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MICELLAR, INTERFACIAL AND SPECTRO-
SCOPIC STUDIES OF ANTIDEPRESSANT-
DRUG-SURFACTANT SYSTEMS

Most of the drugs are used in combination with additives specially surfactants. Therefore, it

is necessary to have knowledge of the additive effect on the cmc of amphiphilic drugs. The

micellar and interfacial properties are very useful for the development of new drugs as well as



drug-delivery system. This project seeks to understand the nature of interactions between some

antidepressant drugs and novel surfactants. The objectives of the project are as follows:

I. To study the surface and micellar properties of some amphiphilic antidepressant drugs by
conductometric, tensiometric and fluorimetric methods.
II. To determine the interaction parameter of amphiphilic drugs in the presence of single and

mixed surfactants.

III. To characterize the solubilization of drugs in the presence of surfactants.

IV. To study the micellar growth and surfactant as drug-surfactant interaction.

12. WHETHER OBJECTIVES WERE ACHIEVED : Yes

(a) The surface and micellar properties of some amphiphilic antidepressant drugs have been
determined by conductometric, tensiometric and fluorimetric methods.

(b) Various interaction parameters of amphiphilic drugs in the presence of single and mixed
surfactants have been examined.

(c) Solubilizations of poorly soluble antidepressants drugs have been done using UV-visible
spectrophotometer.

(d) Study of the micellar growth has been done as drug-surfactant interaction using dynamic light

scattering.

13. ACHIEVEMENTS FROM THE PROJECT:

1) We have determined the appropriate surfactant systems to increase the activity of
antidepressant drugs.

(i1) We obtained the appropriate results for the antidepressant drug-surfactant systems which
enhance the bioavailability of amphiphilic antidepressant drugs.

(i11) We have found the increasing solubility of poorly soluble antidepressant drugs by

surfactant systems.

14. SUMMARY OF THE FINDINGS: Please see Encl. 3



I3, CONTRIBUTION TO THE SOCIETY:

Depression is a major problem in our society. Antidepressants drugs have proved useful for
the treatment of depression. They are also used for the treatment of other depressive disorders like
obsessive compulsive  disorder, anxiety disorders, migraine, dysthymia, chronic  pain,
dysmenorrhoea, snoring, addiction, neuropathic pain, attention-deficit hyperactivity disorder
(ADHD) and sleep disorders. But they have some side effects and we can decrease their side effects
using surfactants. Several problems arise in the formulation of hydrophobic drugs and major

fsanvenience is their solubilization in body fluids and interaction with biological membrane.

Surfactants have wide application in various fields such as environmental, biomedical,
pharmaceuticals, industrial, detergency, cosmetics and nano-science. They play a key role in the
pharmaceutical field because they have numerous unique properties like low viscosity, small
aggregation size, long shelf life, simple preparation, narrow size distribution and bioactivity. Owing
to these properties they have increase the bioavailability and solubilization of slightly soluble

substances in aqueous medium. Micelles are used as vehicles for the sparingly water-soluble drugs.

Thus, the study of physicochemical properties of surfactants and the interaction of drugs witk

surfactants can provide valuable information for the development of novel drug molecules. Th

drug delivery systems.
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REPORT OF THE MAJOR RESEARCH PROJECT

MRP ID : MRP-MAJOR-CHEM-2013-14435
(UGC Ref. No. 43-183/2014(SR) Dated 30.10.15)

MICELLAR, INTERFACIAL AND SPECTROSCOPIC STUDIES OF ANTIDEPRESSANT-
DRUG-SURFACTANT SYSTEMS

The project aims to study the physicochemical aspects of interaction of drug to surfactant
which is very important factor in drug-delivery systems. Various methods have been used to study

the antidepressant-drug surfactant systems:
METHODOLOGY USED FOR THE STUDY
Surface Tension Measurement

The tensions (y) at the air/solution interface of the drug/surfactant solutions were measured with
a calibrated Jencon tensiometer (Kolkata, India) by the du Nouy ring detachment method. The
surface properties viz. critical micelle concentration (CMC), maximum surface excess concentration
at the air/water interface (I';,x), minimum area per surfactant molecule at the air-water interface

(Amin) and the surface pressure at the CMC (mcmc) have been determined.
Conductivity Method

Conductance measurements will be taken by direct reading conductivity meter using cell
constant of unity. The critical micelle concentration (CMC) and degree of counter ion binding will

be measured.
Solubilization Experiment

The solubilization experiments were performed by spectroscopic measurement on Varian Cary-
50, UV-visible spectrophotometer. Quantification of solubilization capacity were undertaken in
terms of the molar solubilization ratio (MSR), the micellar water partition coefficient (InK,,) and

Gibb’s free energy of solubilization (AG®;) by employing spectrophotometric method.



Fluorimetric Method

The fluorescence measurements were performed on a Cary Eclipse Flourescence
Spectrophotometer. 1-Pyrene carboxaldehyde was used as a probe. Critical Micelle Concentration
(cmc), binding constant and Stern-Volmer (K,) constant have been measured in mixed miceller

system.
Absorption Measurements

The absorption measurements were performed on Varian Cary-50, UV-visible spectrophotometer.
The titrations were performed by successive additions of 0.01 M stock solutions of surfactants

directly into the cuvette containing 3 mL of 0.33 mM drug solution.

(a) Study on surface and micellar properties of some amphiphilic antidepressant drugs by

conductometric, tensiometric and fluorimetric methods :

The micellar and surface properties of some antidepressants (amitriptyline hydrochloride (AMT),
imipramine hydrochloride (IMP) and chlorpromazine hydrochloride (CPZ)) (Scheme 1) have

been studied by surface tension and fluorescence methods in aqueous solution at 300 K.
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Scheme 1. Structures of Antidepressant Drugs.



Determination critical micelle concentration (CMC) of antidepressant drugs:

The CMC values for some antidepressants were determined by surface tension and fluorescence
measurements. A representative plot of the surface tension versus log molar concentration of drugs
AMT, IMP and CPZ in aqueous solution is shown in Fig. 1, 2 and 3 respectively. Fluorescence
spectra for the determination of CMC of CPZ have shown in Fig. 4, in which 1-
pyrenecarboxaldehyde is used as a probe. Fig. 5 is showing the plot of intensity (I;) vs
concentration of drug (CPZ). The CMC values and other parameters (surface tension at cmc (Yeme),
surface excess concentration (I'nax), minimum area per molecule (A,)) of antidepressants

obtained from both the techniques are given in Table 1.
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Surface Properties

From the surface tension measurements, several interfacial parameters can be determined
such as the surface excess concentration (I',x) and minimum area per molecule at the air-water

interface (Amin), using following egs.:

ro— 1 [ dY]
max= "5 303nRT ldlogcl TP

Amin =1/NFmax

where, R is the ideal gas constant (8.314 J mol™! K'l), T is the absolute temperature in Kelvin, C is the
surfactant concentration, (dY/dlog C) is the slope of the surface tension versus log C plot taken
below the CMC, and N is Avagadro’s number (6.022 X 10% mol'l).

The value of '« generally decreases and that of A, increases with increasing amounts of
drug (shown in Table 1). The value of the surface pressure at the CMC (mcmc) was obtained from
this eq.,

Teme= Yo — Yeme
where, Yy is the surface tension of solvent and Ycpmcis the surface tension at the CMC. The values of
the Teme of drug solutions are listed in Table 1. This parameter indicates the maximum reduction of
surface tension caused by the dissolution of drug molecules; hence, it becomes a measure of
effectiveness of the surface tension reduction, and the greater the mcmc values, the higher the

effectiveness of the drugs.

Table 1: Interfacial Parameters: surface tension at cmc (yYcmc), surface excess (I'max), minimum

area per molecule (A ;) of antidepressants AMT, IMP and CPZ

Antidepressant | CMC x 10” mol dm™® | veme IMnax Amin Teme
Drugs 10° mol.m? | 10*° m? mNm
S. T. Fluo
AMT 33.0 35.0 58.0 0.81 203 14.0
IMP 41.0 42.0 58.5 0.71 233 13.5
CPZ 16.0 20.0 42.0 0.30 546 30.2
S.T.- Surface Tension, Fluo- Fluorescenec Method




(b) Determination of various interaction parameters of amphiphilic drugs in the presence of

single and mixed surfactants
Determination of interfacial parameter of antidepressants in the presence of surfactants:
Surface tension measurement

Surface tension measurements were carried out using ring detachment method on Jencon Surface
tensiometer (Kolkata) at room temperature. Adsorption of amphiphiles at the air-water interface
changes the surface properties of solutions. For the determination of amount of adsorbed
surfactants at air/water interface, Gibb’s adsorption equations are applied. Critical micelle
concentration (cmc), surface tension at cmc (Yeme), Surface excess concentration (I'p,x), minimum
area per molecule (A,) and surface pressure at cmc (m.nc) have been determined and given by

the following relations:

Surface excess concentration (I'p.y)

o= 1 [dY]
max= "5 303nRT ldlogcl TP

Minimum area per molecule (A )

Amin =1/Nrmax

where, R is the ideal gas constant (8.314 J mol ™! K'l), T is the absolute temperature in Kelvin, C is the
surfactant concentration, (dY/dlog C) is the slope of the surface tension versus log C plot taken

below the CMC, and N is Avagadro’s number (6.022 X 10% mol'l).

Surface pressure at cmc (7Teme)

Teme= Yo — Yeme
where Y, and Ycwmc refers to the surface tension of solvent and the surfactant solution at the CMC,
respectively. This parameter indicates the maximum reduction of surface tension caused by the
dissolution of surfactant molecules; hence, it becomes a measure of effectiveness of the surface
tension reduction, and the greater the [Icmc values, the higher the effectiveness of the surfactants.
neme value of pure surfactants are lower than pure drug and mixed systems in all cases. meme values

decrease with an increasing mole fraction of gemini surfactants.



Thermodynamic quantity for the evaluation of synergism in mixing, i.e., the free energy of the given

air/water interface G°,,;, which is defined as follows:
Gsmin= Amin. YCMC-NA

G’min is regarded as the work needed to make an interface per mole or the free energy change
accompanied by the transition from the bulkphase to the surface phase of the solution components.
In other words, the lower the values of Gy, the more thermodynamically stable surface is found.

The G’y values are decreased with increasing the additive concentration/mole fraction.

A representative plot of the surface tension versus log molar concentration of drugs AMT
and CPZ with gemini surfactants i. e. alkanediyl-a,w-bis(dimethylhexadecylammonium bromide)
(Ci6-10-Cy6,2Br, Ci6-12-Cy6,2Br’) are shown in Fig. 6, 7, 8 and 9 respectively. The surface tension
(y) of solutions was measured for a range of concentration above and below the critical micelle
concentration (CMC). A linear decrease in the surface tension was observed with increase in
concentrations for all the surfactants above the CMC value. The values of all interfacial parameters

are listed in Table 2. The CMC values of drugs decrease with an increasing mole fraction of gemini

surfactant.
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Table 2 Interfacial parameters: surface pressure (feme), surface excess (I'max), minimum area per
molecule (Ani,) and free energy at air/water interface (G’nin) of drugs (AMT/ CPZ) in presence of

surfactants
Systems eme x 10 mol
dm’
a cme |y r A n AG® i
Surf. cme max min cme
1 6 2 20 2 -
mNm 10 mol.m 10 m mNm
CPZ+16-10-16 | 0.000 19.0 42.0 1.89 87.49 28.0 22.13
0.015 18.0 50.0 1.12 148.16 20.0 89.23
0.025 16.0 48.7 1.10 150.43 21.3 45.33
0.050 15.0 47.0 1.03 160.15 23.0 45.30
CPZ+16-12-16 | 0.000 19.0 42.0 1.89 87.49 36.0 18.97
0.015 16.5 48.1 0.99 167.01 24.1 48.38
0.025 14.0 52.0 1.18 140.15 20.2 43.89
0.050 12.0 58.0 1.38 120.07 14.2 41.94
AMT+16-10-16 | 0.000 33.0 56.5 0.81 203.96 13.5 69.41
0.015 31.0 494 1.11 149.37 20.6 44.44
0.025 25.0 47.5 1.10 150.82 22.5 43.14
0.050 23.0 45.8 1.09 152.14 24.2 41.96
AMT+16-12-16 | 0.000 33.0 56.5 0.81 203.96 13.5 69.41
0.015 28.0 45.0 1.15 143.46 25.0 38.88
0.025 23.0 432 1.27 129.92 26.8 33.80
0.050 20.0 41.0 1.26 131.63 29.0 32.50




The interactions of antidepressant drugs chlorpromazine hydrochloride (CPZ) and
desipramine hydrochloride (DSP) with bile salts (Sodium cholate (NaC) and sodium deoxycholate
(NaDC)) (Scheme 2) have been investigated by employing the UV-visible spectroscopy and steady
state fluorescence. The aromatic rings of these drugs are responsible for their significant absorption
and fluorescence properties, which vary with its local environment.

