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ABSTRACT

Thisstudy isan investigation of the physicochemical interaction of Losartan
potassium (LST K), an angiotensin-11 receptor (type AT,) antagonist, with
micelles of triton X, a nonionic surfactant. The effect of micelles on the
spectral properties of LSTK was monitored on at pH 7.4 and at room
temperature. The spectrum of LST K showed gradual and progressive
bathochromic and hypochromic shift in presence of increasing
concentrations of triton X 100. The binding constant K, of LST K to triton
X 100 micelleswas calculated using the differential absorbance at 1 = 225
nmé& was found to be 4.13 + 0.35 x10° mol* L. By using pseudo-phase
model, the partition coefficient between the bulk water and Triton X 100
micelles, Kx, was cal culated from both differential absorbance A A, ., Kx=
2.2640.12 x10°mol*L.

Thebinding of LST K to Triton X 100 micellesimplied ashift indrug acidity
constant (ApK_=0.8)  © 2013 Trade Sciencelnc. - INDIA

KEYWORDS

Losartan potassium;
Triton X 100;
Micelles;
Partition coefficient and
binding.

INTRODUCTION

LST K, 2-Butyl-4-chloro-1 [[2- (1H-tetrazol-5-
yD[1, 1 _-biphenyl]-4-yllmethyl]-1Himidazole- 5-
methanol, isanon-peptideangiotensin-11 receptor (type
AT1) antagonist!¥, It isan excellent antihypertensive
drug, whichisusedin congestiveheart failurd?. Itisthe
prototype of anew class of antihypertensive agents,
the angiotensin receptor antagonistsand was approved
in 1995 by the U.S. Food and Drug Administration.
Losartan has the potential to offer the advantage of
increased sdl ectivity, specificity and consistent blockade
of circulating and tissue renin- angiotensin at AT1
receptor level without some of the shortcomings
associated with the use of ACE inhibitorg®4. Severa

methods have been described for the determination of
LST K drug substance in tablets including high
performance thin layer chromatography®®, radio
receptor assay'®, normal and reverse phase HPLC™
101 capillary electrophoresis (CE)*Y and
spectrophotometric methodg'2 13

Micelles are aggregates formed by amphiphilic
compounds (hydrophobic chain/hydrophilic head

Losartan |

Figurel: L osartan Potassium
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group) abovethar criticad micdleconcentration (CMC).
Thespecific structure (hydrophilic surface’hydrophobic
core) makes the micelles able to establish chemical
interactions with either hydrophilic or lipophilic
moleculesi*¥. Micelles, dynamic aggregates of
microscopic order, areknown for their significancein
biological, synthetic and energy-transfer systems
wherein the sol ubilized species can under appropriate
conditions serveeither asan el ectron acceptor or asan
electrondonor. Thereareavariety of interactions, which
may be operative between solubilized substrates and
host micelles™.

Drug interactions with heterogeneous media
(micdles, lipid bilayer vesicles, biomembranes) induce
changes in some physicochemical properties of the
drugs (solubility, spectroscopic and acid-base
properties)(16, 17)- By monitoring these changesitis
poss bleto quantify thedegreeof drug/micdleinteraction
whichisnormally expressed asdrug/micellebinding
constant, K, and micelle/water partition coefficient, K .
Theducidation of these constantsisimportant for the
understanding of interactions with biomembranes,
quantitative structure-activity relationship of drugs!*d,
micellar HPLC or micellar electrokinetic capillary
chromatography (MEK C)129:20,

Inthiswork, theeffect of nonionicmicellesof triton
X 100 on the spectroscopic and acid-base properties
of LST K is described. The absorption
spectrophotometry were used to quantify the LST K/
Triton X 100 binding constant and Triton X 100/water
partition coefficient, by applying the mathematical
model sthat consider partitioning of the drug between
the micellar and agueous pseudo-phases.

EXPERIMENTAL

| nstruments

Absorption spectrawererecorded on Doublebeam
Schimadzu (Japan) 1601 PC UV-VIS
spectrophotometer connected to acompuiter fitted with
UV PC personal spectroscopy software version 3.7,
using matched quartz cuvettesin athermostated cell
holder. Measurements took place at 25 °C (+ 0.2).
ThepH adjustmentswere carried out usi ng Jenway pH-
meter 3310 pH/ mV/°C.
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Materials
Reference samples

L osartan potassium waskindly provided by Alkan
Pharma, Egypt. Purity wasreported to be 100.0+ 0.2
%.

