Colloids and Surfaces A: Physicochem. Eng. Aspects 451 (2014) 107-116

Contents lists available at ScienceDirect

Colloids and Surfaces A: Physicochemical and
Engineering Aspects

journal homepage: www.elsevier.com/locate/colsurfa

Interfacial and micellar properties of mixed systems of tricyclic
antidepressant drugs with polyoxyethylene alkyl ether surfactants

@ CrossMark

Renu Sharma, Durgesh Nandni, Rakesh Kumar Mahajan*

Department of Chemistry, UGC-Centre for Advanced Studies, Guru Nanak Dev University, Amritsar 143005, India

HIGHLIGHTS

GRAPHICAL ABSTRACT

Micellar and interfacial studies of
amphiphilic drugs with nonionic sur- < .
factants. L b
Drug-surfactant  mixtures show ~ag

improved surface active properties.
Synergism is observed in all mixed

Tricyclic Antidepressants

Where R=H for NOT and CH3 for AMT @

Nonionic polyoxyethylene alkyl ether
surfactants, C)gE,,n =8, 10

systems. E
Hydrophobicity plays an important
role in micellization. =

ARTICLE INFO ABSTRACT

Article history:

Received 27 January 2014

Received in revised form 12 March 2014
Accepted 17 March 2014

Available online 25 March 2014

Keywords:

Nonionic polyoxyethylene alkyl ether
surfactants

Tricyclic antidepressants

Surface tension

Fluorescence

Cloud point

Synergism

The aqueous mixed systems of tricyclic antidepressants: nortriptyline hydrochloride (NOT) and
amitriptyline hydrochloride (AMT) with nonionic polyoxyethylene alkyl ether surfactants: C;0Eg/C10E10
have been studied to determine the micellar and interfacial behavior and various experimental techniques
like surface tension, fluorescence and cloud point have been employed. The micellar, interfacial and ther-
modynamic parameters like critical micelle concentration (cmc), interaction parameter (), maximum
surface excess concentration (I max), surface pressure at cmc (I1¢mc) and minimum area per molecule
(Amin), aggregation number (N,gg ), Gibb’s free energy of micellization (AGy,), Gibb’s free energy of adsorp-
tion (AG,qs), excess free energy of micellization (AGex) have been evaluated. The negative values of
interaction parameter obtained from regular solution theory suggest the synergistic interactions in all the
proposed mixed systems. The negative values of AG,;, and AG.4s show that micelle formation and adsorp-
tion at the air/water interface is energetically favorable. The higher values of aggregation number show
the existence of hydrophobic interactions and supports synergism. The cloud point measurements have
also depicted enhancement of hydrophobicity in the mixed micelles with an increase in concentration
of nonionic surfactants.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

(TCA’s) have been keystones of antidepressive therapy for over
three decades. The selected TCA’s namely nortriptyline hydrochlo-

The amphiphilic drugs such as phenothiazine and benzodi-
azepine tranquillizers, analgesics, non-steroidal anti-inflammatory
and tricyclic antidepressants have strong tendency to self-associate
like surfactants [ 1-4]. Among these drugs, tricyclic antidepressants
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ride (NOT) and amitriptyline hydrochloride (AMT) are the most
widely used tricyclic antidepressants in the mental health care.
These drugs constitute planar tricyclic ring system with a short
hydrocarbon chain carrying a terminal charged nitrogen atom. A
“surfactant-like” behavior exhibited by these drugs is conferred
by the presence of the alkyl amine side chain [5-7]. An important
relation between two drugs NOT and AMT is that NOT is the active
metabolite of AMT which is methylated in the liver and both
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possess similar shortcomings such as seizures, tinnitus, cardiovas-
cular, hypersensitivity, hypotension and mania side effects [8,9].
These undesirable side effects may be minimized if the drugs are
properly targeted to the organ. Limited aqueous solubility of drug
molecules poses a serious obstacle in designing their formulation,
dosage form and the liberation of active components there-
fore; various vehicles such as cyclodextrins, mixed micelles and
vesicles/liposomes have been employed as drug vectors [10-15].