- Nat

“OH

Sodium Cholate Sodium deoxycholate

Scheme 2: Structure of Bile salts

Absorption measurements

This technique is useful for studying the interaction between drug and surfactants. The
titrations were performed by successive additions of 0.01 M stock solutions of surfactants (NaC and
NaDC) directly into the cuvette containing 3 mL of 0.33 mM drug solution. The absorption spectra
of CPZ and DSP in aqueous solutions with varying concentrations of NaC and NaDC are shown in
Figs. 10 and 11. The spectra of CPZ presented two characteristic peaks at 245 nm and 305 nm
wavelengths. In which the shorter wavelength band is due to n-n* transition and longer wavelength
is due to n- * transition and also the presence of lone pair of electron on sulfur atom in tricyclic
region of antidepressant drug CPZ. In the case of absorption spectra of DSP it appears at 250 nm. On
the addition of surfactants the absorption intensity of antidepressants increases (red shift). It is also
observed from the Figs. 10 [(a), (b)] CPZ shows spectral shift of 5 nm at A, 245 nm but the second
spectra at 305 nm not shows spectral shift after addition of bile salts. Similarly from Figs. 11 [(a),
(b)] DSP shows the spectral shift of 5 nm at A,.x 250 nm. These spectral shifts show the interaction
of drug and bile salts which further indicate the new complex formation between antidepressants and
bile salts. Binding of bile salts with drug molecules calculated by Benesi—Hildebrand equation:

1 1 41
A-4, K(A,pa-Ay) [Bile Salt] Amax-Ao




Where, Ay = absorbance in the absence of bile salts
A = absorbance at intermediate concentration of bile salts
Amax = absorbance at infinite concentration of bile salts

K = binding constant
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Fig.10 Absorption spectra of CPZ with Fig.11 Absorbance spectra of DSP with
increasing concentration of (a) NaC and (b) increasing concentration of (a) NaC and (b)
NaDC. NaDC.

When we plot the graph between 1/ (A-Ay) and 1/ [Surfactant], it gives a straight line shown
in Fig. 12, which reveals that antidepressants (CPZ, DSP) and surfactants (NaC, NaDC) formed the
1:1 complex between them. The binding constants K were calculated from the ratio of intercept and
slope of Benesi—Hildebrand plot are 0.063 x 10~ mol dm™, 0.883 x 10~ mol dm™, 0.027 x 10™ mol
dm™ and 0.040 x 10° mol dm" for CPZ+ NaC, CPZ+NaDC, DSP+NaC and DSP+ NaDC



respectively. The values of binding constant tell that NaDC shows more binding affinity towards the

antidepressants drugs.
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Fluoremetric Measurements

To understand the interaction between antidepressants and bile salts the spectroscopic techniques

such as steady state fluorescence have been employed. The fluorescence emission spectra (Fig 13

and Fig 14) of CPZ and DSP show the addition of bile salts quenched the spectra of CPZ and

DSP at 474 nm which shows the new complex formation between antidepressants and bile salts.

The addition of constant volume of quencher (i.e. .001 mL of 10 mM bio-surfactant solutions) to

the drug solution avoids complications due to dilution effects within titration type experiments.

Process of fluorescence quenching is explained by Stern —Volmer equation.

Iy/I=1+K[Q]

where, Iy = fluorescence intensity of CPZ and DSP without quencher

I = fluorescence intensity of CPZ and DSP with quencher

K, = Stern-Volmer constant

[Q] = concentration of quencher

Figs 15 (a) and 16 (a) show the plot of Iy / I versus [Q]) and give the value of Stern-Volmer

constant shown in Table 3. By applying the following equation we can calculate the value of

binding constant K, and binding sites n,



log [(Ip- )] /1] =1log K, + n log [ Surfactant ]

here, K, = binding constant
n = binding sites

The values K, and n are given in Table 3.

All systems show the value of binding capacity (n) is greater than unity. CPZ + NaDC
system shows higher binding capacity while other systems (CPZ + NaC, DSP + NaDC and DSP
+ NaC) show less binding capacity indicating that they do not show significant binding to each

other.

Using the value of K, the Gibb’s free energy changes for binding obtained for this process from

following equation,

AGginding = -RT In K,
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Fig. 13 Fluorescence spectra of CPZ with Fig. 14 Fluorescence spectra of DSP with
increasing concentration of (a) NaC and (b) increasing concentration of (a) NaC and
NaDC. (b) NaDC.

The negative value of Gibb’s free energy changes for binding (AGginding) assure that the
binding process is spontaneous and it is helpful for studying the interaction of drugs with bio-
surfactants. The NaDC shows higher value of K, for both antidepressants than NaC due to
hydrophobicity which leads to their different binding abilities. It is also examined that between
CPZ + NaC and DSP + NaC systems, the binding is stronger for former case showing higher
binding affinity which also explains about the more hydrophobic nature of CPZ than DSP. In the
case of CPZ + NaDC and DSP + NaDC, the previous one shows higher binding affinity. CPZ
contains phenothiazine ring and positively charged group shows a better binding with negatively
charged bile salt. NaDC possesses more hydrophobic nature which promotes the absorption as
compare to NaC. The binding constants (K,) showed a considerable hydrophobic contribution
modulated by electrostatic interactions of the positively charged drug with the head group of bio-

surfactants. Fig 17 shows the schematic representation of drug-surfactant interaction.
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Fig 17 Schematic representation of drug-surfactant interaction

Table 3 Stern—Volmer quenching constants (Kgy), binding constants (K), number of binding sites
(m), free energy change for binding (AGginging) for the drug-bile salt complexation of CPZ + NaC/
NaDC and DSP + NaC/ NaDC using fluorescence technique

Drug-bile K x 10'3 st % 10'3 n AGinding
1

salts (mol dm-l) (mol dm-l) (kJ mol )

complex

CPZ + NaC 2.221+0.04 0.0591+0.003 1.68 -19.76+0.7

CPZ+ NaDC 5.543+0.05 0.1647+0.002 2.02 -42.42+0.4

DSP + NaC 1.343+0.08 0.0710+0.002 1.65 -7.30+0.2

DSP + NaDC 2.228+0.06 0.4746+0.003 1.71 -19.84+0.7




Mixed Micellization of Gemini Surfactant with Pluronic Block Copolymer and Their

Interaction with Tricyclic Antidepressants

Pluronics are amphiphilic tri block co-polymers. These are water soluble nonionic
macromolecular surfactants plays an important role for solubilizing the poorly soluble drugs and
as a drug carrier in drug delivery system. Gemini surfactants possess strong self-assembly
ability. Interaction of polymeric micelles with gemini surfactants have gained paramount
significance in pharmaceutical field. This study involves the mixed micellization of pluronic F-
127 and gemini surfactant C;-4(OH),-C,2Br (Scheme 3) and their interaction with
antidepressant drugs chlorpromazine hydrochloride (CPZ) and desipramine hydrochloride (DSP)

using surface tension, fluorescence spectroscopy and dynamic light scattering studies at 300 K.

CH CH
| 3 HiC @) ~_2Br Cﬁ< :
N
H(OCH,CH, )o7(OCH,CH)go(OCH,CH,)o,0H e WéHCH

H;C  C,,H,s OH

Pluronic F-127 [EO¢7POgEOy7] 1-4 bis (dodecyl-N,N-dimethylammonium
bromide)-2,3-butanediol (C;,-4(OH),-
C12,2BI'_)

Scheme 3. Structures Polymeric and Gemini Surfactant.
Mixed Micellization of Gemini Surfactant with Pluronic Block Copolymer

The study of copolymer-surfactant interaction is very essential due to their importance in
industrial, biomedical and pharmaceutical applications. The surface tension values were measured
for mixed system C;2-4(OH),-C;22Br + F-127 at various mole fraction (0.2-0.8) at 300 K. The

values of critical micelle concentration (CMC) are listed in Table 4.

Fig 18 shows the plots of surface tension versus log [surfactants] for binary mixture of Ci,-
4(OH),-C 2 2Br + F-127. With the increasing mole fraction of gemini surfactant the value of surface
tension decreases. The CMC values obtained for binary systems increases by increasing the mole
fraction of gemini surfactant shown in Table 4 The experimental CMC values of binary systems
were found to be less than the ideal CMC values calculated using Clint equation, which indicates

negative deviation from ideal behaviour for mixed micelle formation.

1 a,; 1 —q

Cmcideal Cl’l’lC] CmCZ



Various interfacial parameters such as maximum surface excess concentration (/ j,x), minimum
area per molecule at the interface (Anmin), effectiveness of the surface tension reduction measured by
the surface tension at the CMC (ycmc) have been evaluated using following egs. respectively,

ro— 1 [d}’]
max= "5 303nRT ldlogcl TP

where R is the gas constant (8.314 Jmol™ K'l), T is the absolute temperature, C is the surfactant

concentration, and (dy / d log C) is the slope of the y versus log C plot taken at the CMC.
Amin =1/NTax
where N is Avogadro’s number
Yemc=Yo —Ycmc

where Y, and Ycuc refers to the surface tension of solvent and the surfactant solution at the CMC,

respectively.
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Fig. 18 Plots of surface tension vs log C of C;,-4(OH),-C;,2Br + F-127 binary system.

Interaction parameters (f) for mixed systems of C;;-4(OH),-C;,2Br + F-127 have been
calculated by applying the Rosen model. Activity coefficient (f°; and f°,) have been evaluated by
using the equation given below. All the interaction parameters are listed in Table 4. The negative
value of interaction parameter (5°) indicates the deviation from ideality which indicates the degree of

interaction between two surfactants in mixed micelle.



(X'y)zln(a1 C"%((,—C]o} .

(1-xF ln[(l_a‘)c’m/(l—x“)cﬁ}

where C C] and C) are the concentrations of the mixture, pure surfactant 1 and 2

mix °

respectively at a fixed y value, a; is the stoichiometric mole fraction of surfactant 1 in solution.

al Cmix
(o)

F T iy

Interaction parameter 4° indicates the degree of interaction between the two components as

well as the deviation from ideality.
fit=exp[f°. (1-X°)]
fZG = exp (ﬂG.Xc)Z

The excess free energy of mixing has calculated from using eq. given below. The negative

value of AG. indicates more attractive interaction b etween molecules in mixed micelles.

AGe =RT [X;. ll’lfl +(1-X7) . lnfz]



Table 4 Critical micelle concentration (Cexp,Cideal), maximum surface excess concentration (/ max), minimum area per molecule at the

interface (Amin), the surface tension at the CMC (ycmc), micellar mole fraction (X; and Xigea), interaction parameter (%), activity

coefficients (f°; and f°,) and excess Gibbs free energy (AG") for binary mixture (C;2-4(OH),-C;22Br + F-127) system at 300 K.

Ogemini  Cexp Cideal I'max Amin Teme Xideal X;° /g Ni £’ AGexp
M) @my) 10°molm® jon . mNm kJ/mol
0.0 0.043 303 30
0.2 0.048 0.053 0.096 302 30 0.011 0.11 -2.78 0.111 0.967 -678.4
0.5 0.062 0.081 0.204 307 30.2 0.041 0.21 -2.70 0.185 0.888 -1114.9
0.8 0.069 0.176 0.386 316 32.7 0.048 0.39 -4.50 0.187 0.504 -2673.8
1.0 0.780 173 32




The fluorescence spectroscopic technique have been applied to study the interaction between CPZ
and DSP with mixed system of 12-4(OH),-12 + F- 127. Figs 19 to 24 show that the addition of binary
surfactant system (C;,-4(OH),-C;22Br" + F-127) quenched the fluorescence emission spectra of anti-
depressant drugs (CPZ and DSP) at 474 nm when excited at 368 nm at different mole fractions (0.2, 0.5
and 0.8). Figs 25 and 26 show the Stern-Volmer plots of fluorescence quenching of CPZ and DSP by
C12-4(OH),-C22Br + F-127 system respectively at various mole fractions (0.2 to 0.8), explains the
quenching of antidepressant drugs by binary surfactant system Fig 27 shows the plots of log [(Ip-1)] /1]
vs. log [Surfactant] for CPZ .

