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ABSTRACT

Paroxetine HCl isan amphiphilic serotonin specific reuptakeinhibitor an-
tidepressant drug. The association characteristics, thermodynamic be-
havior and sonochemical behavior of this drug in ethanol have been de-
termined from density and ultrasound vel ocity dataat 298.15 K and 308.15
K using an Anton Paar density sound analyzer (DSA 5000). The critical
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micelle concentrations of this drug were obtained from ultrasound veloc-
ity measurement by using recently developed least square fitting algo-
rithm. The compressibility data have been used to discuss solvent-aggre-

gate interaction.

INTRODUCTION

The sl ective serotoninreuptakeinhibitors (SSRIs)
have becomeimportant toolsinbasicand clinica brain
research. They werethefirst drugsto establish beyond
doubt apathophysiologicd rolefor serotonin (5-HT) in
affectiveillnessesandinthe broad spectrum of anxiety
disorderg. Many drugsof pharmacol ogica importance
show colloidal behavior anditisposs blethat they may
form aggregatesin the body decreasing the transport
rate of thedrug consequently deteriorating the heal thi2.
A large number of antidepressant drugs act as
amphiphilesand formscolloidsin solutions. Although
theactivitiesof thesedrugsareevident at very low con-
centration yet they may form aggregates. Thusthe study
of salf aggregation of these antidepressant drugsisim-
portant fromthephysical, chemicd, biologicad and phar-
macologica point of view for their implicationsbecause
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thesedrugsexert their activity by interaction with the
biologica membranes?.

Themicdlesarethemost prevaent aggregate truc-
turein surfactant sol utionsand form over anarrow range
of concentration know ascritical micelleconcentration
whichisused to study thesd f-aggregetion of amphiphilic
molecules. Thecritical micelleconcentration canbede-
tected by discontinuity of the concentration dependence
of thephysiochemical propertiesof thesolution. A bet-
ter understanding of the volumetric behavior of these
antidepressant drugs requiresinformation on avariety
of thermodynamic properties*9,

In the present work, wereport the volumetric be-
havior of asdlective serotonin reuptakeinhibitor anti-
depressant drug, ParoxetineHCI in order to obtaina
comprehensive description of their aggregation pro-
cessin ethanol to analyze how the temperature and
solvent affect the thermodynamics of the aggregation.
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For this purpose, the apparent molar volumes and
expansibilities of Paroxetine HCI were obtained by
using density and sound velocity dataat 298.15 K
and 308.15K. In addition thecritical micelleconcen-
tration for the aggregation of thisdrug in ethanol has
been cd culated by using Philipsdefinitiont® of thecriti-
ca micelleconcentration.

RESULTSAND DISCUSSION

Theapparentmolar volume, V, of thedrugin ethar
nol wasca cul ated by meansof thefollowing equation!”.
V, =(1000/ mdd,) (d,-d) + (M /d) )
where M, representsthe molar massof theantidepres-
sant drug, mismolality, and d and d, are densities of
solution and pure solvent, respectively.

Apparent molar volumedatafor these compounds
inwater was checked for thestructural transformation
of the primary aggregeates, dimerization and association
at concentration bel ow the critical micelle concentra-
tion etc by many researcherg®4. Apparent molar vol-
ume(V,) datawasfoundtovary linearly and wasfitted
to the recently developed algorithm™2 based on
Levenberg-Marquardt least squarefitting a gorithm:
V,=Vo+S m @)
Vauesof, V¢ i.e theapparent molar volumeat infinite
dilution weretaken asthe partial molar volume (V°),
S, isthelimiting slopewhichisconsidered to bethe
volumetric pair wiseinteractions coefficient!*>8 and ‘m’
ismoldity.
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Figurel: Theapparent molar volumes,V , of Par oxetineHCI
in ethanol at T =(298.15 and 308.15K)
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The apparent molar volumes of ParoxetineHCl in
ethanol at 298.15 K and 308.15 K have been shown
inFigure 1. Theincreasein theva uesof the apparent
molar volume show hydrophilicinteractionswiththe
increase of temperature and concentration.

