPC  0.44 0.56 0.47 2.77 0.32 

DPPC + 5 µM  HSA 0.40 0.60 0.60 3.20 0.32 

DPPC + 15 µM HSA 0.40 0.60 0.57 3.50 0.33 

DMPC 0.45 0.55 0.50 2.93 0.35 

DMPC + 5 µM  HSA 0.42 0.58 0.39 3.46 0.35 

DMPC + 15 µM  

HSA 
0.45 0.55 0.37 3.90 

0.33 

DOPC 0.32 0.68 0.40 2.25 0.31 

DOPC + 5 µM  HSA 0.42 0.58 0.62 3.51 0.32 

DOPC + 15 µM  HSA 0.60 0.40 0.57 3.75 0.31 

POPC 0.37 0.63 0.42 2.20 0.32 

POPC + 5 µM  HSA 0.39 0.61 0.45 2.99 0.33 

POPC + 15 µM  HSA 0.46 0.54 0.40 3.60 0.33 

   #
Estimated

 
error in the measurement is around ± 5%  

8.3. Conclusion: 

The present study reveals a clear understanding of how HSA interacts 

with liposomes of saturated and unsaturated lipids having different 

phase transition temperature. The CD measurement indicates that HSA 

is stabilized upon interaction with liposomes. Steady state and time 

resolved fluorescence analysis reveal that HSA alters the packing order 
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of liposome through penetration and releases the encapsulated probe 

molecules from liposome, which simultaneously migrates in the 

hydrophobic pocket of HSA. The penetration is apparently caused by 

hydrophobic interaction between liposomes and HSA. The extent of 

penetration depends on the prehydration level of liposomes. The 

liposomes of saturated lipids (DPPC and DMPC) having higher phase 

transition temperature are less prehydrated at room temperature and 

hence have stronger affinity towards HSA than that of liposomes of 

unsaturated lipids. The penetration caused by hydrophobic interaction 

is revealed also in anisotropy measurement.      
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Appendix I 

Chapter 2: Instrumentation and Materials 

Introduction to FRET analysis:  

Förster resonance energy transfer or fluorescence resonance energy 

transfer (FRET) is a technique in fluorescence spectroscopy that 

supplies accurate spatial measurements and detects molecular 

complexes over distances from 10 to 100 A˚ [1]. FRET depends on the 

distance dependent transfer of energy from donor fluorophore to an 

acceptor fluorophore. This method is well established for studying 

various biological systems like protein folding, antibody-antigen 

binding etc. [2,3,4]. 

According to Förster resonance energy transfer (FRET), the rate of 

transfer for a donor and acceptor separated by a distance r is given by 
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where DQ  is the quantum yield of the donor in the absence of 

acceptor, N is Avogadro’s number, n is the refractive index of the 

medium between donor and acceptor, Dτ  is the lifetime of the donor in 

the absence of acceptor; ( )λDF  is the corrected fluorescence intensity 

of the donor in the wavelength range λ  to λ + λΔ , with the total 

intensity normalized to unity; ( )λε A  is the extinction coefficient of the 

acceptor at λ , which is typically in units of M-1 cm-1; 2k is the well-

known orientation factor of two dipoles interacting and is usually 

assumed to be equal to 2/3 which is appropriate for dynamic random 

averaging of the donor and acceptor. 

 The overlap integral ( )λJ  express the degree of spectral overlap 

between the donor emission and the acceptor absorption, 
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( )λDF  is dimensionless. If ( )λε A is expressed in units of M-1 cm-1 and 

λ  is in nanometer, then ( )λJ  is in units of M-1 cm-1 nm-4
. Eq. (1) can 

be expressed as
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The above equation is reduced to 
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R0 (in Å) is known as Förster distance and it is the distance at which 

the transfer rate (kT(r)) is equal to the decay rate of the donor in the 

absence of acceptor (τD
-1). That is the separation distance that yields 

50% of energy transfer efficiency. 

The efficiency of energy transfer (E) is the fraction of photons 

absorbed by the donor that are transferred to the acceptor. This fraction 

is given by 
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T

k
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= −τ
which is the ratio of the transfer rate to the total decay rate of the 

donor. Recalling that ( )60
1 / rRk DET

−=τ , one can easily rearrange Eq. (5) 

to yield 
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Appendix II 

Chapter 3: Photophysical and Photodynamical 

Study of Fluoroquinolone and Ellipticine Drug 

Molecules in Bile Salt Aggregates 

Different prototropic forms of the various drugs used: 

Figure 2A.1 Prototropic forms of Norfloxacin and ofloxacin 

 
 
 
 

 
 
 
 
 
 

 

Figure 2A.2 Prototropic forms of Ellipticine     . 
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Appendix III 

Chapter 5: Photophysical and photodynamical 

study of Ellipticine: an anticancer drug molecule 

in bile salt modulated in vitro created liposome. 

