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i. Brief objective of the project:

Antidepressant drugs are widely used in treating psychiatric and neurologic disorder. Over the
year many classes of antidepressants have been used in Chhattisgarh region. The excess amount of
drugs can cause overstimulation, psychotic illness and other disorders. So the targeted drug delivery
in body organs with surfactants and other system is necessary. In order to use these systems as drug
carrier, a detailed study of drug-surfactant interaction as well as the effect of microenvironment is
prerequisite. This field is very much important for biochemical application and drug delivery system
and as this field is still in the infancy, needs proper examination.
The project seeks to understand in detail the nature of interactions between antidepressant drugs
and novel surfactants.
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Most of the drugs are used in combination with additives specially surfactants. Therefore, it
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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
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surfactants have been examined.
(c) Solubilizations of poorly soluble antidepressants drugs have been done using UV-visible
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(d) Study of the micellar growth has been done as drug-surfactant interaction using dynamic light
scattering.

13. ACHIEVEMENTS FROM THE PROJECT:

(i)

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

(ii)

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

(iii)

We have found the increasing solubility of poorly soluble antidepressant drugs by
surfactant systems.

14. SUMMARY OF THE FINDINGS: Please see Encl. 3
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MICELLAR, INTERFACIAL AND SPECTROSCOPIC STUDIES OF ANTIDEPRESSANTDRUG-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 (γ) 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 (Гmax), minimum area per surfactant molecule at the air-water interface
(Amin) and the surface pressure at the CMC (πCMC) 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 Cary50, UV-visible spectrophotometer. Quantification of solubilization capacity were undertaken in
terms of the molar solubilization ratio (MSR), the micellar water partition coefficient (lnKm) and
Gibb’s free energy of solubilization (ΔG°s) 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 (Ksv) 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 1pyrenecarboxaldehyde is used as a probe. Fig. 5 is showing the plot of intensity (I1) vs
concentration of drug (CPZ). The CMC values and other parameters (surface tension at cmc (γcmc),
surface excess concentration (Γmax), minimum area per molecule (Amin)) of antidepressants
obtained from both the techniques are given in Table 1.

Fig. 1. Plot of log C versus Surface Tension for

Fig. 2. Plot of log C versus Surface Tension for

Amitriptyline hydrochloride

Imipramine hydrochloride

Fig. 3. Plot of log C versus Surface tension for Chlorpromazine hydrochloride

Fig. 4. Fluorescence spectra of chlorpromazine

Fig. 5. Plot of intensity (I1) vs concentration of

hydrochloride for the determination of CMC

drug Chlorpromazine hydrochloride

Surface Properties

From the surface tension measurements, several interfacial parameters can be determined
such as the surface excess concentration (Гmax) and minimum area per molecule at the air-water
interface (Amin), using following eqs.:
Гmax= −

1

[

𝑑ϒ

2.303𝑛𝑅𝑇 𝑑 log 𝐶

Amin =1⁄𝑁Гmax

]T,P

where, R is the ideal gas constant (8.314 Jmol-1 K-1), T is the absolute temperature in Kelvin, C is the
surfactant concentration, (dϒ/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 1023 mol-1).
The value of Гmax generally decreases and that of Amin increases with increasing amounts of
drug (shown in Table 1). The value of the surface pressure at the CMC (πCMC) was obtained from
this eq.,

πCMC= ϒ0 – ϒCMC
where, ϒ0 is the surface tension of solvent and ϒCMC is the surface tension at the CMC. The values of
the πCMC 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 πCMC values, the higher the
effectiveness of the drugs.
Table 1: Interfacial Parameters: surface tension at cmc (γcmc), surface excess (Γmax), minimum
area per molecule (Amin) of antidepressants AMT, IMP and CPZ
Antidepressant

CMC x 10-4 mol dm-6

ᵞcmc

Drugs

Γmax

Amin

πcmc

106 mol.m-2

1020 m2

mNm-1

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 (γcmc), Surface excess concentration (Гmax), minimum
area per molecule (Amin) and surface pressure at cmc (πcmc) have been determined and given by
the following relations:
Surface excess concentration (Гmax)
Гmax= −