Itisvery difficult tofind thecritica micelleconcen-
tration exactly, however if agraphisplotted for any
physical property against the concentration, then the
inflection point onthe Gaussian fit of the second de-
rivative of theultrasound vel ocity againgt concentration
correspondsto thecritical micelleconcentrationin ac-
cordancewith Philip’s definition(®.
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Cheemaet a used Runge-K uttanumerica integra:
tion and Levenberg-Marquardt | east squarefitting a -
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Thederivativeistaken by averaging the d opes of
thetwo adjacent data points by following equation:
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Figure?2: Ultrasound velocity u ver susconcentration mfor
Paroxetine HCI in water at (m) 298.15 K. Thedotted line
indicatesthe Gaussian fit of thesecond derivativeof theultra-
sound velocity againg molality. Thearrow indicatesthecriti-
cal micelleconcentration.

Whereuisthesound velocity and misthemoldity. The
above equation givesthe 1% order derivative data of
sound vel ocitieswith respect to mol dity. Theequation
(4) was used to get second derivativei.ed?u/dm?
Thedataobtained wasfitted usng Gaussanfitin-
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tegrated with Levenberg-Maguardt nonlinear fittingto
get fit of thecurve.

(x=xc)?
2

A
=Y, +t—F—€ ¥
Y=Yo winl2 (5)

Wherey isthe dependent variable and isthe offset
value which can be set to 0. x and x _ are the inde-
pendent variables. X, representsthemean valuewhich
isgiven by the center of the bell shaped Gaussian
curveasshowninthe Figure 2. x correspondsto the
molality and x _correspondstothecritical micellecon-
centration.
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TABLE 1: Molality, density and apparent molar volume, V¢,
data of ParoxetineHCI at 298.15K and 38.15K

Molality Density Vo Density Vo
298.15K 308.15K
0.0152  0.791079 230.51 0.781700 215.56
0.0175  0.791326 238.03 0.781968 223.29
0.02 0.791587 24516 0.782259  229.98
0.025 0.792089 256.36  0.782779  241.92
0.03 0.792557 26538 0.783308 251.46
0.035 0.792985 273.61 0.783765 260.57
0.04 0.793388 280.95 0.784210 268.19

TABLE 2: Partial molar volume, V°, limitingslope, S, and
critical micelle concentration, cmc, of Paroxetine HCI at
298.15K and 308.15K

TemperatureK  V°cm®mol™  Sv cmcmol kg™
298.15 221.05+2.55 8.66 0.175
308.15 205.27+2.37 9.07 0.014

EXPERIMENTAL

Theantidepressant drug, ParoxetineHCl (354R)-
3-[(1,3-Benzodioxol-5-yloxy)methyl]-4-(4-
fluorophenyl)pi peridine hydrochl oride was obtained
Sigma98% pure and was used asreceived. The abso-
Iuteethanol (Merck) wasof purity 98%. Solutionswere
made by weight using Wiggen Hauser analytical bal-
ancewith precison of +£0.001mg. Measurementswere
carried out usingacommercia density and ultrasound
velocity measurement apparatus (Anton Paar DSA
5000 density sound andyzer). The dens meter wascali-
brated with triply-distilled de onized and degassed wa
terandwithair.

CONCLUSION

We have used density and sound vel ocity datato
ca culate the gpparent molar volume and partia molar
volume of Paroxetine HCI in ethanol at 298.15 and
308.15K. Thevalues of apparent molar volumein-
crease with the concentration dueto the structural re-
arrangement of the aggregatesthat have already been
formed. Thepositivevauesof partial molar volumes
indi cate strong sol ute sol vent i nteractionswhich have
implicationsin thetransport rate of thisdruginthe
livingorganism.
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