The Stern-Volmer constants of studied system have been calculated. Binding constants have also
been calculated. All the parameters are listed in Table 5. The higher values of binding constant have
been found at 0.8 mole fraction for both of the antidepressant drugs. With the increasing mole fraction

the interaction between drugs and mixed surfactant system have increase.
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Fig. 19 Fluorescence spectra of CPZ at increasing concentration of binary system

Ci2-4(OH)2-C22Br + F-127 (Olgemini = 0.2)
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Fig. 20 Fluorescence spectra of CPZ at increasing concentration of binary system

C12-4(OH)2-C12,2Br- + F-127 (0gemini = 0.5)
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Fig. 21 Fluorescence spectra of CPZ at increasing concentration of binary system

C12-4(OH)2-C12,2Br- + F-127 (ogemini = 0.8)
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Fig. 22 Fluorescence spectra of DSP at increasing concentration of binary system

C12-4(OH)2-C12,2Br- + F-127 (agemini = 0.2)
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Fig. 23 Fluorescence spectra of DSP at increasing concentration of binary system

C12-4(OH)2-C12,2Br- + F-127 (agemini = 0.5)
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Fig. 24 Fluorescence spectra of DSP at increasing concentration of binary system

Ci2-4(OH)-C22Br + F-127 (Ogemini = 0.8)
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Fig. 25 Stern-Volmer plots of fluorescence quenching of CPZ by C;,-4(OH),-C;,2Br + F-127 systems
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Table 5 Stern—Volmer quenching constants (Ky), binding constants (K), correlation coefficient (R) and
free energy change of binding (AGginging) for antidepressant drug — mixed surfactant systems at 300 K

using fluorescence technique

Ogemini Chlorpromazine hydrochloride Desipramine hydrochloride
(CPZ) (DSP)
3 ) 3
Kx10 K x10 R AGBinding Kx10 K x 10 R AGgiing
N 1
-1 -1
(moldm ) (moldm ) (cJmol ) (moldm ) (moldm ) (kJ mol )
0.0 0.20 1.17 0.991 -18.95 0.18 0.64 0.996 -18.69
0.2 0.51 0.94 0.990 -21.29 0.21 0.77 0.997 -19.07
0.5 0.76 1.18 0.994 -22.29 0.52 1.06 0.999 -23.11
0.8 1.59 1.29 0.992 -24.12 0.72 1.55 0.998 -22.15
1.0 0.96 1.77 0.996 -22.87 0.68 1.73 0.995 -24.33

( ¢) Solubilization of antidepressant drugs in the presence of surfactants

Solubilization of poorly soluble drugs using surface active agents is a very useful technique in
pharmaceutical science. This study reports the solubilization of phenothiazine (Scheme 4).
Phenothiazines are the drugs possessing a hydrophobic tricyclic ring system and hydrophilic side chain.

These drugs are generally employed as antihistamines, antipsychotics and neuroleptics.
H

L0

Scheme 4. Phenothiazine
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12 C12H25 OH
1-4 bis (dodecyl-N,N-dimethylammonium 1-4 bis (dodecyl-N,N-dimethylammonium

bromide) butane (C;,-4-Ci,, 2Br) bromide)-2-butanol (C;,-4(OH)-C;, 2Br)
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Scheme 5. Structure of cationic gemini surfactants

Solubilization of antipsychotic drug phenothiazine by single system of cationic gemini surfactant using
cationic gemini surfactants (C-4-Cjz, 2Br), 1,4 bis(dodecyl-N,N-dimethylammonium bromide)-2-
butanol (C;,-4(OH)-C,2Br’), 1,4 bis(dodecyl-N,N-dimethylammonium bromide)-2,3-butanediol (C,-
4(OH),-C22Br’) (Scheme 5) were evaluated and compared. The absorbance of the solubilizate of
specified concentration was determined by measuring the molar extinction coefficient (¢) in micellar
solutions. Straight line was obtained by plotting the absorbance versus the solubilizates concentrations.
The solubility of phenothiazine were greatly enhance increased by all surfactant systems where
solubility increased with increasing surfactant concentrations above the CMC. A molar solubilization
ratio (MSR) is given to quantify the effectiveness of a surfactant in solubilizing a given solubilizate. It
can be defined as the number of compound solubilized per moles of surfactant added to the solution
and can be calculated as per eq.

MSR = (S - Scumc)/(Cs - CMC)

where, S = Apparent solubility of organic compound at surfactant concentration Cs (C; > CMC) and

Scmce = Apparent solubility of organic compound at CMC.

In addition to MSR, the effectiveness of solubilization can also be expressed in terms of the partition
coefficient, Ky, of the compound between micelles and the aqueous phase. The value of Ky, is a function

of temperature and the nature of surfactant and solubilizate. The partition coefficient can be written as
Kn=Xn/X,

where X, and X, are the mole fractions of solute in micelles and the aqueous phase, respectively. The
value of X, can be calculated as X;;, = MSR/(1+ MSR), and X, can be expressed as X, = ScmcVw, Where

Vy =0.01805 L/mol is the molar volume of water. Consequently, eq can be rearranged to yield

K = MSR /Scme Vw (1+MSR)



The MSR and K, values for the all the surfactants are listed in Table 6. The slopes of the curve of
solubility of phenothiazine versus surfactant concentration, expressed in molar concentration, represent

the MSR, which was determined using least-squares linear regression.

The order of solubilizing strength for gemini surfactants of C;, series is found to be: C,-4-C, 2Br
< Ci2-4(OH)-Cy,, 2Br < Cy2-4(OH),-Cy,, 2Br for phenothiazine. The CMC value of gemini surfactants
decreases with substitutional hydroxyl group on spacer of same chain length. The substituted spacer
group could form hydrogen bond with water more readily and reduce the unfavourable hydrocarbon-
water contact. So the C;2-4(OH),-Cj,, 2Br having two hydroxyl group on spacer reflects greater

solubilization as compared to others.
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Fig 28 Absorption spectra of Phenothiazine at Fig. 29 Variation of solubility of Phenothiazine

different concentration of 12-4(OH);,-12 with Gemini Surfactants

Thermodynamics of Solubilization

The knowledge of the thermodynamic parameters controlling solubilization is helpful for better
understanding of the mechanism involved in the process. From the thermodynamic point of view,
solubilization can be considered as normal partitioning of the drug between micellar and aqueous phases

and the Gibb’s free energy of solubilization, AG®, can be represented by the expression
AG® = -RT InKy,

The AG®; values thus calculated are presented in Table 6. For all the systems, the AG®; values appear

to be negative showing spontaneity of the solubilization process.



Table 6 Molar solubilization ratio (MSR), InK},, and the Gibb’s free energy of solubilization (AG®s) of

Phenothiazine in cationic gemini surfactant systems at 300 K.

Surfactant CMC Phenothiazine
(mM) MSR InkK,, AG°
kJ/mol!
C12-4-Cp2Br 1.17 0.164 114 -28.4
C12-4(OH)-C»2Br 0.94 0.235 11.6 -28.8
Ci2-(OH),-C 2 2Br 0.87 0.663 13.9 -34.4

(d ) Study of the micellar growth of drug and surfactant mixture using dynamic light scattering

The hydrodynamic radii (Ry), polydispersity index (PDI) and zeta potential values of pure and
mixed systems of antidepressant drugs CPZ and DSP with (C;,-4(OH),-C,2Br + F-127) have been
determined by dynamic light scattering measurements at 300 K. CONTIN software has been used to
analyze the polydispersity. All the values are shown in Table 7. Hydrodynamic radii of pure and mixed
system in aqueous solution were calculated from the diffusion coefficients, Dy, using the Stokes—

Einstein equation,

- 6mnD,

Rh

where, kg is the Boltzmann constant, T is the absolute temperature, and 7 is the viscosity of water. Figs
30 to 35 show the size distribution graph of DLS spectra of all studied systems as a function of
hydrodynamic radii.

The hydrodynamic radii of drug-surfactant mixed systems increase with the increasing mole
fraction of mixed surfactant. The mixture of CPZ / DSP- (C2-4(OH),-C;,2Br + F-127) makes larger
aggregates. However, up to 0.5 mole fraction, aggregation is mild and only mixed micelle are formed.
With increasing mile fraction of mixed system increases the micellar radii, indicates the formation of
larger aggregates. But at higher mole fraction of mixed system (0.8), due to repulsive interaction

(disperson force) the mixed surfactant micelles dissociate and form micelle with smaller size.
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Fig. 31 Size distribution graph of DLS spectra of C;,-4(OH),-C;,2Br
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Fig. 32 Size distribution graph of DLS spectra of chlorpromazine hydrochloride (CPZ)
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Fig 33 Size distribution graph of DLS spectra of desipramine hydrochloride (DSP)
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Fig 34 Size distribution graph of DLS spectra of F-127 + CPZ
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Fig 35 Size distribution graph of DLS spectra of F-127 + DSP



Table 7 Hydrodynamic radii values (Ry), polydispersity index (PDI) and zeta potential values of pure
and mixed systems of antidepressant drugs + (C;2-4(OH),-C,2Br + F-127) at 300 K

Systems CPZ DSP
Ry (nm) PDI  Zeta Potential R; (nm) PDI Zeta Potential
(mV) (mV)

0.0 30.4 (42" 036  —16.26 £1.89 30.4 (42)* 0.36 —16.26 +1.89
0.2 124.7 0.27 —3.45+3.51 194.8 0.64 —6.87 £ 6.38
0.5 159.8 0.64 —12.10 £1.56 731.4 0.51 —14.37 £3.29
0.8 84.1 033 -1147+£6.18 454 1.00 —13.58 £4.36
1.0 2394 0.60 —-1754+141 2394 0.60 —17.54 £ 1.41
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Most of the drugs are used in combination with additives specially surfactants.
Therefore, it is necessary to have knowledge of the additive effect on the CMC of
amphiphilic drugs. This project gives emphasis the micellar and interfacial properties of
drug-surfactant systems which are very useful for the development of new drugs as well as

drug-delivery system.

The studies of micelles in drug delivery yield the necessary information to minimize drug
degradation and loss, to prevent harmful side effects and to increase drug bioavailability. The
use of micelle in pharmacy is an important tool that finds numerous applications. Special

emphasis is given to the more recent use of polymeric micelles.

So this project gives the following information about antidepressant drug-surfactant

systems:

(a) The physicochemical behavior and solubilization of tricyclic antidepressant drugs viz.
amitriptyline hydrochloride (AMT) and Imipramine hydrochloride (IMP) with cationic
surfactants i.e. alkyltriphenylphosphonium bromide (R = 14, 16) and
alkyldiethylethanolammonium bromide (R = 14, 16) have been investigated by surface
tension. The surface properties viz. CMC, maximum surface excess concentration at the
air/water interface (I'ymax), minimum area per surfactant molecule at the air/water interface
(Amin)surface pressure at the CMC (ncymc) have been evaluated. The mixtures of drugs
with cationic surfactants show non- ideal behaviour. The mixture of drug and surfactants

are more stable compared to pure drug and pure surfactants.

(b) This study deals with the spectroscopic investigation of interaction between
antidepressants and bile salts which give the valuable and plentiful information about uses
of bile salts in pharmaceutics. The spectroscopic techniques such as UV-visible and
fluorescence have been employed for the determination of binding constant (K, K,), Stern
— Volmer constant (K,), binding sites (n) and free energy changes for binding (AGginding)-
The value of binding constant (K, K,) is found to be maximum for CPZ + NaDC mixtures
from both the spectroscopic methods. More hydrophobic nature of NaDC is responsible
for better interaction with antidepressants drugs. The negative values of Gibb’s free
energy changes reveal the spontaneity of all the systems. The order of Gibb’s free energy
changes of the studied systems is found to be : CPZ + NaDC (-42.42) < DSP + NaDC (-
19.84) < CPZ + NaC (-19.76) < DSP + NaC (-7.30).