1

[

𝑑ϒ

2.303𝑛𝑅𝑇 𝑑 log 𝐶

]T,P

Minimum area per molecule (Amin)
Amin =1⁄𝑁Гmax

where, R is the ideal gas constant (8.314 Jmol-1 K-1), T is the absolute temperature in Kelvin, C is the
surfactant concentration, (dϒ/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 1023 mol-1).
Surface pressure at cmc (πcmc)

πCMC= ϒ0 – ϒCMC
where ϒo and ϒCMC 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
CMC

values, the higher the effectiveness of the surfactants.

πCMC value of pure surfactants are lower than pure drug and mixed systems in all cases. πCMC 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 Gsmin which is defined as follows:
Gsmin= Amin. γCMC.NA
Gsmin 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 Gsmin, the more thermodynamically stable surface is found.
The Gsmin 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-α,ω-bis(dimethylhexadecylammonium bromide)
(C16-10-C16,2Br-, C16-12-C16,2Br-) are shown in Fig. 6, 7, 8 and 9 respectively. The surface tension
() 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.

Fig. 6. Plot of log C versus Surface Tension for Fig. 7. Plot of log C versus Surface Tension for
Chlorpromazine hydrochloride in the presence Chlorpromazine hydrochloride in the presence of
of 16-10-16
16-12-16

Fig. 8. Plot of log C versus Surface Tension for
Amitriptyline hydrochloride in the presence of
16-10-16

Fig. 9. Plot of log C versus Surface Tension for
Amitriptyline hydrochloride in the presence of
16-12-16

Table 2 Interfacial parameters: surface pressure (πcmc), surface excess (Гmax), minimum area per
molecule (Amin) and free energy at air/water interface (Gsmin) of drugs (AMT/ CPZ) in presence of
surfactants
Systems
cmc × 10 -4 mol
dm-3
α
cmc
γ
Γ
A
π
∆G(s)min
Surf.

cmc

-1

CPZ+16-10-16

CPZ+16-12-16

AMT+16-10-16

AMT+16-12-16

0.000
0.015
0.025
0.050
0.000
0.015
0.025
0.050
0.000
0.015
0.025
0.050
0.000
0.015
0.025
0.050

19.0
18.0
16.0
15.0
19.0
16.5
14.0
12.0
33.0
31.0
25.0
23.0
33.0
28.0
23.0
20.0

mNm
42.0
50.0
48.7
47.0
42.0
48.1
52.0
58.0
56.5
49.4
47.5
45.8
56.5
45.0
43.2
41.0

max
6

-2

10 mol.m
1.89
1.12
1.10
1.03
1.89
0.99
1.18
1.38
0.81
1.11
1.10
1.09
0.81
1.15
1.27
1.26

min
20

cmc

2

10 m
87.49
148.16
150.43
160.15
87.49
167.01
140.15
120.07
203.96
149.37
150.82
152.14
203.96
143.46
129.92
131.63

-1

mNm
28.0
20.0
21.3
23.0
36.0
24.1
20.2
14.2
13.5
20.6
22.5
24.2
13.5
25.0
26.8
29.0

22.13
89.23
45.33
45.30
18.97
48.38
43.89
41.94
69.41
44.44
43.14
41.96
69.41
38.88
33.80
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.
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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 π-π* transition and longer wavelength
is due to n- π* 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 λmax 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 λmax 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:

Where, A0 = 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

(a)

(a)
DSP / NaC

CPZ / NaC

(b)

(b)
CPZ / NaDC

DSP / NaDC

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-A0) 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 10-3 mol dm-1, 0.883 x 10-3 mol dm-1, 0.027 x 10-3 mol
dm-1 and 0.040 x 10-3 mol dm-1 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.