Anisotropy Measurements: 
After the incorporation of ellipticine in liposome is confirmed, we 

underwent the study of time resolved anisotropy. Rotational relaxation 

of ellipticine in aqueous medium (at pH ~ 7.40) is single-exponential 

and average rotational relaxation time is around 0.150 ns. In liposome, 

the rotational relaxation of ellipticine is bi-exponential consisting of 

fast time constant (τr1) around 0.170 ns (74%) and slow time constant 

(τr2) 2.525 ns (26%) respectively. The average rotational relaxation 

time in lipid is around 0.785 ns. The significant increase in the 

rotational relaxation time in liposome indicates that ellipticine 

molecules are strongly bound to the liposome. In the bi-modal 

rotational relaxation, the fast component originates from the free 

ellipticine molecules and slow component is attributed to the ellipticine 

bound to liposome. The addition of bile salt to the liposome solution 

increases the rotational relaxation time. We measured anisotropy 

decays in liposome solution upon addition 0.5 and 1.5 mM bile salt 

concentrations. The fitted anisotropy decays of ellipticine in pure 

water, in liposome and bile salt-liposome complex are shown in Figure 

A3. The results are summarized in Table A3. It is revealed that 

addition of 0.5 mM and 1.5 mM NaDC to liposome solution cause an 

enhancement in the rotational relaxation time from 0.785 to 0.950 and 

1.850 ns with an experimental error of ± 5%. A similar increase in the 

rotational relaxation time is observed when NaC is added to liposome. 

Interestingly, no significant change takes place in the rotational 

relaxation time upon addition of NaTC to liposome solution. The 

increase in rotational relaxation time with different bile salt 

concentration is in the order of the insertion ability of bile salts in 
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liposome. It is noteworthy that our results are different from the earlier 

report of Sarkar and co-workers [1]. Sarkar and co-workers [1] 

reported that incorporation of the bile salt inside the liposome reduces 

the rotational relaxation time of Coumarin 151 and Coumarin 153. In 

table A3 we observe that the amplitude (ar2) of the slow component is 

found to increase from liposome to liposome-bile salt complex. In the 

liposome solution the slow component is around 2.5 ns with amplitude 

around 26%. Interestingly with addition of 1.5 mM NaDC, NaTC and 

NaC to liposome solution the slow components have become around 2 

ns (90%), 2.25 ns (74 %), and 2.20 ns (35%) respectively. Though the 

average rotational relaxation time increases but the time constants of 

slow and fast component did not increase. The most plausible reason is 

that insertion of bile salt can induce permeation of water into the bi-

layer membrane, which may be responsible for not increasing the 

rotational relaxation time even after bigger complex is formed. 

Increase in the slower component also implies that ellipticine 

molecules remain in the complex after being removed from the 

liposome hydrocarbon core. The order of increase in slow component 

is in accordance to the insertion ability of bile salts in the liposome. It 

is expected that due to more penetration, NaDC will form a bigger 

complex compared to NaC and NaTC. Hence the liposome-NaDC 

complex will entrap a larger number of ellipticine molecules and will 

have the slowest relaxation time which is in accordance with Table A3. 

According to Blume et al. addition of bile salt to vesicle, initially forms 

unstable mixed vesicles [2]. Sometimes these mixed vesicles form 

larger aggregates. In the present study submicellar concentration of 

bile salt is used, which will not completely solubilize the vesicle but 

may form mixed vesicle, which are larger aggregates than initial 

vesicle. This results in larger anisotropy.  
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Figure A3. Fluorescence anisotropy decays of ellipticine in different 

systems (A) In buffer solution (B) In DPPC liposome (C) In DPPC 

liposome with addition of 1.5 mMNaDC.    

Table A3: Rotational relaxation parameters of ellipticine in different 

system  

System r0 a1 (%) a2 (%) τ1 (ns) τ2 (ns) <τr># (ns) 

Ellipticine in buffer 
solution, pH~ 7.4 

0.35 1  0.150  0.150 

Ellipticine + DPPC 
liposome 

0.35 0.74 0.26 0.170 2.525 0.785 

Ellipticine in DPPC 
liposome + 0.50 mM 
NaDC 

0.38 0.70 0.30 0.170 2.620 0.950 

Ellipticine in DPPC 
liposome + 1.50 mM 
NaDC 

0.38 0.10 0.90 0.200 2.00 1.850 

Ellipticine in DPPC 
liposome + 0.50 mM 
NaC 

0.37 0.55 0.45 0.173 2.313 1.126 

Ellipticine in DPPC 
liposome + 1.50 mM 
NaC 

0.39 0.29 0.71 0.157 2.230 1.600 

Ellipticine in DPPC 
liposome + 0.50 mM 
NaTC 

0.39 0.61 0.39 0.200 2.25 0.975 

Ellipticine in DPPC 
liposome + 1.50 mM 
NaTC 

0.39 0.65 0.35 0.200 2.20 0.900 

# The error in the measurement is about  ± 5% 
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