(C) Interaction of antidepressant drugs with binary system (C;;-4(OH),-C»2Br + F-127)
have also been studied by fluorescence technique. The more binding affinities have been

found at higher mole fraction of mixed surfactant system for both of the drugs. Size



distribution, polydispersity and zeta potential values have also been evaluated by

dynamic light scattering (DLS) studies.
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Report

The project entitled “Micellar, Interfacial and Spectroscopic Studies of Antidepressant
Drug-Surfactant Systems’ deals with study of the physicochemical aspects of interaction
of drug to surfactant. Conductometric, tensiometric and fluoremetric techniques have
been used to study the several antidepressant-drug surfactant systems. The interfacial
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The mechantsm of the interadion of dregs with other forel gn materials s of paramownt importance in the drug
delivery. The exoess amount of drsgs can cawse ove rst mulathon, psychotic llness and other disorders. Inrecent
ears the research on targeted dineg delivery in body organs and the role of swrsctants |5 priman by focused. Sur-
factants have been brosdhy wed inpharmnascest cal industmes dive to their wigee m el sol il Eation pro per-
e Here we report the charaderization of binding of two ant pachotic dregs chlompromaz ne hydnochlonds

Heywr Bl [PZ) and desipramine hydrechloride (DSP) with blo-surfactants sodiem cholate [MaC) and sodiem
Bic-mrErtnts dieoxycholate [Haldl) which belomgs o the class of ble salt U-visible and steady state fluorescence have
Binding constant been employed to sudy the interaction of drugs with bile salts. Van ous Interaction parame &5 swdy as binding
Sten Aalmer conzam constan | K, ) Stem-Volmer constant (K., ). Wnding stes (n] and themodynamic parameir Gibl's free energy
changes [AGy ;) have been evaluated at I00K. The observed results show changes in spearal intensities of
antipay chatic drugs on the addidon of bile salts Highes binding affindry and most promising activity are

shavwn by CTZ amnd NalC system
L 2017 Publ ished by Bsewier BV
1. Introduction are distinguished clas of hiological surfactants found in bile and synthe-

Several therapeutically active com pounds are amphiphilic innature
and generally undergo vanety of associabion with the tampet sitein plas
mamembrane of organians [ 1-6]. Micellar and interfacial propertes of
amphiphilic drugs are highly useful in the pharmaceutical stences [7-
4] Interactions between sudfactants and drugs are edengvely shodied
in search ofefficient dug-delivery system. Due to the presenceof an al-
rmost planar tricyclic ring system and a short hydrocarbon chain carng-
ing a terminal nitrogen atom they show surfactant ke behavior | 10-
11} This surface-active behavior among many diverse classes of drugs
has been reported and researche have been camied out to correlate
their surface and biokogical activities | 12-15] The aggregation of the
antidepressant drugs follows the zame princplesas of conventional sur-
factants | 16]. The self-amociation of dug depends on the experimental
conditions eg., temperature, pH, salt concentration etc, molkeoular
structure and conceniration of drugs [17-18])

Bile zalts are naturally oocurring amp hiphilic molecules. These ame a
class of potential bio- sudadants which are present in gstrointestinal
tract {GIT) and play an im portant role in drug deliveny and their solubi-
lization process | 19-20] Bile salts aggrepgate to form micelles and their
size continuesously increases with increment in concent@tbon. These

* Coresponding authar.
E-mail adadremes: kallolkghoshié@yah oocom (KK Ghashl

hitpy/ e rg AL 101 6 malli 201 702102
0167-FAELg 2017 Bublished by Eleevier LY

sized in the liver as derivatives of cholesterol midure of sodium =salt
They are also used as penetration enhancers which helps in the gastmo-
intestinal membrane permeability for oral route administration of
drmugs, considered as most convenient path for effective acton of drug
in body |21]. Thess bio-surfactant has low surface tension and contrib-
ute toemulsification of fats, lipids, fat soluble vitamins in our body.
They have widely used as tmnsporters in drug delivery, as they have
lonw viscodty, small aggregate size, simple preparation, long shelf-ife
and non-toxic in nature [22]

Antidepressants drugs are used to relieve or prevent psychic depres
sion and neurologic disorder. Owver the years many classes of antide pres-
sants have been used for the teatment of psychiatric disonders. But the
tricyclic antidepressant suffers from severl side effects like andiovas
cular, anticholinergic and antihistamine effeds [23-24]. 5o the tamgeted
dmug delivery in body organs with surfactants and other systemis nec-
eseary In order touse these systems as dnig carrier, a detailed study
of dug-surfactant interaction as well as the effect of micme md mnment
i5 wery important |25]. Various studies have been made in this context
| 26-32]

Chlorpprmmazine hydrochloride [(CFZ, Scheme-1) [3-( 2-chloro- 10H-
phenothiazin-10-yl }-N N-dimethy-propan-1-amine] is an anti psychot-
ic medication which is used to treat psychotic disorder like schizophre-
nia [33-36).This ismost widely used antipsye hotic drog throughout the
wiorld as compared to other neuroleptics. Desipramine hydmchlonde
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[DE&F, Scheme-1} also known as desmethylimipmamine |3-[10,11-
Dihydro-5 H-dibenzo| b flaze pin-5-yl}-N-methylpropan-i -amine | used
in the treatment of depression It inhibits the reuptake of norepineph-
rine. These are amphiphilic tricyclic antide pressants drugs [TCA) con-
taining nitrogen atom [37-38]

Mahajan et al. |32] studied the interaction of bwo phenothiazine
drugs promazine hydrochloride (PME) and promethazine hydrochlo-
ride [PMT] with bile salts sodium cholate and sodium deomoycholate
by conductivity, surface tension, UV-visible and fluoremetric measure-
ments and evaluated that PME + MaDC systern showes highest value of
hinding constant. They also reported the phy=sicochemical imeestigation
of interactions between pyridinium gemini surfactants and PMT using
conductvity, surface tension, UV-visible, steady state fluorescence
and MMRE measurements [33]. This group | 34] also explained the bind-
ing ability of ionic surfactants with triflucperazine dihydrochloride by
means of surface tension, electronic absorpton and fAlucrescence mea-
surements. In this imestigation they found that cmcvalues decrease
with increase in mole fraction of drug for all the drug-urfactant mie-
tures, Kabir-ud-Dinet al |35] studied the micellization of an amphi phil-
ic drug promethazine hydrochloride [ PMT) in the prezence of byvo
conventional surfactants CTAB and TTAB along with cationic gemini sur-
factants conductometrically at different tempemtures. They found the
attractive interaction in mixed system of drug and sufactants. Cactano
and Tahak |36] snudied the characeristc of binding of chlorpromazine
and trifluoperazine with sodium dodecy] sulfate using electronic ab-
sorption and Auomescence spectmscopy by changing the pH. Recently
Magvi et al [37 | mported the mixed micellization of dimeric sufactants
with amphiphilic dmg imipramine hydrochloride

T the best of our knowledge thereis no report in the literature that
explain the interaction of antidepressants chlorpromazine hydrochlo-
ride [{FZ) and desi pramine hyd ochloride [ DSP) with bile salts sodium
cholate {MaC) and sedium deccgycholate [NaDC L For our study we have
chosen these two antidepreszants chlorpromazine hydrochlorde [(CFZ],
desipmmine hydmchloride [D5F) (Scheme 1) Their interaction with
two bile =alts i.e sodium cholate and sodium decogycholate [Scheme
2} have been determined by UV —vizible and fluorescence speciroscopy
at 300 K.

2. Experimental
2.1, Materiak

Antidep ressant drugs chlorpromazine hyd rochloride [CFZ) (purity
=08% ), desipmmine hydrechloride (D5P) (punty 298X ), bile zalts sodi-
um cholate (MaC) (purity =97%), sodium deoxycholate (NaDC ) [ purity
=07%) were procured from Sigma Aldrich and used without further pu-
rification. 1 -pyrenecarboocyaldehyde [ 1-PyCHO) [ purity= 99% Jused asa
probe received from Sigma Aldrich The solutions were prepared in
millipore water.

22 Apparafus
The spectrophotometric measurements were made by using a
Varian Cary 50 UV-visible spectroph otomet er equipped with a peltier

temperature contmoller unit and a computer connected to a specTopho-
tometer. For the determination of binding constant and Stem-Volmer
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Scheme 1_5tmon e of antidepressn t drugs.

e = L]
i ,k__r'%u o ° fJ-'_%n
l_,q-_,ry_; :I:) = ""-\.!.-".‘-\.'.- | -_,.
[ e nr M'T—"'

Sodium Seomyokolate (NallC)

Schemel. Stucure of bile sals.

constant, steady-state fluorescence measurements were used. The fluo-
rescendoe measurementswere performed on a Cary Eclipse Auorescence
Spectrophotometer, Agilent technology.

23 Procedure

23.1. Alsorpiion magsurements

This imvestigation belps to understand the antidepressant=-hile =salt
interactions. The titmtions were performed by succesdve additions of
001 M stock splutionsof bile smtts (MaC and MaDC) directly into the or-
vette containing 3 mLof 033 mM drug solution [36]. To reduce dilution
effects within titration type experiments the volume of bic-surfactant
| Q] were added constantly to drog sdution.

232 Determination of pH
PH values of drug and hio-sufactant solutions were determined
using a Eutech [pH 700}, pH meter equipped with an Inlabi Expert
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Fig.1_Alsonption spectra of CFE with inmeasing aoncentration of {a) Mal and {b) MaDC
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Pro glass elect mde with an accuracy of +0001 units. The pH meter was
calibrated at 27 "C using the two-point calibration method with com-
mercially available standard buffer solutionsat pH 7.00 and 9.20. During
pre-aggregation pH values of CPZ and DSP were ob=rved as 665 and
639 mespectively. While in post aggregation pH values for CPE + MaC
and CFZ + NaDC systems were found as 6.19 and 672 respectively. In
case of DSP with Nal/MaDC, pH values were 6.10 and 6.80 respectively.

2.3.3. Auorescence meqsurements

The Auorescence spect roscopy has been applied to determine inter-
actions between drugs and hile salts. We have imvestigated the interac-
tion parameters for drog-bile salt mixtures by using external probe 1-
pyrenecarbox aldehyde [ 1-PyCHO). The emission spectra of drugs re-
corded in the range of 400 to 600 nm when exdted at 368 nm wsing
an excitation and emision ditwidth of 5 nm

2.3.3.1. Fluore scen ce quenching measurement of antide pressmmts. The: fluo-
rescence quenching measurements is very useful to know the of inter-
actions taking place between antidepressants and bile salts [MaCand
NaDC ). Owing to two types of singlet excited state ie. n-n° and n-n",
1-pymenecarboxg@ldehyde [ 1-FPyCHO) has been used as a fluomescent
probe for the depiction of micelle. Keeping fixed concentration of 1-
PyCHO (4.1 = 10~ 7 mal/L) the fluorescence specira wer recorded.
Figs. X and 4 shows the fluorescence quenching of CPZ and DSFP respec-
tively, moorded over the wavelength of 4 00600 nm keeping the excita-
tion at 368 nm with slit width of 5 nm. The fluorescence titrations were

(@) 150

CPZ / NaC

Intensity (a. u. )

Wavelength (nm)

(b)

140 CPZ/ NahC

Intensity (@)
&

1§
40 4

Wavelength / nm

Fig. 2 Fluorescence spectra of CFE with incess ing concemration of {a) MaC and (b NaDC

done with increasing concentration of bile zalts added while the con-
centration of drugs was kept fxed (0.33 mM) at 300 K

3. Result and discussion
3.1, UV-visible specimoscopy

This technigue is useful for studying the interaction between drug
and hile salts. The absorption spectra of CFZ and DEF in agueous solu-
tions with varying concentrations of bile salt MaC and NaDC shown in
Figs. 1 and 3. The spectra of CFZ presented two characteristic peaks at
245 nm and 305 nm wavelengths. In which the shorter wavelength
band is due to m-n" transtion and longerwawelengh is due to n-n" @an-
sition and also the presence of lone pairof eledmon on sul fur atom intri-
cyclic region of antidepressant drug CPZ |§]. In case of absorption
spectra of D5F it appears at 250 nm On the addition of bile sals the ab-
sorption intensity of antidepressants increases (red shift). It is also ob-
served from the Figs. 1[{a), (b)}] and 3 [{a), (b]}] CPZ shows spectral
shift of 5 nm at A 245 nm but the second spectra at 305 nm dosen't
showr spectral shift after ad dition of bile salts. Similarly D5 shows the
spectr@al shift of 5 nm at ks 250 nm. These spectral shifts show thein-
teraction of drug and bile salts which further indicate the new com plex
formation bebween antide pressants and bile salt="When the drug enters
tomore hydrophobic micellar emvironment from the agueous solation,
it shows red shift in their absorption maxima. Changes in spectral

(a)

DSF/ NaC

280 s 300 325 380 a76 400
‘Wavelength [ nm

(b)

0.5

DSP / NaDC

Absorbancs (a.)

g — T
L 275 300 323 EE 375 Aol
Wawalangth | nm

Fiz. 3. Abmorptom spectraof ISP with inceasing anenratan of (2 MaC and {b) MaDC.