Reagents

All chemicasused wereof analyticd grade. Triton
X 100waspurchased from Sigma, Germany. Disodium
hydrogen phosphate and citric acid (anhydrous) were
obtainedfrom BDH Prolabo UK. Double-ditilled weater
was used. All reagentswere handled under fumehood.

Sandard solutions

Stock solution of 4.34 x 10*M LST K was
prepared by dissolving thedrug in citrate-phosphate
buffer pH 7.4. Stock solution of 0.002 M Triton X 100
was prepared by dissolving an appropriate amount of
thesurfactantinthesamebuffer. Thefina concentrations
were prepared by diluting appropriate aliquotsfrom
stock solutions using citrate-phosphate buffer pH 7.4.

Losartan - Triton X 100interactions

Drug/micelle binding constant and micelle/water
partition coefficient were determined by measuring
absorption of fixed concentration of thedrug (4.34 x
10°M) LST K andincreasing concentrationsof Triton
X100 (1 x 10°-2.5 x 10*) against same concentration
of Triton X 100 asblank at 225 nm.

The effect of Triton X 100 on pK_of LST K was
studied using 4.34 x 10°M LST K in 0.01M Triton X
100. Thespectrum of theacid solutionwasfirgt obtained
at apH 1.8, whereLST ispresent wholly asamolecular
species. Thisspectrumwasthen compared with that of
the purely ionized speciessmilarly isolated at pH 7.4.
Thewaveength, wherethegreatest changein absorbance
was observed, was chosen. At thiswavelength and at
variousintermediatepH va ues, the absorbanceva uesof
the acid solutions were recorded. All absorbance
measurements were corrected with the help of blank
solutions containing thesame concentration of surfactant
inthebuffer of required pH and weredonea 25+0.1 °C.

RESULTSAND DISCUSSION

UV spectrum of losartan K
The UV spectrumin aqueous unbuffered solution
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of LST K shows amaximum closeto 200 nm and a
shoulder extending from 240 to 260 nm. At pH 7.4,
peak absorbancewas observed at 228 nm. In presence
of Triton X 100, the absorption maximum at 228 nm
suffered adight shift to longer wavelength (red shift to
235 nm), accompanied by ahypochromic shift. The
decreasein absorbance was monitored for 43.38 uM
LST (20 pug ml?) in four series (n=4) containing
increasing concentrationsof Triton X 100 (1 x 10°-
2.5x 10 asshownin Figure 2
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Figure 2 : The absorbance spectrum of 43.38 pM LST (20 pg
ml1) in absence and in presence of increasing concentrations
of Triton X 100 (1 x 10°-2.5 x 10“M).

Losartan K-Triton X 100interactions

Better understanding of drug/micelleinteractionis
not only achieved by explaining itsnature, but a so by
quantifyingitsmagnitudethroughthed ucidation of drug/
micelle binding constant and/or partition coefficient.
Whenever the interactions of the molecule with its
surrounding environment areintrinsically related to
spectra characteristics, their changes can be used for
the determination of corresponding binding constants
and partition coefficients.

Thehighest differencein absorbanceof LST K done
and its absorbance in presence of Triton X 100 was
observed at 225 nm, thusit was selected astheana ytica
wavel ength for the study.

The critical micelle concentration (CMC), the
concentration abovewhich surfactant existsinmicel lar
form, wascalculated for Triton X 100. Although the
absorption method isnot themost sensitivemethod to
obtainthevaueof CMC, CM C isthe concentration of
surfactant below which the absorbance at 225 nm
should be the same in agueous and non micellar
surfactant solution, it isaccepted to assumethat, the
CMCvdueof Triton X 100is1.66 x 10°M in presence

Hnalytical CHEMISTRY o

of 43.38 uM LST. This vaue is below the CMC
reportedin literature, and this can beexplained by the
well-known lowering of surfactant CMC under the
influence of different additives and iong?*?2. The
increasein absorbancewith theincreasein surfactant
concentration above CMC isregarded to be caused
by theincorporation of drug moleculesto micelles. As
more drug molecules areincorporated to micellesthe
absorbance reaches amaximal value then becomes
amost constant!#,

The degree of LST /surfactant interaction was
guantified by calculating the LST /micelle binding
constant (K, ) according to thefollowing equiations®:

For theLST K inwater, Lambert-Beer’s law holds
asexperimentaly confirmed.

A v=g ¥ C (@)

225 225 X TLST

WhereA,," and ,,." represent the absorbance and
the molar absorptivity at A 225 nm and 1 cm optical
path length. Thisequation aso holdsbelow CMC, in
thenonmicellar surfactant solution.