Fig 12 Benesi–Hildebrand plot using changes in absorption spectra of (a) CPZ, (b) DSP for NaC and
NaDC

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.
I0 / I = 1 + Ksv [Q]
where, I0 = fluorescence intensity of CPZ and DSP without quencher
I = fluorescence intensity of CPZ and DSP with quencher
Ksv = Stern-Volmer constant
[Q] = concentration of quencher
Figs 15 (a) and 16 (a) show the plot of I0 / 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 Ka and binding sites n,

log [(I0 - I)] / I ] = log Ka + n log [ Surfactant ]
here, Ka = binding constant
n = binding sites
The values Ka 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 Ka the Gibb’s free energy changes for binding obtained for this process from
following equation,
∆GBinding = -RT ln Ka

CPZ / NaC

(a)

DSP / NaC

(a)

CPZ / NaDC

DSP / NaDC

(b)

(b)

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 (∆GBinding) assure that the

binding process is spontaneous and it is helpful for studying the interaction of drugs with biosurfactants. The NaDC shows higher value of Ka 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 (Ka) showed a considerable hydrophobic contribution
modulated by electrostatic interactions of the positively charged drug with the head group of biosurfactants. Fig 17 shows the schematic representation of drug-surfactant interaction.

(a)

(b)

Fig. 15 (a) Stern-Volmer plot of fluorescence quenching of DSP by NaC
(a) A plot of log [(I0 - I)] / I ] vs. log [Surfactant] for NaC

(a)

(b)

Fig. 16 (a) Stern-Volmer plot of fluorescence quenching of CPZ by NaDC
(b)A plot of log [(I0 -I)] / I ] vs. log [Surfactant] for NaDC

Fig 17 Schematic representation of drug-surfactant interaction
Table 3 Stern–Volmer quenching constants (Ksv), binding constants (K), number of binding sites
(n), free energy change for binding (ΔGBinding) for the drug-bile salt complexation of CPZ + NaC/
NaDC and DSP + NaC/ NaDC using fluorescence technique

Drug-bile
salts

-3

-3

Ksv × 10

K × 10
-1

n

∆GBinding
-1

(kJ mol )

-1

( mol dm )

( mol dm )

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

complex

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 F127 and gemini surfactant C12-4(OH)2-C12,2Br- (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.
2 Br-

H3C
N
H3C

Pluronic F-127 [EO97PO69EO97]

OH
C12H25 OH

CH3
N
CH3
C12H25

1-4 bis (dodecyl-N,N-dimethylammonium
bromide)-2,3-butanediol (C12-4(OH)2C12,2Br-)

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 C12-4(OH)2-C12,2Br- + 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 C124(OH)2-C12,2Br- + 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
=
cmcideal

1

  1

cmc1

cmc2

Various interfacial parameters such as maximum surface excess concentration (Γmax), minimum
area per molecule at the interface (Amin), effectiveness of the surface tension reduction measured by
the surface tension at the CMC (γCMC) have been evaluated using following eqs. respectively,
Гmax= −

1

[

𝑑ϒ

2.303𝑛𝑅𝑇 𝑑 log 𝐶

]T,P

where R is the gas constant (8.314 Jmol-1 K-1), T is the absolute temperature, C is the surfactant
concentration, and (dγ / d log C) is the slope of the γ versus log C plot taken at the CMC.

where N is Avogadro’s number

Amin = 1⁄𝑁Гmax

γCMC = γo – γCMC
where γo and γCMC refers to the surface tension of solvent and the surfactant solution at the CMC,
respectively.

Fig. 18 Plots of surface tension vs log C of C12-4(OH)2-C12,2Br- + F-127 binary system.
Interaction parameters (β) for mixed systems of C12-4(OH)2-C12,2Br- + F-127 have been
calculated by applying the Rosen model. Activity coefficient (fσ1 and fσ2) have been evaluated by
using the equation given below. All the interaction parameters are listed in Table 4. The negative
value of interaction parameter (βσ) indicates the deviation from ideality which indicates the degree of
interaction between two surfactants in mixed micelle.

X  ln  C
 2

1

mix



X C 


0
1


1

1  1 Cmix
 2
1  X ln 
1  X  C20 










where Cmix , C10 and C20 are the concentrations of the mixture, pure surfactant 1 and 2
respectively at a fixed  value, α1 is the stoichiometric mole fraction of surfactant 1 in solution.