% T, Vizdkow = ! | Josrmindof Ml cuer Lipuichs 223 [2017) 2. 28

{a} 18d 1

140 =

DSF / MaC

120+
100+

a6 4

Intansity [a.w)

(5

500
Wawalength [ nm

1 DSP/ NaDC

500
Wavelangth { nm
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intensities are the indication of interaction of drugs with bile =salts | 2].

Binding of hile =alts with dmug molecules caloulated by Benesi-

Hildebrand equation | 39,40]

1 1 1
A=Ay K{Agm —Ap)[Bile Salt]  Amx—An

(1

where, A, = absorbance inthe absence of bile zalts
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A = absorbance at intermediate concentmation of bile zalts

A = absorbance atinfinite concentration of bile salts

K =binding consgtant

When we plot the graph bebween 1A — Aq) and 1/]Bile Salt], it gwes
a straight line shown in Fig. 5, which reveals that antidepresants [(FZ,
5P and bile sls [Nal, MaDC) formed the 1:1 complex between them.
The binding constants K wem calculated from the mto of intercept and
slope of Benesi-Hildebrand plot ame 0063 = 10~* mol dm— ',
0883 » 10-% mol dm~', 0027 x 10-% maol dm~"' and
0040 = 10~ * mol dm~ for CFZ + MaC. CPZ + NaDC DSP + MaC and
DSP + MaDC respectively. The values of binding constant illustrate that
MNaDC shows more binding affinity towards the antidepresants drugs

3.2 Fluoremetnic megsurements

To understand the interaction between antidepreszants and hile
salts the spectroscopic technigues such as steady state fluoescence
hawe been employed. The fluorescence emission spectra [Figs. 2 and
4] of CPE and D&P show the addition of bile salts quenched the specta
of CPE and DSF at 474 nm which showes the new complex formation be-
tween antidepreszants and bile zalts. The ad dition of constant volume of
quencher [i.e QU001 mLof 10 mM bio-surfactant solutions) to the drog
solution avoids complications due to diluton effects within titration
type experiments. Process of fluorescence quenching is explained by
Stem —Violmer equation [41]

la/l1=1+KxJ0] (2

where, Iy = fluorescence intensty of CPE and DSP without quencher

| = fluorescence intensity of CPZ and DSP with quencher

Kx = Stern-Volmer constant

|Q] = concentration of quencher.

Figs. 6(a) and 7{a) show the plot ofl,Tversus| 0]} and give the value
of Stern-Volmer constant shown in Table 1.

By applying Eq. (4)we can calculate the value of binding constant K,
and binding sites n,
logl(le—D]/1= log K, + nlogsurfactant] 31
here, K, = binding constant

n = hinding sites.

The values K, and naregiven in Table 1. All systems show the value
of hindingcapadty (n) is greater than unity. CFZ + NaDC systemn shows
higher binding capacity while other systems [ CPE 4 NaC, DSF + NaDC
and DSP + NaC) show less binding capacity indicating that they do not
show significant binding to each other.

Using the value of K, the Gibb's free energy changes for binding ob-
tained for this process from the Eq. (4],
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Fig. 5 Benesi-Hil dehrand plot using changes in absorption spectraaf { ) OPE, (b) DEP for Mad and MaDC
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The negative value of Gibb's free emergy changes for binding
[ A} Asure that the binding process isspmtaneous and it ishelp-
fulfor studying the intarcation of drugs with bic-surfactants. The NaDC
shows higher value of K, for both antide pressants than MaC due to hy-
drophobicty which leads to their different bindingabilities. [tis also e
amined that between CFZ + Mal and OSP + NaC systems, the binding is
stronger for former case showing higher binding affinity which also e
plains about the more hyd rop hobic nalue of CPZ than DSP. In the case
of CPZ + MaDC and D5F + NaDL the previous one shows higher bind-
ing affinity. CFZ contains phenothiazine ring and positively charged
group shows a better hinding with negatively charged bile =alt [36].
MaDC posseses more hydrophobic nature which promote the abeorp-
tion as compare to Mal The binding constants (K, | showed a consder-
able hydmophobic contribution modulated by elecrostatic interactions
of the positively charged drug with the head group of bio-sufactants
|42]

4. Condusions

This study deals with the spedroscopic investigation of interaction
between antidepressants and bile zalts which give the valuable and

Tahle 1

Stern <Valmer quenching mnsams (K. ). binding omsamnts (KL number of bindngsies
{m), free enengy change for hinding [A Canding) for the drug-hile skt complexation of
CFE + Nal MaDC and DEP + MaCNalC wsing fluarescenoe echmigque.

Drugbilesals K= 107" Kg w107 n Ay
complex fmaldm="  {maldm~") k] mal™="}
CFZ + Mal 2+ 004 Q081 + Q00 168 —1976 + 07
CFZ + MaDd 55434+ 405 Q16T + Q00 202 —£24D 404
5P + MalC 1343 + Q08 QO7I0 4+ 0002 185 —730 +02
[EP + MaDC 2208 + 006 047046 + 0003 171 —1984 +07

plentiful information aboutuses of bile zalts in phamaceutics. The spec-
troscopic technigues such as UV-vizible and fluorescence have been
employed for the determination of binding constant (K, K}, Stem-
Volmer constant (K, ). binding sites [ n) and free energy changes for
binding [A Ggune ). The value of binding constant (K, K, } is found to
be maximum for (FZ + NaDC mixtures from both the spectrosoopic
methods. More hydrophobic nature of MalDC isresponsible for betterin-
teraction with antide pressants drugs. The negative values of Gibb's free
energy changes reveal the spontaneity of all the systems. The order of
Gibb's free energy changes of the studies systems is found to be;
CFZ + MaDC [ —4242) « D5SP + NaDC [— 19.84) < (PZ + Nal [—
19.76) = DSP + NaC [— 730).
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Aggregation behavior of bio-surictants | BS) sodium chalate [MaC) and sodiwm deoxychol ate [ MaDC) witlin
aqueots soluion of ionic ligud {IL) 1-ethyl-3-me thylimidazolium bromide |Emim [[Br | has been investgated
sl e Surface te nslon, conductivity, steady state fluoresence, FT-IR and dynamic light saterng {DLS) tech-
nigues Vanows interfacial and thermodynamic parameters are determined in the presence of different wit of
IL |Emim|Br]. Information regarding the local microenvimmment and size of the aggregates s obtained from
fluorescene and DS, respectively. FT- IR spectral response 5 wsed toreveal te interactions taking place within

fmk Bquid aqueots NaCMalC micell ar solutions_ It & notewor ty to menton that increasing witof |Emim ] Br] resuls inan
B st Increase in the spontaneity of micelle formation and the hydrophilic 1L shows more affiniry for MaC a5 @mpared
Critial mi Tl concentration o MalC Further, the micel Lar sol utions of B5-] Emim JJBr] are wtil ized for studying the aggre gation of antidepres-
Aggregation behaviar sants drug promazine hydrochloride [ pH). IV -vis spectiosapic investig ation reveals |nberesting outoomes and
Spectrasmpy the results show changes in spectral sbsorbance of FH dneg on the addition of micel Lar Solution | B5-| Emim JBr] L
Highsest bindineg affininy and moest prom bsing activ ity are shown for NaC a5 oom pared to NaDC

D ANE Bsevier BV All rghits reserved.

1. Introduction chain fatty acid like hydroocyl fatty acid or a-alkylf-hydrosgy fatty

The scientific potential for researchon ionic liquids (1Ls) is virtually
unlimited and |Ls have opened up a new face of chemistry [ 1] ILsisa
Redgling science and knowdedge about the physical, chemical and bio-
logical properties of ILs is limited compared with comeentional organic
solven s although it is growingat a phenomenal mte | 2—4]. The dual na-
ture of ILs as electmlytes [ co-solvents) |5] or as co-surfadants |6] en-
couraged usand other to study the impact of ILs on the aggregation
behavior of bio-surboants, surfactants, proteins gpclodexirins, amino
acdds and drugs etc. |7-9). One of the impressive features of ILs is that
these are non-toxic, possess high conductive, non-volatile, non-flam-
mable and high thermally sableetc. [10-12]. Therefore, these designer
solventscan be exploited for variousapplications i.e, separation, extrac-
Hon, aggregation, elecrochemical and coating etc. |12-15].

Bip-surfactants [ BS) are biological surface-active molecules [ or am-
phiphilic molecules) which are produced by micro-organisms such as
bacteria, fungi and yeasts [ 16]. The hydmophobic moiety is a long-

* Cormesponding athor.
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haps: fdotorg 10107 64 s 2018 IR0
138 6142540 2018 Elsevier B V. All rights reserverd

acid | 17] while hydm philic moiety can be a carbohydrate, an amino
acid, cyclic peptide, phosphate and carboogylic acid among others. They
show well-recognized surface and emulsifying properties [1819]
They have similar properties of surfadants such as lowering interfacial
tension, foaming wettng surface and better solubilization or emulsifi-
cation of hydrophobic organic compounds [20]. Due to their advantages
over synthetic surbcants eg, o toodcity, high degradability, emviron-
mental compatibility, high efficiency, they received significant interest
from reseamhers workiwide for numerous ap plications such as chemi-
cal manufacturing pharmaceuticals and contamination remediation,
among many others |20-22]

Binary mixtures of 1Ls with BS show improved surface properties
and they can show remarkable physicochemical properties than com-
pared to comventional surfactants [23] Study on the molecular interac-
tions [ electrostatic and hydmphobic) of *Mal/MaDC +11" systems can
help us to improve understanding on these biological systems and
their potental applications in various fields |24]. The micelle ormation
between BS and [Ls is cumently a topic of immense importance [25]
There are some good artickes devoted to imvestigating the micellization
ofimidazolium-based ILs with bile salts |26-28]. Till now, the most
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commaonly imeestigated BS are mainly of ghycolipids and phospholipids
in mature. Wang et al. |27 28] studied the interaction between sodium
cholate [MaC} with quercetin/ phospholipid vesicles using surface ten-
sion, TEM analysis and spectroscopic measurements show that the pres-
ence of quercetin leads MaC to hawe increased omc because of the
hydrop hobic imeractions. These results reveal that the NaC induces sol-
uhilization of phospholipid vwesicles into phospholipid/MaC mixed mi-
celles. The vesice-sto-micelle transidon significantly affects the
behavior of phospholipid vesicles, phospholipidsMaC mixed vesicles
and phospholipids™al mixed micelles with curcumin Hersam et al.
| 9] hawe investigated these BS-hased systemns using two dimensional
diffusion ordered [ ZD-DO5Y) NMR spectroscopy to probe the micellar
structure of sodium dodecy] sulfate and MaC in agueous solutions in
the presence and absence of semiconducting and metallic singe walled
carbon nano tubes. Further, Moulik and coworkers | 30] have shown the
aggregation behavior of sodium cholate [NaC) and zwitterionic
surfactant CHAPS |34 [3-cholamidopropyl) dimethylammonio]-1-
propanesulfonate ] by using tensiometry, Aluorometry and DLS. The re-
sults are explored on the physicochemical properties of CHAPS, NaC
and their mixtures. Mahajan et al. |31 | hawe eported the interactons
between Nal MaDC andIL 1-dodecyl-3-met hylimidazolium bromide in
the mixed micelles using surface tension, steady state Auorescence
and DLS measurements, where the interactions have been found to be
highly synergistic. The evaluated various solubilization parameters
using UV-vis measurements.