Inthemicellar region, aportionof LSTK, C ™, is
cons dered to be sol ubilized in micelleswhilethe other
portion, C ", still remainsinthewater region. The
total concentrationof LST is

CLST=CLSTm+CLSTW (2)

Assuming that Lambert-Beer’s law also holds for
thesolubilized L ST, the absorbance of micellar solution
can beexpressed as

A225 = 8225m X CLSTm + 8225W X CLSTW (3)
Wherg, ¢, " isthemolar absorptivity for thesolubilized
LST.

Thefractionf of theassociated LST may bedefined

as
f=C."/C 4
AtacertanC _, fisequd tozerointhenonmicdlar
region up to CMC and increaseswith increasing the
concentration of surfactant (C,,) above CMC. As
C...increasesuptoinfinity, f goproachesunity sinceal
added LST should besolubilizedinmicelles,i.e.C . ™
H” C LST.

Using equations[1],[2] and[3], thefractionf can
bedirectly calculated from the experimentd databy
f=AA,,JAA,,® ®)
Where AA,,. = A, — A" and AA> = A~ —

225
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225A »s1Sthemeasured absorbanceof LST in presence
of a given concentration of surfactant, A,,." is the
absorbance of the same concentration of LST inabsence
of surfactant and A, being the absorbance of LST
completely bound to surfactant.

Thebindingof LST to SAA micellesisa equilibrium,
LST +(SAA), 5 LST-SAA

Withtheequilibrium (binding) constant given by
Kb = CLST-SAA/ CLSTW' CSAA (6)
WhereC , .., istheconcentration of micellar “sites”
occupied by LST, C _ " isthe concentration of free
LST anionsand C g, ,, . iSthe concentration of free
stesinthemicdles. It isassumed that each micelleis
made up of acertain number of sites, each of which has
nmoleculesof SAA accessibleto onemoleculeof the

anion. Thetotal concentrationsof SAA and LST are

givenby
CSAA:nXC(SAA)site;-i-nX CLST-SAA+CMC (7)
CLST :CLSTW+ CLST-SAA (8)

Usingthedefinition of f from equations[ 3], [4] and
[5], thefollowing expression for the binding constant
K, isobtained:

K,=nf/(1-f) (C,,-CMC-nfC ) 9

After rearrangement thisequationisconvertedinto
linearizedform
C o (1) =-UK +(Cg,,-CMC)n X (1-f)/f (10)

In applying equation’’?, theva uesof f greater than
0.9 and smaller than 0.2 should be excluded, sincethe
functionishighly dependent on (1- f) and (1- f)/f which
tendsto zero or infinity asf tendsto 1 or O ;respectively.

By plotting C . (1-f) versus(C, ., — CMC)(1-f)/f,
asshowninFigure 3, thevaluesof 1/nand-1/K can
be obtai ned from the d ope and intercept of the straight
line; respectively. K, and nwerefoundtobe4.13+
0.35 x10° M1 and 2.258; respectively. The n value
corresponds to the average number of surfactant
molecul es surrounding each molecule of LST K, the
obtai ned va ueof n show that twomoleculesareforming
thesitefor LST K binding.

Absorbance values obtained at A =225 nm can be
used for the calculation of partition coefficient K .
According to the pseudo-phase moddl?- it is defined
&
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Gs(H)x10°
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(Ctriton x - CMC )x (1-f)/f x 107
Figure3: Theplot of C__ (1-f) versus(C .- CMC)(1-f)/f

for determination of L ST-Triton X 100 binding constant.
Kx:XLSTm/XLSTW (11)
WhereX mand X . " arethemolefractionsof LST
in micellar and aqueous phase, respectively. They are
related with concentrations of species in the
solubilization system

xLSTm=CLSTm/CLSTm+CTritonx1oom (12)
XLSTW:CLSTW/CLSTW+CTritonXlOOW+nw (13)
Where CTriton X 100m and CTriton X 100W represent

concentrations of Triton X 100 in micellar and
monomeric states, and n, = 55.5 mol dm? is the
molarity of water. Under present experimenta conditions

CLSTW + CTriton>< 10_0W << nW' If we eXpreSS Ks = Kx/ r]w’
weget theequation
Ksz(CLSTm/CLSTm+CTrit0nX100m)/CLSTW (14)

Whereasc,. . .., dPproachesinfinity, c .. mand Crion
100" AOProachc and(c,, . 10,0~ CMC). By using
equations[4] and [5], equation [14] can bewrittenin
linearizedform

VAA,, =UAA, +UK_.AA, (C . +C,.c CMC)(15)

