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ABSTRACT
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Conductance and Viscosity studies of anionic surfactant SDS (Sodium
dodecyl! sulfate) and cationic surfactant CTAB (Cetyltrimethylammonium
bromide) have been carried out in agueous solutions of Trammadol Hy-
drochloride (0.001 and 0.01M) in the temperature range 20 — 40°C. From
conductance measurements, the critical miceller concentration (CMC’s)
of SDS and CTAB has been determined in the above said aqueous
Trammadol Hydrochloride solutions. From CMC data, various thermo-
dynamic parameters viz. standard enthalpy change for micellization
(AH° ), standard entropy change for micellization (AS°,) and standard
free energy change for micellization (AG° ) have been evaluated. The
work has also been extended to include the viscosity studies of SDS and
CTAB in aqueous solutions of drug in order to calculate relative viscos-
ity (n,). All these parameters have been discussed in terms of drug —
drug, drug — solvent and drug — surfactant interactions as a consequence
of various electrostatic and hydrophobic interactions.

Thermodynamic parameters;
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INTRODUCTION

Drug molecules™ are chemical entities charac-
terized by the presence of different groups such as
polar (hydrophilic) and non-polar (hydrophobic)
groups which are responsible for their therapeutic
value. The drug action thus can be considered as
being governed by the nature of interactionsthat drug
mol ecul esundergo in sol ution depending on thefunc-
tional groups. A systematic knowledge of solution
behaviour?® of drug thus can be of great signifi-
canceto understand their physiological action. Sur-
factants are amphiphilic molecules consisting of

polar (hydrophilic) and non-polar (hydrophobic)
parts. These molecules are found to be of commer-
cial importance as their amphiphilic structureisre-
sponsible for concentrating at interfaces or under-
going aggregation i.e. micellization. This
micellization or association phenomenaoccursasa
result of delicate balance between various repul-
sive and attractive forces of species present in the
solution. Someinsightsinto these complicated pro-
cesses may be obtained from studies such as
micellization behaviour of surfactants in the pres-
ence of drug. Incidently there exist only afew stud-
iesl® as demonstrating the effect of drug on
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micellization of surfectant.

It istherefore, proposed to investigate the effect
of Trammadol Hydrochloride, a narcotic-analgesic
drug on micellization of an anionic surfactant So-
dium dodecy! sulfate (SDS) and cationic surfactant
Cetyltrimethylammonium bromide (CTAB) in ague-
ous solutions of furosemide covering awide range
of experimental condition i.e. temperature (20 —
40°C) at two different aqueous solutions of
Trammadol Hydrochloridei.e., 0.001M and 0.01M.
Asour main tool, we have used conductometric stud-
ies. Precise viscosity measurements were also car-
ried out to support the information obtained from
the conductometric studiesin probing the structural
changes in different types of solution systemg?®l,
However, it isimportant to mention that this part of
the study was carried out only at five different tem-
peratures in the above listed agqueous solutions of
Trammadol Hydrochloride (TM). Tramadol hydro-
chloride” is a centrally-acting synthetic opioid an-
algesic medicine which isused in relieving moder-
ate to severe pain. It works by affecting chemicals
in the brain and nervous system which areinvolved
in the sensation of pain. Therefore by optimizing its
concentration there is scope of improvement of its
pharmacokinetics.

EXPERIMENTAL

Ordinary tap water of conductivity range3-5X
108Scmrt at 25°C wasdistilled with the help double
distillation unit. The water so obtained has conduc-
tancevalue~1-4 X 107 Scm? at 25°C and pH inthe
range6.5- 7.0. Water of these specificationswas used
for al experiments.

Sodium dodecyl sulfate(SDS) (Biochemicd grade
from BDH) were used asreceived. Cetyltrimethyla-
mmoniumbromide (CTAB) (AR grade and purity >
99%) was also obtained from s.d. Fine- Chem..Ltd.
Drug used is Trammadol hydrochloride (+/-) cis-2-
((Dimethylamino) methyl)-1-(3-methoxyphenyl)

oH
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cyclohexanol hydrochloride. Itissupplied by CiplaLtd
in capsulesdosageform and isused assuch. Thedrug
hasthefollowing structure:

Conductance measurement were carried out with
a calibrated digital conductivity meter (CON 150,
Merck). Thesewere carried out in aHarco supplied
water thermogtat having temperature maintaining accu-
racy of +0.05°C. Specific conductance (k) of TM so-
lution at concentration (0.001M and 0.01M) in case of
SDS and 0.001M in case of CTAB have been mea-
sured at fivedifferent temperaturesi.e. 20,25,30,35and
40°C with thehel p of conductivity meter.

Viscosity measurementswere carried out with a
jacketed Ostwald viscometer supplied by Harco lim-
ited. The precision achieved in viscosity measure-
ment was+ 0.01%. The viscosities of SDS (0.001M
and 0.01M) and CTAB (0.001M) have been mea
sured in agueous Tramadol hydrochloride solutions
at different temperaturesi.e. 20-40°C.