In present imeestigation, the interaction of imidazolivm-hased IL 1-
ethyl-3-methyl-imidazolium bromide |Emim]| Br] is added to agueous
solutions of the teo BS, sodium cholate [MaC) and sedium decor holate
[MaD{) with appropriate concentrations have been studied. The physi-
cochemical properties and self-ageregation of agueous Mal NaDC with
and without addition of IL [Emim]|Br] were studied by surface tension,
conductivity, steady-state fluorescence, FT-IR and D1S techniques. We
hawve alzo shadied the effect of IL on micellization process and surface
properties i, critical micelle concentration [omc), madmum surfoe
excess concemration [T, ). suface presume at omc [T, ), minimum
area per molecule (A, ) and efficiency of adsorption [ ply) using ten-
siometric method. The various thermodynamic pamameters ie., the
standard Gibbs free energy of micellization [AG®,, ), the Gibbs energy
of adsorption [AG,..) the Gibbs energy of transfer [AG y,..] the
Gibbs energy of micellization per alkyl tail [AG",5), at the air-water in-
terface [AG',..) have also been evaluated by conductivity measure-
ments. The cmc, aggregation number (N, |, Stem-Volmer constants
[ K, ) has also been studied by steady state fluorescence quenching
method DLS isused as a complementary echnigue, since it measumes
the diffusion of the particles which is also related to the structume and
interaction present in the system. FTHR spectroscopy was used to
study the interactions that led to modification in the structure and func-
tion of the BS assemblies with IL The investigation of the wave num ber
and band width deviations of umisual vibration modes are used to illus
trate the alkyl chains and interfacial and head group regions of BS mol-
ecules. These compounds are envimnmentally friendly since they are
hiedegradable, potential for industrial and environmental applications

Chemical structure of IL 1-ethyl-3-methylimidazolium bromide,
cetyl pyridinium chloride, sodium cholate, sodium demgpechaolate, anti-
depreszant drug promazine hydrochloride and fluorophore pyrene are
represented in Scheme 1.

2. Experimental Section
2.1. Materials

The bio-surfactants, sodium cholate, sodium deoxycholate, jonic
liquid 1-ethyl-3-methylimidazlium bromide, promazine hydrochlorde,
cetyl pyridinium chloride and pyrene were purchased from Sigma-
Aldrich Pvt. Ltd. Bangalore, India and were used without Further purifi-
cation. All the solutions were prepared in Milli-Pore water.

22, Methods

22.1. Critical Micelle Concen fration

The cmc values of MaC and MaD{ were obtained from surface ten-
sion, conductivity and fluorescence studies. The ome of the binary mix-
tures Mal + |Emim]|Br] and NaDC+] Emim J|Br] were determined by
condudivity, surface tension and Auorescence studies as well

222 Surfore Tension

Surface tension measuremen tswene carried out usng a Tensiometer
[ Jencon Kolkata) by the ning detachment technigue. Eadier to every ex-
periment the instrument was calibrmated with Milli-Pore (720 + 0.5
mMm " at 298 K} was used for the calibration BS concentration was
varied by adding concentrated surfctant stock solution in a beaker
and reading was noted after thorough mixing. The cme value was ob-
tained from the sharp change in the slope of the surface tension ()
against logarithm of BS concentration isotherm. Surface pressure at
the omC [T ) has been calculated as [Mame = o - Yo ) Where ya
and “yeme are the surface tension of pure water and binary mixtume
NalAL ' NaDC-1L respectively.

22 3. Conductivity

The specific conductance was measured on the elecrical conductiv-
ity meter [Sygmonics Type-306) equipped with a conductivity cell [cell
constantis 1), The e wasdetermined from the break point of conduc-
tivity versus |BE] concentration cunve. The degree of counter ion binding
[B) iscaloulated as [ 1-ot), where o= 5 miceie Spre-mice e L, the ratio
of the slope after and before cmic

224, Fluorescence Megsurement s

Fluomscence specira of pyrene within agueous NaC and NaDC sys
tems | pure and mixed } were recorded wusing a Cary Eclipsed Fluores-
cence  spectrophotometer  [Agilemt Technology)l. An exdtation
wavelength (b ) of 334 nm for pyrene, slit width [ excitation slit
5 nm and emission slit 25 nm ) and scan mnge 350-600 nm. The con-
centration of pyrene was 1 x 10~ M throughout our investimtions.
The concentration of gquencher cetylpyridinium chloride (cpc) was var
iedin the range of 0 to 7 = 10~5 M.

225 Dynamic Light Saxttering

[Chynamic light scattering (D15) measurements were performed ona
Zetasizer Mano-£5 90 (Malvern Instument, |apan | with a He—MNe laser
{23 nm} at 90° scattering ange at 298 K. An approprate amount of BS
was added to water or water-|Emim]| Br] IL mixtures and taken in a
quanz cuvette for DLS measurements.

226 Fourier Transform nfrared 5 pectmoscopy

Infrared spectroscopic investigations of the BS systems [pure and
mived} were carried out using a diffused reflectance-fourier tansform
infrared spectroscopy (DRS-FTIR) [Model: Micolet 510, Thermao Fisher
Scentific Instrument, Madison, USA). The instrument was calibrated
as all spectra were obtained by averaging 32 scans at 4 cm ' resolution
over thespectral mnge of 4000—400 cm ™~ using the auto g@in function
and slit set at 100 without ATR/DRS medification for wavelength
dependence.

227, UV —vis Spectroscopy

N —viz ahsorption spectra of the drog were recorded at 300 K using
a INW-vis spectrophotometer (Varian Cary-50). The concentrations of
promazine hyd mchlorde drug (001 moldm—*), NaC [2.43 molkdm )
and NaDC (290 moldm—*) were taken for spectral measurement in
water and 0L10 wi |[Emim ]|Br]. A gquarntz cell having an optical cel
length of 10 mm was used for the measurements. The wavelength
range for the drug wasrecorded at 280 nm to 600 nm and an absorption
band in the vicinity of 300 nmwas ohserved caused by the complex of
dmg with BS
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Srheme 1. Srudures of 1-ethyl-3-methylmadazolium bromd e, oyl pyridinium ¢ hloride, 5o dium cholate, sodium demogeholate, promazne hyd ochloride and flugrop hore pyrene.

3. Results and Disoussion

Micellization of B MaC/NaD{ in aqueoussolution at varyingamount
of |Emim]|Br] has been imedtigated wusing surface ten sion, conduchivity,
Auorescence measurements.

3.1. Surface Tension
The surface tension (v} of agueous BS solutions in the presence of

various witZ of IL |Emim ||Br] is studied at 298 K as shown in Fig. 1.
The omc and other parameters obtained from surface tension

measurements are reported in Table 1. Fig 1 clearly shows the v value
decreases with increase in the wt of IL, which reaches a break point
known as cmc. Due to interfacial adsorpton of BS molecules that allows
them to orient at the air/1L solution interface, it results in a decrease in
the surface tension of agqueous ILsolution Inthe present investgation,
the oh=rved oncvalues are satisbcorny to that reported in the litera-
ture [32-33 | Daset al |32] have studied the micellar properties of dihy-
droxy bile salts and the observed omc values of MaDC and sodium
taurmdeoxycholate [MaTDC) are kower than those of trityd mooxy salts,
MaC and MaTC Patelet al [33] haveinvestigated the mioed micellization
behavior gemini sufactant 12-4-12 and bile salts [ NaDC and MaC)
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Fig- 1. {A] Surfare tension {y) versus log MaC (M) in the precenoeof different wet | Emim | {Br]. (B} Surbee eneion () versus kog MaDC (M) in the presenoe of d iflerent we | Emam | Br].
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using surface tension measurement. They have shown that these sur-
face active molecules significantly lower the surface tension and at
lowe hile zalt concentration micelles have low ageregation number due
to hydrophobic interaction. Further, Wang et al. |28 | have studied the
interaction between Nal ageregates and quercetin in pH 74 sodium
phosphate buffer solutions and the cmc increases due to the decro-
static repulsion.

The Gibbs ad mrption isotherm is defined asthe efhciency of ad omp-
tiom at the boundary on the micellar surface |34). These are clmlated
{Eg. (1)) fromsurface tension () v=. logarithm of total concentration
for amphiphilic molecules [dope dwidlog C) (g 1):

i 1

dy ;
e e 1
= AR J &

d log C|gp

where, BT and C are gas constant, tem perature, the concentration of BS,
n is the constant (pre Botors) value and has been taken as 2. The value
of I, decreases with increasing the concentration of [Emim||Br] as
shown in Table 1. The I' g value for the mixture of MaDC 4 [Emim |
| Br] i= obsered to be slightly lamger compared to MaC+ |Emim|[Br]. At
low concentration of IL, Iy, vale for all the binary system is lower ex-
cept pure MaDC due to the formation of the micelle. The ILizhydrophilic
in nature as well as surface inactive due m analler alkyl chain length;
hence they do not contribute to the surface properties. However, at
high concentration of |L ', vales for all systems are lower [MaDC
= NaC), because once micelle formation [Nal/MaDC+1L) takes place
the low amount required of BS.This is further confirmed by the value
of minimum area per molecules {A,,. ] cakulated usng the Eq. (2],

Aggn =1 Tmx Ny (2

where, M, is the Avogadro number. The @loulated values of A, ame
shown in Table 1. The A, valueof pure BSmolecule is larger com pared
toa hinary mixture of BS with | Emim|[Br]. A= probable, the A, value
for MaC+ |Emim]| Br] mixture are larger e uding NaDC+ |Emim)| |Br.
Az the concentration of IL is increased, the value of A, is decreased
which suggest that molecules are dosely packed at the air‘'water inter-
face. Due to increase in the repulsive interaction between ILand BS, it is
satisBotory to explain the Egs. (1) and [2), tend to obtain for [, and
fyizq value musd be opposite and the same phenomena have been ob-
served, Higher valuesof A, for BS than compared to conventional sur-
factants systems intended smooth orientation of the bile salt at the

boundary.The surface pressure at the ome [ ] i5 c@loulated by using
Eq.(2].

Meme = Vo Yome (3]

where, . and e arethe surface tension of the pure water and binary
system of BS + IL, respectively, The value of ey increases and M, de-
creases with an increase in the witi of IL| Emim] |Br] presented in Table
1. lomic liguid [Emim]|Br|is surface inactive in nature, therefore they do
not contribute to the n,., but they play a significant mle in the com-
plexation process. Hence, the [L affects indirectly on the surface pres
sure, because the formaton of micelle. Table 1 shows that on
increasing witk of IL results in reduction of m, . value, which suggests
the decrease intheir effidency. Also, the m, . value of MaDC 4+ Emim]
| Br] complex are found to be lower compared to MaC+ |Emim]|Br] com-
plee.The plsy, is the effidency of adsorption of surfactant at the air/
water interface; ply, was caloulated from the Eg. [ 4);

Pl = —loglny (4)

The pls; values of pure BS and their mixture with L are listed in
Table 1. It has been observed that ply, values increase with increase
in wi¥ of |[Emim]|Br] in binary system MaDC+|Emim]|Br)MaC
+|Emim]|Br]. This iz due to the reduction in surface adsorpton of BS
system. The pls, values show an overall inaease with increase in the
wit® of IL, which is due to the reduction in surface adsorptionof BS sys
tem, This is because IL |[Emim]|Br|is surce inactive in nature and does
not contribute significantly to the surface properties.

3.2, Elecmical Conductiity Measurement

The spedfic conductance (k) of the bile salt solutions in the presence
of various concentrations of |1 water midures was measured at 298 K.
The condudance at various concentration of IL (002, 0,05, 007 and
0.10 wik) are shown in Fig. 2 and caloulated parameters are given in
Table 1. Fig. 2 shows 2 sharp imtersection of bwo linear regimes ie (i}
pre micelle and (i} post micelle, comesponding to the monomeric
form and micellar phase of the surfadants, espectively. For all the sys
tems investigated, the specific conductivity increases with increasing
the wtZof ILand theincrease in the slope gradually decreases after for-
mation of micelles. [tis well established in the literature that from con-
ductance measurements at the omc regon, degree of counter ion
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dissociation (o) and counterion binding of the micelle () can be easily
obtained for BS. Recenty, Das et al [32] have studied the cmc of dihy-
droegy bile zalts and evaluated the cmc values of NaDC and sodium
taurodemopcholate [ NaTDC ) at different tem peratures. The obtained re-
sults are in accordance with the higher hydrophobic nature of dity-
drugy bile zalts to that of trihyd roogy bile salts.