 C

ln  1 mix  0 
X
C
1 
  
 2
1 X





Interaction parameter βσ indicates the degree of interaction between the two components as
well as the deviation from ideality.
f1 σ = exp [β σ . (1 – X σ)2]
f2 σ = exp (β σ.X σ)2
The excess free energy of mixing has calculated from using eq. given below. The negative
value of ∆Gex indicates more attractive interaction b etween molecules in mixed micelles.
∆Gex = RT [X1. lnf1 + (1-X1) . lnf2]

Table 4 Critical micelle concentration (Cexp,Cideal), maximum surface excess concentration (Γmax), minimum area per molecule at the
interface (Amin), the surface tension at the CMC (γCMC), micellar mole fraction (X1 and Xideal), interaction parameter (βσ), activity
coefficients (fσ1 and fσ2) and excess Gibbs free energy (∆GE) for binary mixture (C12-4(OH)2-C12,2Br- + F-127) system at 300 K.

αgemini Cexp
(mM)

Cideal
(mM)

Γmax
6
10 mol.m-2

Amin
1020 m2

πcmc
mNm-1

Xideal

X1σ

βσ

f1σ

f2σ

ΔGexp
kJ/mol

303

30

0.096

302

30

0.011

0.11

-2.78

0.111

0.967

-678.4

0.081

0.204

307

30.2

0.041

0.21

-2.70

0.185

0.888

-1114.9

0.176

0.386

316

32.7

0.048

0.39

-4.50

0.187

0.504

-2673.8

173

32

0.0

0.043

0.2

0.048

0.053

0.5

0.062

0.8

0.069

1.0

0.780

The fluorescence spectroscopic technique have been applied to study the interaction between CPZ
and DSP with mixed system of 12-4(OH)2-12 + F- 127. Figs 19 to 24 show that the addition of binary
surfactant system (C12-4(OH)2-C12,2Br- + F-127) quenched the fluorescence emission spectra of antidepressant 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)2-C12,2Br- + 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 [(I0 -I)] / I ]
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.

Fig. 19 Fluorescence spectra of CPZ at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.2)

Fig. 20 Fluorescence spectra of CPZ at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.5)

Fig. 21 Fluorescence spectra of CPZ at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.8)

Fig. 22 Fluorescence spectra of DSP at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.2)

Fig. 23 Fluorescence spectra of DSP at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.5)

Fig. 24 Fluorescence spectra of DSP at increasing concentration of binary system
C12-4(OH)2-C12,2Br- + F-127 (αgemini = 0.8)

Fig. 25 Stern-Volmer plots of fluorescence quenching of CPZ by C12-4(OH)2-C12,2Br- + F-127 systems

Fig. 26 Stern-Volmer plots of fluorescence quenching of DSP by C12-4(OH)2-C12,2Br- + F127 systems

Fig. 27 Plots of log [(I0 -I)] / I ] vs. log [Surfactant] for CPZ

Table 5 Stern–Volmer quenching constants (Ksv), binding constants (K), correlation coefficient (R) and
free energy change of binding (ΔGBinding) for antidepressant drug – mixed surfactant systems at 300 K
using fluorescence technique

αgemini

Chlorpromazine hydrochloride

Desipramine hydrochloride

(CPZ)

(DSP)

4

4

R

Ksv × 10

K × 10

4

K × 10

-1

-1

-1

∆GBinding

(kJmol ) (mol dm-1)

( mol dm ) (mol dm )

4

R

Ksv × 10

∆GBinding
-1

-1

(kJ mol )

(mol dm )