Micellar solubilization by employing surfactants as drug vector
is the most effective method since it reduces the contact of drug
with inactivating species like enzymes and thus, reduces the side
effects of drugs. Interactions of drugs with surfactant micelles have
been visualized as an approximation for their interactions with bio-
logical membranes so to rationalize materials for pharmaceutical
development and thus, understanding of physicochemical aspect of
drug-surfactant interactions is mandatory [ 16-18]. Among various
surfactants, nonionic surfactants are chemically potent molecu-
lar species that are becoming increasingly important as excipients
used in the pharmaceutical formulations, delivery of drugs and
vaccines [19-21]. These are biodegradable, less toxic, stable and
mild in nature. These surfactants form micelles in dilute solution
and by using proper combination of oxyethylene and alkyl chain
parts, their aqueous solubility and hydrophobic-lipophilic balance
(HLB) value can be optimized. The interfacial tension produced
by polyoxyethylated nonionic surfactants when they form aggre-
gates is usually higher as compared to ionic surfactants, making
the nonionic surfactants less destructive on cell membranes and
thus, less irritating. They play essential role in wetting, emulsifi-
cation, cancer research, formulations of paint and personal care
products [22-25]. The polyoxyethylene alkyl ether surfactants used
in the present study are free of counterion effects which have strong
impact on self assembly in water and non aqueous solvents. These
possess better solubilization properties and high surface activity.
The aggregation of nonionic surfactants occurs due to three driving
forces: hydrogen bonding, hydration and hydrophobicinteractions.
Among these, hydrophobic interactions provide large contribution.
Recently, Kabir-ud-din et al. have studied the interactions between
amphiphilic drugs imipramine hydrochloride (IMP) and promet-
hazine hydrochloride (PMT) with nonionic polyoxyethylenes (Brij
35,56,58) using surface tension technique [33]. Our research group
has investigated the interactions between amitriptyline hydrochlo-
ride (AMT) and a new series of cationic surface active ionic liquids
based on DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene) by employing
conductivity and surface tension techniques [2].

Keeping in mind the importance of drug-surfactant mixed sys-
tems, the present work is focused on the on the micellar and
interfacial interactional behavior of tricyclic antidepressants (TCA):
nortriptyline hydrochloride (NOT) and amitriptyline hydrochlo-
ride (AMT) drugs with nonionic polyoxyethylene alkyl ether
surfactants: octaoxyethylene glycol monodecyl ether (CigEg) and
decaoxyethylene glycol monodecyl ether (CqgEqg) using surface
tension, fluorescence and cloud point techniques. Surface tension
measurements provide information about the interfacial properties
of the mixed systems and interactions between them, while fluo-
rescence measurements throw light on the variation of aggregation
number of mixed systems. The various micellar and interfacial
parameters like experimental cmc, interaction parameter (), activ-
ity coefficients (f;, f»), micellar mole fraction of drug in the
mixed state (X;), maximum surface excess concentration at the
air/water interface (I max), minimum area per molecule (Amin)
surface pressure at cmc (7eme) are evaluated using surface ten-
sion technique. Various thermodynamic parameters like Gibb’s free
energy of micellization (AGy,), Gibb’s free energy of adsorption
(AG,qs), excess free energy of mixed micellization (AGex) have
been calculated. Aggregation numbers (N,gg ) of the pure and mixed
systems are calculated using fluorescence quenching technique.

(a) Nortriptyline Hydrochloride (NOT) (b) Amitriptyline hydrochloride (AMT)
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(c) Nonionic polyoxyethylene alkyl ether surfactants, CioEn, n =8, 10

Fig.1. Chemical structures of tricyclic antidepressants: (a) Nortriptyline hydrochlo-
ride (NOT), (b) amitriptyline hydrochloride (AMT), and (c) nonionic polyoxyethylene
alkyl ether surfactants, C1oE,, n=8, 10.

It is well known that in considering a nonionic surfactant sys-
tem as a drug delivery vehicle, temperature variation can affect
the drug-surfactant stability and can lead to precipitation of drug
which may affect its therapeutic action. Therefore, to evaluate the
stability of proposed drug-surfactant mixtures, phase behavior of
drug-surfactant mixed system has also been studied along with a
detailed evaluation of various micellar and interfacial parameters.

2. Experimental
2.1. Materials

Amphiphilic drugs: nortriptyline hydrochloride (NOT) and
amitriptyline hydrochloride (AMT) with purity >98.0% were pur-
chased from Sigma-Aldrich. Nonionic polyoxyethylene alkyl ether
surfactants (CqigEg, Ci9E19) of varying ethoxylate content with
99.0% purity were received from BASF as gift samples. Fig. 1
shows the structure of tricyclic antidepressants and nonionic poly-
oxyethylene alkyl ether surfactants. The fluorescence probe pyrene
employed to perform fluorescence studies was obtained from
Sigma-Aldrich. Hexadecylpyridinum chloride (HpyCl), a quencher
with 98.0% purity was purchased from Lancaster Synthesis, UK. All
products were used as received. All the solutions were prepared in
double distilled water. A sartorius analytical balance with a preci-
sion of £0.0001 g was used for weighing purpose.

2.2. Methods

2.2.1. Surface tension measurements

Surface tension measurements were performed using ring
detachment method on KRUSS Easy Dyne tensiometer (Hamburg,
Germany) at room temperature. Tensiometer was calibrated with
double distilled water before commencement of each experiment.
The measured surface tension values were corrected according to
the procedure of Harkins and Jordan inbuilt instrument software.
The pKa values of the drugs lie between 9.1 and 9.4 and pH of solu-
tion is approximately 7. For the determination of critical micelle
concentration, surfactant solution of concentration higher than its
cmc value was added in small instalments and surface tension was
noted after thorough mixing. The accuracy in the measurement of
surface tension using a tensiometer was +0.15mNm~!.
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