The degree of counter ion dissociation (o) has been defined as the
ratioof post to pre micelle slope (@ = 535 ie., are below and above
the cmc [Sml maol ')} and is presented in Table 2. It is noticed thaton
increasng the wi of I the o values gradually decrease for MaDC be-
cause the imidazolivm ning of ILishonded to the hydmophilic part of sur-
factant, but high concentration (0,10 wiX) of | Emim]|Br] results in an
increase inthe ovalue ascompared to pure bile zalt BS MaCin the pres-
ence of counter ions (OH ) is more repulsve to the surface area of the
micellar system than MaDC Chen et al. group |[35] has studied the
thermodynamics and structural evolution of a viamin-derived bola-
amphiphile induced by MaC This imvestigaion may improve the ther-
modynamic mechanism after the structure transition of the micro-ag-
gregates formed by amphiphiles in the gut Varoos thermodynamic
parameters have been calculated and listed in Table 2 to evaluate the in-
teraction between imidazolium-based [Lwith B at the airwater inter-
face, aswell as in bulk mediuom [38]. Sugiharaetal |36] have proposed a
thermodynamic quantity for the given airfwater interface (A6 )
folloered as Eq. [5];
AL e = Mgt Yoame- Mo 5

The value of AG™), ., are fisted in Tahle 2 as a measure of the work
for synergism. The free energy change is defined as accompanied by

Table2
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the transition from bulk to the surface area of the solution or work
needed at the interfice per mole. NaDC has AG™ g, values lower com-
pared to MaC BS, that means, the lower vale of AG™},:, is mome ther-
modynamically stable Similar behavior has been observed in the
migture [Mal/MaDC+IL), which suggests an enhancement in the
spantaneity of the process Moulik et al. [30] has studied the AG g,
value which is the lowest for pure 3-][ 3 <cholamidopropyl | dimethyl-
ammonio]-1-propane sulfonate [CHAPS) and highest for Mal mixtures
and explain both negative and positive deviations with a cross-over
point at Xesares = 030, The positive variation that maintains from
above 030 up to Xogams = 090 upports non-synergistic mixing.

Mean Errors o = 40003, p = 40,03, AG s = +0002 k]/mal,
MG = 4002 k]/mol, AG pam = +0.01 k/molAG ua, = +
0.01 kjymol, AG wes = 002

The standard Gibhs free energy of micellization [ AG &) hasbeencal-
culated using follmeing Eq. (6];

Cour
5540

AP = 2—a)RT In Mgy = (2—a) In 6]
where v is the degree of counter-ion hinding, Caye are in maldm ™%,
Npye is the CMC in male fraction unit and 55 40 comes from 1dm® of
water which corresponds to 5540 mol of water at 298 K. In all binary
[MaCMaDC+1L) system, the values of AGy, are more negative, which
indicates that the process of micellization is spontaneous and values
are presented in Tahle 2. On increasing the concentration of [Emim |
| Br] in the hinary system, an overall increase in the negative value of
A"y has been observed. Tahle 2 shovers that AL, values for the NaC bi-
nary system are larger than MaDC The standand Gibbsenergy of adsorp-
tion [AM7 4e:) was caloulated accomding to following Eq. (7);
AG g = AG o —Tomg T i
where, AL, is the standard Gibbs free energy of the adsorbed BS maol-
emles and M, T 0 BEq. (7, is expressed to comvey the energy of
amphiphile from a monolayer at 3 2em surface pressure in the micelle
form. Here, caloulated AL, 5, values are listed in Table 2, for all the hi-
nary mictures [BS+]Emim }| Br]} are observed to be very large com-
pared to AG . Which suggest that the work imeolved in transferring
the free enenry of BS from a monomer at 2ero surface pressure to mi-
celle is more considerable and the valueiznegative showingthe process
i= spontaneous, In comparison, both values of AG  and A7 ., of the bi-
nary mixture of Mal+|Emim}[Br] are larger compared to MaDC
+|Emim]|Br[.The Gibbs free energy of micellization per alkyl tail
[AG 4 raa) 15 cakoulated according to Bq. [ 8);
AG g =AG w2 &

Table 2 shows, the AL, g values of NaC 4 |Emim ||Br] are larger as
compared o NaDC+|Emim]|Br] binary mixtures, since the amp hip hile
tail group transfer the Gibbsfree energy due to the fact that amp hiphile

Thi= Cibte free energyiof mieellizmton (A" y ), the stan dard Cibbe: nergy of adsanption (AL x, ) the G b= energy of gansler | AL ) the fre sangyat airwater imterfioe | AC" L the
Gihis energy of micellization per ally] @il (46" ). degree of d ssocaton [ o) and counber-don binding () for BS in the presence of differentwa | Emim]jbr] o 258 K
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tail is rermowved from the contact with [L mixture and transferred to the
hydrophobic core of micelle. These are contribution to the transfer of
Gibbs free energy of pure water and interaction between IL with BS, it
acoounts for the sohrop hobic e fect.

3.3, Fluorescence Study

The various micellar parmeters of interest, such as onc, aggregation
number | Ngg), dipalarity, among other are obtained using fluorescence
method [uang pyrene as the probe). Auomescence probe, pyrene isub-
lized to gain information on the omc and dipolarity of agueous Nal[
NaDC solution in the presence of different wi¥ [Emim]|Br]. Pyrene is
oneof the most widely used Auomrescence probe as an aromatic lypdmcar-
bon which is used for pol arity sudies, which shows sgnificant vibrational
band in its fluoreaence spectrum in @lubion. The intensides ratio (FF)
of the first vibronic peak (373 nm) and thind vibronic peak [ 384 nm) iz
highly sensitive to the polanty of the imounding medium. Ag. 3 shows
the variation of FyFz velog|Nal] in the presence of different wii (0002,
0%, 007, 0.10 wi&) of [Emim ]|Br]lL. At certain concentration, the ratio
of Fy/F; remains constant and then decreases rapidly, which again attains
an almiest constant value with further increase in BS concentration.

Table 1 shows the cmc values of BS in the presence and absence of
different wiX of IL Fluorescence technigue is used to caloulate the cmc
value which iz similarto those observed from surface tension and con-
ductivity tec hmigues. Inthe present study, IL shows more impact on ag-
gregation of BS in agueous solnbon, MaDC is songy aggregate of L due
to the lydrophobic interaction compared to NaC Wang et al [27] have
studied the phospholipid/M™aC mived micelles by Auomescence tech-
nigues using pyrene as a probe and observed that micelles are formed
abowve 20 mM MaC, neary equal [0z vales are obsenved for phospho-
lipid/MaC mived micelles and pure Nal micelles, indicating similar
micro polanties for the two kinds of micelles. Wang ot al. [28] have
shown that the MaC monomers gradually ageregate intodimmers and
gquercetin mixed with NaC often gives higher fluorescence intensities
than free querceting which is clarified in expressions of the hydrophobic
binding of quercetin with Mal

330 Agrregation Number

The aggregation number of MaCMalCin the presence and absence
of |Emim]|Br] were obtained by fAuorescence quenching [ CPC 10mM}
method according to the following Eg. (9}

In (i) _ Oumirse _ [PClpprp
Fa jmicelle] [micellels

190 e .

] ® 08w [Emim][Br]
53 P . ® (85 wits [Emim]|[Br]
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Fig. 1 Pyrene [ 1 @) £, imtensity ratio versus log of concemtration plots for Mad in the
presence of different wL of | Emim | Br] 2 amin ent conditions (4, = 337 nm and sht
width 25 nmand 1 nmiL

whem, Fy and Fy are an intensity of fluorescence emission spectra of
pyrene in the absence and presence of quencher CPC, respectively.
| CPLJgcene, | BS | are the concentration of quencher CPC and BS. Agprega-
tion number [N ) was caloulated by using the fluorescence quenching
method at different wi® of |Emim|| Br] with BS mizxture |26] and given
inTable 3. The plots of Inf Fy'Fy) wersus concentration of quencher
[CPC) in 100 mM BS solution in the presence of various wiz of [Emim)
| Br]is presented in the Figs. 4 and 51. A good linear comelation is ob-
tained at each concentration from Oto 0.0 witE of [Emim||Br] The ag-
gregation mumber for the mixed systemns was o btained from the slope
of the n[ FefFg) versus concentation of | CPC] accord ing to Eq. (9], is pre-
sented inTable 3.

The Tahle 3, shows amaller value of Mg for pure system compared o
the binary system of B5+ | Emim || Br], which is due to the intense packing
of these 1L and hence more dosly cowded micelle sructure is fomed.
The electrostatic and hydrophobic interaction between the cation of the
imidazalivm ring and the head group ofthe BS isexplined tobe the ma-
son forthe increase in Nagg. The mailts suggest that hydrophobic interac-
tion dominates over the eedrosatic repulsion, this leads to the
formation of acosely packed micellar structure. Table 3, clearly showed
Ny vahe of the MaC is larger compare to NaDC because in MaC OH™
groups are responsible to easily form aggregates in | Emimj| Br] than
MNaDC |38 ). Literature reports specified the lower aggregation num ber
ofbile zalts than common surfactants which has been supported here
| 30]. Patel et al. | 33] studies the microstructure evaluation of cationic
gemini surBotant, buta nediyl-1,4-bis| dod ecyldim ethylammonium bro-
mide] [ 12-4-12) within Mal and NaDC by SANS measurement. MalDC
is zeen o be more capahble of altering the ageregation behaviour com-
pared to Nal The micelles are formed with My, = 78, An electmstatic
interaction is obsered between 12 and 4-12 micelles and negatively
charged hile zalts.

TheStern-Volmer quenchingconstant [ K ) wascalolated using the
following Eg. (10);

In Fg/Fg =1+ K [Q] (10}

The Stern-Volmer quenching constant (K.} can be estimated from
the achieved slope values of the plot In Fy/F g versus [(PC). The K, values
aredepicted in Table 3. The differencein the cakulated dataof K, isex-
plained in terms of the hydmphobicity of micellar splutons, Table 3
clearly shows that an increase in the wi of ILincreases the K, value
[MNaC=NaDC)

3.4, Dynamic Light Scattering

Dynamic light scattering [DL%) is used to obtain the size of the micel-
lar aggregates within agueous BS [Nal /MaDC ) in the presence of differ-
ent concentration of |Emim]|Br] 1L Fig. 5, shows the scatteringintensity
for the hydrodynamic diameter of an agueons solution of the bwo BS
[MaCand NaDC)at 010 M in the presence of |[Emim]|Br] underambient
condiion. Mono modal digribution is obsenved for MaCinthe presence
of different concentration of | Emim ||Br]IL. The peak diameter for ague-
ous MalMNaDC in the presence of a varying amount of | Emim]|Br], re-
spedively is presented in Table 3. The average radius of pure BS NaC
shows a himodal distibution with hydrodynamic radii larger Dh =
43006, 1368 (d.nm) and a polydispersity index POl = 0642 The in-
creased wit® of IL mduces the dimodal distribution [ a) tor 002wt
| Emim J|Br], Bh = 4016 [dnm |}, PDI = 0.590, (b} for 010 witX [Emim]
|Brl, Bh = 2536, FDI is 0.B33. The average radius of pure BS MaDC
shows a polymodal distribution with hydrodynamic radii larger Dh =
65006, 95.18, 546 (dnm) and a POl is 0682, The increased wi of
| Emimn] [Br] reduces the hydrodynamic radii (a) for 002wt [Emim |
|Br], Bh = 3687, 1.578, 5415 nm, PDI = (U630 and (b} for 010 wii
| Emim J|Br].Rh = 1578, 6303, 1.342 nm, PO is 295.1. These resultssug-
gest that |Emim ]| Br] forms azgregates with BS and the BS-IL complex is
formed. On the whole studies, the data show formation of micelle-like
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aggregates even in the presence of |[Emim ||Br]. Zhang et al. |37] have
studied the aggregation of CHAPS [3-]{3-cholamid opropy] Jdimethyl
ammonio}-1-propanesul fonate), a switterionic surBotant and reported
an Dh = 3 and 28 nm by NME and TEM measurements. Blume et al.
| 40] reported the aggregates of sodium cholate [Mal) and sodium
demgycholate (MaDC) in water and 0,10 M MNad at pH 7.5, 1 nm at
298 k. Our results fairly agreed with literare reports. Anionic BS NaC
and the zwitte fionic nontoedc surotant CHAPS [ 3 [ 3- c holamidopropyl)
dimethylammonio}- 1-propanesulfonate) is aggregation number (M), hy
drodynamic diameter [ Dh ]} valoes were 1-1 and 3—4 nm fior 75 mM MaC
and 50 mM CAHPS, respectively in 290-323 K meported by Moulik et al.
|30

The owverall average trend in peak diameter of micellar aggregates is
similar for both the BS; diameter ap pears to increase at 0010w 1L ad-
ditions. It is observed that incease inthe wiEof [Emim]|Br]L inceases
the peak diameter [MaC > MaDC). IL-BS interaction, which plays the sig-
nificant role in changing t he characteri=tc of BS cted with vertically po-
larized light. Change inthe micelle aggremte within BS-L [0 to 0.0 wit
%) is shown by eledrostatic atraction. As explained earlier, electmstatic
attraction between OH on MaC moieties with the micelles ina manner
that renders the average micellarsize Birlylamge Within NaC however,
the lackof such interaction combined with the anionicnature of the sur-
factant along with the presence of Na* counter ion resulted in much
mare compact micelles. Mahajan et al. |39 have studied the size of
PE4 and PE4-5DC mixed micelles and the size is found to be 13 and
5 nm, respectively. However, after the CLE loading, Dh vales weme ob-
served tobe 18 and 7 nm, respectivehy.