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

( c) 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.
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Scheme 4. Phenothiazine
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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 (C12-4-C12, 2Br-), 1,4 bis(dodecyl-N,N-dimethylammonium bromide)-2butanol (C12-4(OH)-C12,2Br-), 1,4 bis(dodecyl-N,N-dimethylammonium bromide)-2,3-butanediol (C124(OH)2-C12,2Br-) (Scheme 5) were evaluated and compared. The absorbance of the solubilizate of
specified concentration was determined by measuring the molar extinction coefficient (ε) 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 - SCMC) ⁄ (Cs - CMC)
where, S = Apparent solubility of organic compound at surfactant concentration C s (Cs > CMC) and
SCMC = 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, Km, of the compound between micelles and the aqueous phase. The value of Km is a function
of temperature and the nature of surfactant and solubilizate. The partition coefficient can be written as
Km = Xm / Xa
where Xm and Xa are the mole fractions of solute in micelles and the aqueous phase, respectively. The
value of Xm can be calculated as Xm = MSR/(1+ MSR), and Xa can be expressed as Xa = SCMCVw, where
Vw = 0.01805 L/mol is the molar volume of water. Consequently, eq can be rearranged to yield
Km = MSR /SCMC Vw (1+MSR)

The MSR and Km 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 C12 series is found to be: C12-4-C12, 2Br< C12-4(OH)-C12, 2Br- < C12-4(OH)2-C12, 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 hydrocarbonwater contact. So the C12-4(OH)2-C12, 2Br- having two hydroxyl group on spacer reflects greater
solubilization as compared to others.

Fig 28 Absorption spectra of Phenothiazine at Fig. 29 Variation of solubility of Phenothiazine
different concentration of 12-4(OH)2-12

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, ΔG°s, can be represented by the expression
ΔG°s = -RT lnKm
The ΔG°s values thus calculated are presented in Table 6. For all the systems, the ΔG°s values appear
to be negative showing spontaneity of the solubilization process.

Table 6 Molar solubilization ratio (MSR), lnKm and the Gibb’s free energy of solubilization (ΔG°s) of
Phenothiazine in cationic gemini surfactant systems at 300 K.

Surfactant

CMC
(mM)

Phenothiazine
lnKm
ΔG°s
kJ/mol-1

MSR

C12-4-C12,2Br-

1.17

0.164

11.4

-28.4

C12-4(OH)-C12,2Br-

0.94

0.235

11.6

-28.8

C12-(OH)2-C12,2Br-

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 (Rh), polydispersity index (PDI) and zeta potential values of pure and
mixed systems of antidepressant drugs CPZ and DSP with (C12-4(OH)2-C12,2Br- + 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, D0, using the Stokes−
Einstein equation,

where, kB is the Boltzmann constant, T is the absolute temperature, and η 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- (C12-4(OH)2-C12,2Br- + 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.

Fig. 30 Size distribution graph of DLS spectra of pluronic F-127

Fig. 31 Size distribution graph of DLS spectra of C12-4(OH)2-C12,2Br-

Fig. 32 Size distribution graph of DLS spectra of chlorpromazine hydrochloride (CPZ)

Fig 33 Size distribution graph of DLS spectra of desipramine hydrochloride (DSP)

Fig 34 Size distribution graph of DLS spectra of F-127 + CPZ

Fig 35 Size distribution graph of DLS spectra of F-127 + DSP

Table 7 Hydrodynamic radii values (Rh), polydispersity index (PDI) and zeta potential values of pure
and mixed systems of antidepressant drugs + (C12-4(OH)2-C12,2Br- + F-127) at 300 K

Systems

CPZ
Rh (nm)

PDI

DSP
Zeta Potential Rh (nm)

PDI

(mV)

Zeta Potential
(mV)

0.0

30.4 (42)a

0.36

−16.26 ±1.89

30.4 (42)a

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

0.33

−11.47 ± 6.18

45.4

1.00

−13.58 ± 4.36

1.0

239.4

0.60

−17.54 ± 1.41

239.4

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 (Γmax), minimum area per surfactant molecule at the air/water interface
(Amin)surface pressure at the CMC (πCMC) 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, Ka), Stern
– Volmer constant (Ksv), binding sites (n) and free energy changes for binding (∆GBinding).
The value of binding constant (K, Ka) 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 (C12-4(OH)2-C12,2Br- + 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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