DISCUSSION

Conductancestudies

Micdllization behaviour of SDSand CTAB hasbeen
traced to interpret drug-surfactant interactions. The
dependence of k on concentration of surfactants (SDS
and CTAB) inagueous solution of (TM) hasbeen pre-
sented in Figure 1-3. It isclear from these graphsthat,
kincreasesamodt linearly with[SDS] and [CTAB] with
definite break points. k isalso measured at higher con-
centration of drugi.e. 0.01 M in SDS, whereno break
pointsare observed Figure 3.

Thebreak pointswere quite significant asobserved
inFigure 1,2, thereforecritical micdlar concentrations
(CMC) wereevauated for SDSaswell asfor CTAB.
The CMC valuesin caseof SDS, anegatively charged
surfactant, arefoundin therange (5- 6 mM), whichare
much lower thanthe CM C of aqueous SDS solution (8
mM). However, acontrasting behaviour hasbeen ob-
tanedincaseof CTAB, apositively charged surfactant
(with CMC=0.9 mM in water) for which the CMC
vauesaredrasticaly increased inthe presenceof TM
(6.0- 7.0mM). It hasbeen found in literature™® that
maximum solubility of TM solutionisobservedinague-
ous-micellar solutions of cationic surfactants, because
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Figure 1 : Specific conductance as a function of [SDS] in
0.001M aqueous solution of furosemide at different tem-
peratures
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Figure 2 : Specific conductance as a function of [CTAB]
in 0.001M aqueous solution of furosemide at different
temperatures

of formation and solubilization of ion-pairsbetween TM
and surfactant cations. Further, thesolubilisation of this
drug ishighly specific to type of surfactant molecules
which further affect the solubilization of drug and thus
delaying micdlization asshown by much higher CMC
values of CTAB in the presence of drug. However,
micellization of SDSin the presenceof TM solution
seems to be facilitated as it has least tendency for
solubilisation of the drug and thus the process of
micellizationisachieved a alower concentration®. varun

Thermodynamics of micellization of SDS and
CTAB in aqueoussolutionsof Trammadol Hydro-
chloride

In order to derivefurther information about drug-
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Figure 3 : Specific conductance as a function of [SDS] in
0.01M aqueous solution of Tramadol Hydrochloride at

different temperatures

surfactant interactionsfrom these experimental data,
variousthermodynamic parametersof micdlizationhave
been cal culated and examined. The standard freeen-
ergy changefor micdllizationisgiven by® varun.
AG® =RTIn(X ,.) )
where X, . was calculated as: X, = CMC mol
dm of surfactant / (CM C of Surfactant + concentra-
tion of drug + 55.6). Risgas constant and T istem-
peraturein Kelvin.

The standard enthal py changefor micellization,
AH°_isobtained through aclassical van’t Hoff type
relation given by,

AH° =-RT?[dInX_,,./dT] @)
wheredInX ./ dT istheslope of straight line ob-
tainedby plottingInX . aganst T

Thestandard entropy changefor micellization, AS’
for SDSand CTAB was determined from egn.®1.
AG® =AH° -TAS ©)

Thenegativevaluesof AH® and AG®, and positive
vauesof AS vauesareindicativeof drug—surfactant
interactions. Figure4-5 however, represent the depen-
dence of these thermodynamic parametersasafunc-
tion of temperaturein Kelvin. Thedecreaseintheval-
ues of these parameterswith increasein temperature
reflect the decrease of hydrophilic hydration of surfac-
tant head group aswell asthe hydrophilic part of drug,
whichfurther facilitatestheinteraction of charged part
of surfactantsand drug electrogtatically to each other in
case of CTAB and for SDS they interact
hydrophobicaly and favour micdlizationasanionic sur-
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Figure 4 : Variation of thermodynamic parameters a)

AH® (kJ mol?), b) AG° (kJ mol*?), ¢) AS’ (JK* mol™) of

SDS as a function of temperaturein 0.001M aqueous so-

lution of Tramadol Hydrochloride

factantsare known for stronger hydrophobicinterac-
tions as compared to cationic surfactant.'223,
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Figure 5 : Variation of thermodynamic parameters a)

AH° (kJ mol?), b) AG° (kJ mal*), ¢) AS’  (JK* mol™) of

CTAB as a function of temperature in 0.001M aqueous

solution of Tramadol Hydrochloride

Viscosity studies
The present study wasfurther extended to include
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oussolution of Tramadol Hydrochlorideat different tem-
peratures

theviscosity measurementsof SDSand CTAB inague-
ous sol utions of furosemide. The concentration depen-

TABLE 1: CMC x10°valuesfor SDSand CTAB in 0.001M
aqueous solution of TM

CMC X 10°
T (K) SDS CTAB
293 5 6.4
298 6.5
303 6.6
308 6.3 6.8
313 6.4 7.0

denceof viscogity, n of SDSand CTAB hashbeen pre-
sented in Figure 6-8.

Itisclear from thesefiguresthat n changesamost
linearly with[SDS] whereasanon-linear part is ob-
served in case of CTAB upto 6mM. These observa-
tionsare a so supported by conductivity studies. Also
therelativeviscosityi.e.n =n/mn , givesanideaabout
the structural changesin the solvent system showing
amost smilar behaviour asin caseof 1.
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