3.5, Fourier Transform Infrared Speciroscopy

FT-1R spectroscopy is a valuable tool inorder to obtain molecularin-
formation of BS, classify hydrogen bonds between interfacal water

malecules and head groups of BS. Furthermore, since FT-R is well suit-
ahle for the studies of the change in the structume of micelle in the pres
ence of imid azolinm-based [L.

Mal and MaDC wem irradiated vsing |Emim]|Br] IL and character-
ized with FT-IR spedroscopy before and after imadiation Their FT-IR
specira are shownin Figs. 6-7. The frequendes before and after irmdia-
tion of NaC and NaDCwere listed in Tahle 4 Significant changes have
been observed due to the imadiaton process. The strong absorption
bands mnges at 3700-3000 cm ™' were found which correspond to
the presence of OH" stretching for MaC and MaDC The C—H stretching
bands shift and become an even bmader band after irmdiation How-
ever, the OH- stretching vibrations band shift from 3382 cm~" intoa
broad band situated at 3486 cm ' for Mal. The C—H symmetry
stretching bands were shifted from 2978 cm~', 2930 cm~ ' and
2868 om~ ' to 3090 cn— 7, 2984 om ' and 2942 om . Hao et al_[40]
study a biological amphiphile NaDC in agueous solution by addition
of inorganic zalts and changing pH by FT-1R measurements and small
angle R0, The major differences of peak positions before and afterima-
diation are about 4 cm ', which showsthat the packing of C—H chain is
changed after irmdiation. The paesible peak of MaC and MaDC of C—0
and C007 groups was less outstanding due to the C—0 stretching.
This is a sharp hand at 1630 cm -1 while after iradiation it becomes a
broad band at 1649 o, which also indicates that lydrogen bond as-
sndiations were rearanged and more hydrogen bonds were formed.

The vibrational frequencies in the O—H stretching vibration region
for the pure | Emim ]| Br] IL molecules pure form can be observed in Fig.
6. The asymmetTic Ve was (CHa and symmetric Ve, (CHa). TH:
stretching vibrational frequendes are located at 2939 cm— ' and
2865 cm ™! respectively. The (H: signal intensities are lower than
those for the CHz stretching features are probable. The strong and
sharp peak was obtained in the range 1572 om " [{—0 stretching)
and 1173 cm~ ' [CH stretching ) for pure [ Emim||BrjlL. For MaDC, the
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0—H stretching vibrations bands wer obtained at 3567 cn™',
3553 cm ! and 3329 cm ', The CH; asymmetric and symmetric vibra-
tional feature (v, and v, }is the most ntense band in the NaDC spec-
trum 1572 cm~ ! [C—0 stretching) and 1173 cm~ ! [CH, stretching)
were dlso found in the MaDC molecules Fig. 6(B). These are some
peaks, which is identical for |[Emim]|Br] L and MaDC

¥o et al. |41] have studied the NaDC and Madl and MaBr in sodium
phosphate buffer, the addition of two kinds of amino adds (-ly=sine
and L-arginine} to NaDC'MaX hydro gels, the gel becomes solution at
room temperature is characterized by TEN, SEM, X-ray powder

diffaction, FT-1R and rheological measurements. Fig. 7 (] presents
the IR absorption spectra for mited MaDC+-| Emim ]| Br]iLwhere the ab-
sorption band reduce in the similar region. The hand =hift from higher
2939 cm~ ', 2865 cm~ ' and 2938 cm !, 2865 am ! to 2981 cm Y,
2BGE crm ! lower freguency for |Emim]| Br] 1Land MaDC that the numi-
ber of ganche conformers reduces and the number of partoularly struc-
tured all trans conformers of alky] chain inceases. The differences
between the spectra of |[Emim ||Br] IL and NaDC i a hydmxyl gronp
[ OH™) and Cesl), OO0 group, therefore, they have compaable struc-
ture modification after imadiation. The results show that the strudume

Absorbmmee

Wavenumbers (cnr')

Fig_ & PI-I} specira of pore IL | Emim]{Br] {2l Ma [b) and DRS-FTIR spectra of afier binding with | Emimi{Br] ILand KaC {c).
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Fig 7. FIdR spectraof pure ]l {2) and MaldC {b) and DREFTIR spectraof afer hindmg with |Land NaDC

of | Emim)] |Br]iL and MaDC has been changed. The results als show that
their bindingwith NaDC and | Emim ||Br | ILafteriradiation The calcula-
tion spectra of MaC and MaDC after and before iradiations were exposed
in 5cheme 1. The changes of the FT-IR spectma of the carboeoy] acids and
carbmodates zamples studies comprise salicylic acid, sulfosalicylic acd,
¢ holic acd, deoycholic acid, sodium cholate and sodium deceycholate,
it proved that the spectral variations of the example induced by free
electron lasersfadlities [FEL) are closely assodated with their pdrogen
bond systems is reported of W et al [42] Mahajan et al |39] and our
group has heen studied the complaxation of drg Oozapine (CLF) and
pluronics, S00C and confirmed using Powder X-ray diffraction [FxRD)
and FT-IR tec hnigues.

In conclusion, for Mal and MaDC, the interaction of |[Emim ||Br]lLs
caninduce the dizsdation and rearangement of hydrogen bond struc-
ture. There are many hydrogen bonds formed by Ho0, OH —, CO0 in the
structures of MaC/NaDC, which have energy delivery, are simple to be
significant with IL these are dissciated rearmnged. When the ligands
synchronize to the metal ion (Ma*), Na*t issynchronized to OH- and
007, the hydrogen bond assodation The C—0 of C0O0” stretching
bandsis twosharp peaks at 1714 an " and 1695 an ', while afterima-
diation they show a broadband at 1643 con . Two sharp peaks of C—0
vibrations become an expansive hand; generally, complexation with
Ma* can bring this kind of changes. Here, the irradiations of |Emim |
| Br] also reason the large changes of C—0 vibmations, which show that
hydrogen bond networks containing C—0 wemne distorted after irmadia-
tiomn These reaultsspecifipthat the hydmogen bondarmngement was dis-
socated and marmnged after irradiation for the two zamples.
Considering the ohvious variation in skeleton vibr@tion, it is suggested
that the moleolar skeletons of these beo bile zalts vary afterimadiation.
Forexample, for Mal, the peak pegitions of many bands have shifted and
comparative intensities were changed in the fingerprint region: the
comparative intensity at 1472-1339 an~' bands i increased; the

1085 cm~' and 1049 cm~" bands have shifted to 1176 and
1088 cm ™" frequency regon.

4. Nvisible Spectros copy

Im thiz study, the absorption spedra of drug pamizone ydrochlo-
ride {pH) within |[Emim] |Br] added agueous Mal and NaD{ solutions
are taken to confirm the formation of com plexes, Since Mal and NaDC
have almost no absorption band through the wavelength range (300-
500nm) (Figs.& and 52}, the absorption hand for the dng was obsenved
at by, = 300 nm. Changes in the intenzities are the indication ofanin-
teraction of drugs with bile zalts. Binding of bile salts to drug molecules
was cakulated usng the Benesi-Hildebrand Eg. [11],

1 1 1
3 P — -5 P R w—"

(1)

where, A is the absorbance at an intermediate concentration ofbile salts,
A4 15 an ahsorbance at the infinite concentration of bile salts and K is
the hinding constant. When, we plot the graph between 1,{A — Ay} and
1/|pH], it gives astright line shown in Figs. & and 52, which reveals that
antidepressants drug [ pH) and bile zalts [ MaC and NaD{) formed the
1:1 complex between them. The binding constants (K} calculated
from the ratio of intercept and =slope of Benesi-Hildebrand plot is 4
moldm ! for NaC and 2 mokdm ! for NaDC respectively. The values
of binding constants illustrate that MaC showes the more binding affinity
towands the antdep essants drugs.

Rub et al | 43] has investigated that the mixed micelle formation of
hydrotmpes [paa-tohidine hydrochlonde and ortho-toluidine hyd ro-
chloride] with promazine hydrochloride (pH) in absence and presence
of Nall at a different temperature. The evaluated values of cmc weme
estahlished to be inferior to onc™ walues supgesting attractive

Tahled
The chamateristic vitmational hands of FI-IK s pedra of Mal/NalC before and after | Emim|jBr] ionic hiquid radiagan.
Preliminary Assignments NaD{ Mal
Original {em™ ") Adter [Emim | 1L {an ™" ) Chriginal {am ™" After | Emim ir] IL [em™")
0 T5ET, 1551, T0Y T8, I555 1342 B e 485
CH Ta¥y TR P B TR B, TRGE W, g pagr
CoaH 1714, 165 1643 1630 164
CH 148 1460 1578 1540

CH, 0 ¢-0,00H, (0L
Gl e

1202, 1306, 1130, 1026

1454, 1338, 1170, 1094

1801, 1271, 10ES, 1048 1472, 1339, 1 176, 1088
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imteractions linking both components in the solutons. Mad effectively
reduces the cme of pure amphiphiles and their mived systems asa re-
sult of electrostatic interactions. The negative values of free energies of
combination confirm the stability of the mived system of drug and
hydrotropes Patil et al. [44] hawe studied the interaction of beo drog
PH and chlorpromazine hydmchloride [CPZ ) moieties with o-cpclodes-
trin showing important differences in the mode of interaction. The ac-
tivity coefficients are higher [for FZ) and lower (For CPZ ) than that
expected on the hasic of the Debye-Hucks imitinglaw fora 11 electm-
Iyte, The effect of complexation is established to be more in the case of
CPZ than PH.

5. Condusions

In this work, the ageregation behaviorof BS [MaC and MaDC) in pres
ence of imidazolium-based IL [Emim]| Br] is imvestizated with the help
of surface tension, conductivity, luorescence, FT-1R specroscopy and
dynamic light scattering. The overall results indicate the partitioning
of [Emim||Br] into the micellar phase of MalC/MaD{ Addition of
| Emim]|Br] results in the considerable change in the properties ie.,
cm, interfacial parameter, thermodynamic properties, N micellar
size, IR spectra of aqueous Nal/NaDC A significant decrease in cmic
and increases in Ny upon addition of [Emim ]|Br] to agueous NaC/
MNaD{ indicates a favorable micellizaton process in the presence of 1L
The negative value of AG" and AG" s, confirms that micelle ormation
and adsorption of MaCNaDC at airwater interface is energetically fa-
vorahle NaDC shows the lowestwalieof G which indicates the for
mation of the more thermodynamically stable surface. In agreement
with both FI-IR and DLS results it is shown that IL interacts with Mal/
MaD{ BS and induces compositionalstroctural changes. UV-Vis spec-
tm=scopy exposes that PH drug has a more binding affinity and maet ca-
pable action are shown by MaC than MaDC These studies point towrards
a new dimension tothe researchon [L-B%systermns and their various ap-
plications in biomedical science as well as bic-industries.
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