Hence, K_ (K =K n, ) isobtained fromthes ope of
theplot of VAA,  versus1/(c o+ C.\ 1y 100~ CMO)
shownin Ffigure”. Thelinear relation holdsinavery
highC_ . . ., "€gion below which the curvetendsto
bend upwardswith decreasing C thedevidion
being due to the approximation made for C . ™ and

Triton X 100’
m

Triton X 100 ° i .
Usingthevauesof AA,,, measuredinthreeseries

(n=3) of 43.38 uM LST K containing increasing
concentrations of Triton X 100 (1 x 10°-2.5x 10),
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Figure4: Theplot of VAA  versusl/(C _+C . —CMC)
for determination of L ST-Triton X 100 partition coefficient

from Eq.™ the values of K_=4.07+0.22 x10* M,
i.e. K =2.26+0.12 x 10° was obtained.

From the equation A Gx =x° “u°, ="RTInK,
whereR (=8.314 K™ mol™) isthegasconstantand T
(=298 K) the absol ute temperature, the standard free
energy changefor thetransfer of LST from bulk water
tomicellar phase A Gx=-30.54 kJmol ! isobtained.

Theinformation about dissociation constantsis
necessary to choose the optimal conditions for the
extraction of thesedrugsfrom body fluids, whichisan
essentia step to devel op analytical methodsfor their
determination. Micellar systems can shift acid-base
equilibria. This shift can be explained in terms of
differences between the properties of thebulk solvent
and of theinterfacid region and perturbation of theacid-
base equilibriaby the el ectrostatic field effect of the
chargedinterface®!. The study of acid-base behavior
insurfactant mediaisimportant to the understanding of
mechanisms of reactionsin bothinvitroandinvivo
environments and is also useful in anaytical and
pharmaceutical applicationg?!.

Different valuesfor acid-base constants for LST
K werereportedinliterature; 2.36 & 5.55127, 3.1528),
4.9 and 5.6%%. The UV absorbance spectraof 4.34
x10°M (20 ug L) LST Kin0.01M Triton X 100 at
pH 7.4 (completely ionized species) and at pH 1.8
(completdy molecular form) areshowninFgure5. The
maximum difference in absorbance between the
completely molecular and the completely ionized forms
wasobtained at 242 nm. Hence, thiswas chosen asthe
analytical wavelength at which the absorbance values
of other solutions, containing sSmilar concentrations of
LST K and Triton X 100, at different pH valueswere

Hnalytical CHEMISTRY o

recorded. The pKavaueswere then calculated asa
function of pH using theformuld®
pK _pH +log[A-A/A-A ]
WhereA isthe absorbance of the compl etely ionized
species, A theabsorbance of thecompletely molecular
species, and A isthe absorbance observed at different
pH vaues.

Theacidity constantswereestimated tobepK <=
4.7 £0.14 and pK m**=3.9 +0.16. The lowering of
thepKainmicellar solutions (A pK, = 0.8) provesthe
affinity of LST K for the Triton X 100 micelle surface.

A shift in drug pKa is the consequence of the
preferential binding of oneform of thedrug, either the
charged or the uncharged one, as well as the
combination of electrostatic and micro environmental
effectsof themicelles®Y. It should beremembered that
vauesreportedinthepresent work ared| with reference
toafixed concentration of surfactant whichiswell above
the CMC of the surfactants. At several other
intermediate concentrations or added sats/counter ions
the effectsare pronouncedly different’™2.

The data obtained from the study of the
physicochemical interactionof LST K and Triton X 100
issummarizedin TABLE 1.

{
i
lf
|

Figure5: TheUV absorbancespectraof 4.34x 10°M (20 pg
L) LST K in 0.01IM Triton X 100 at pH 7.4 (- - - -)
(completely ionized species) and at pH 1.8(—) (completely
molecular form)

TABLE 1: Parametersof thephysicochemical interaction
of LST K and Triton X 100 Micelles

Par ameter pH 7.4
N 2.258
Kp (mol™ L) 4.13+0.35 x10°
R 0.9997
K 2.26+0.12 x10°
Ks(M™ 4.07 +0.22 x10°
A Gy (kImol™) - 30.54
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CONCLUSION

Fromtheresultsobtained, LST K bindsto Triton
X 100 micelleswheretwo Triton X 100 moleculesare
form thebinding ste. Thebinding congtant and partition
coefficient werecaculated to assst in studieson drug
delivery, or in micellar electrokinetic capillary
chromatography and high-pressure liquid
chromatography for drug quality control. The pK_ of
LST K wasshifted by 0.8 proving theaffinity of LST K
for theTriton X 100 micellesurface.
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