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ABSTRACT

The interaction of valsartan (VLS), an angiotensin Il receptor antagoni<t,
with plasma and bovine serum albumin (BSA) has been investigated at
physiological acidity (pH 7.40) by spectroscopic (UV spectrophotometry
and fluorescence) techniques. The effect of BSA on UV absorption spectra
of valsartan was monitored at three concentration levels of BSA. The bind-
ing parameters of VLS-BSA were calculated using non-linear regression
analysis of the Scatchard plot. The binding percentages were calcul ated at
different dilution folds of plasma. A strong fluorescence quenching reac-
tion of VLSto BSA was observed. The binding constants of VL Swith BSA
at 288, 298 and 309 K were calculated as 2.624x107, 2.431x10” and
2.254x10” M2, respectively. The thermodynamic parameters, AH® and AS®
were obtained to be -5.35 + 0.096 kJ mol** and 123.49 + 0.32 J mol* K™%,
respectively, indicating the presence of hydrophobic forces between VLS
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INTRODUCTION

Bovine serum albumin (BSA) isoneof themgjor
componentsin plasmaprotein. It isin charge of the
transport of avariety of endogenous and exogenous
substancesin body and playsanimportant roleinthe
distribution and deposition of these substances¥. When
drugs areabsorbed, they enter into thecirculatory sys-
tem and extensively and reversibly bind to serum albu-
mini. Animportant aspect of adrug’s biodisposition
profileisthe extent to which it bindsto plasmapro-
teing¥. Drug—protein interaction has significance in phar-
macology. It can affect the biological activity*® and
toxicity'®® of drug. Thebinding parametershelpinthe

study of pharmacokinetics and the design of dosage
formg®19, Hence, the studies on binding of drugsto
BSA provideinformation of structura festuresthat de-
terminethetherapeutic effectiveness of drugsand be-
comeanimportant research fieldin chemistry, lifesci-
encesandclinical medicine.

BSA isasingle-chain 582 aminoacid globular non-
glycoprotein cross-linked with 17 cystineresidues. Itis
built from three structurally homologousdomains(l, 11
and I11). Each domain isthe product of two sub-do-
mains (A and B)*3. BSA has two tryptophans, em-
bedded in two different domains, Trp-134 and Trp-
214 1A,

Different methods have been developed to evalu-
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Figurel: Sructureof Valsartan (N-(1-oxopentyl)-N-[[2'-(2H-
tetrazol-5-y1)[1,1'-biphenyl]-4-yl]methyl]-I-valine)
atedrug-protein interactions, such as the traditional equi-
librium didysig**%, ultrafilteration!*®! and chromato-
graphic methods (HPLC*"18 and CE*2%),

The spectroscopictechniques(UV/VISabsorption,
fluorescence and circular dichroism) are of great help
inthestudy of interactions between drugsand plasma
proteinsingeneral and serum albuminin particular be-
causeof their high sengtivity, rapidity and eeseof imple-
mentation. They have advantages over conventional
approaches employed for studying the drug—protein
binding such asaffinity and sizeexclusion chromatog-
raphy, equilibriumdiayss, ultrafilteration and ultracen-
trifugation, which suffer fromlack of sensitivity or long
anaysistimeor both and use of protein concentrations
far in excessof dissociation constant for drug—protein
complex @22 and for drug—protein interaction studies.

Va sartan (N-(1-oxopentyl)-N-[[ 2'-(2H-tetrazol -5
y)[1,1-biphenyl]-4-yl]methyl]-I-vdine) (Figurel) isan
antihypertensvedrug bel ongingto pharmacol ogica dlass
of angiotensin Il receptor antagonists (ARA-II), char-
acterized by their sdlectivity, specificity, long-acting ef-
fect ontherennin-angiotensin system and good toler-
ability profile @29, VL Sisan effectiveagent in selec-
tiveblockadeof theAT, receptor whichisresponsible
for vasocongtriction, whileAT, receptor, whichisthought
to have cardioprotective effectsand inhibitory effects
on growthisunaffected by ARA-II. Thisisthefirst re-
port onthemechanismof interaction of VLSwith BSA.

EXPERIMENTAL

Apparatus

Absorption spectrawererecorded on Doublebeam
Schimadzu (Japan) 1601 PC UV-V1S spectrophotom-
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eter connected to acomputer fitted with UV PC per-
sond spectroscopy softwareversion 3.7, using matched
quartz cuvettesin athermostated cdll holder. Measure-
mentstook placeat 25°C (+0.2 ). Fluorescence mea-
surementswere performed on K ontron spectrofluo-
rimeter (Switzerland), model SFM25with 1-cm quartz
cuvettes connected to IBM compatible computer fitted
with WIND 25 spectroscopy software for Windows.
Calculations of binding parameters were performed
using Graph pad Prism softwareversion 4.0 for win-
dows.

Reagents

BSA (FractionV, goproximately 99%; proteasefree
and essentidly y-globulinfree) wasobtained from Sgma
Chemical Company, USA.. Pure Va sartan waskindly
supplied by NovartisPharma, Cairo (Egypt). Purity was
reported to be 100.0+ 0.2 %. Frozen human plasma
wasobtaned fromVVACCERA, Batch no. 07/G & was
stored at -20°C. Solutionsof VLS and BSA werepre-
paredin 0.05 M phosphate buffer of pH 7.40. All other
materia swereof anaytica reagent gradeand double-
distilled water wasused.

VLS-BSA interactions
(1) UV spectrophotometric measur ements

UV absorption spectraof VLS were scanned in
absenceand in presence of BSA intherange of 200-
400nm. BSA was used at three concentration levels:
3.77x107M, 3.77x10°M and 7.5x10°M. At each
concentration leve , the concentration of BSA waskept
constant ,whilethe concentration of VL Swasincreased
intherangeof 4.59- 36.7 X10°M, 1.15-10.3x10°M
and 0.25-2.5x10°M for thethree BSA concentration
levels; respectively. All measurementstook place at
25°C (£ 0.2) against reference solution containing the
same concentration of BSA ashlank.

(2) Fluor escence measur ements

Fluorescence spectraof BSA (2.4x107 M) were
recorded in absence and presence of VLS (5x10° M
-110* M) at 288,298 and 309 K in the range of 300
400 nm upon excitation at 269 nm in each case.

(3) VL S-plasmainteractions

UV absorption spectraof VLS were scanned in
absenceandin presenceof different dilutionsof plasma
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at therangeof 200-400nm. Plasmawasdilutedin phos-
phate buffer pH 7.40 in the range of 2-100 dilution-
folds. All measurements took place at 25°C (+ 0.2)
against reference solution containing thesamedilution
of plasmaasblank.

RESULTSAND DISCUSSION

(A) VLS-BSA interactions
(1) UV spectrophotometric measur ements

The UV absorption spectrum of VL Sischaracter-
ized by two absorption maximaat 207 and 250 nm
withmolar absorptivity (€) 0of0.0362 and 0.0128 cm™
M-1at 207 and 250 nm; respectively. Theeffect of BSA
on VLS UV absorption spectrum was found to vary
according to the concentration of bumin (Figure2-4).
Atlow concentration of BSA (3.77x10* mM), the peak
at 250 nm remained unchanged, however, the peak at
207 nm showed dight bathochromic and hypochromic
shift. By increasng BSA concentrationto higher levels
(0.0377 mM), the peak at 207 nm compl etely disap-
peared, whereasthe peak a 250 nmwas dightly shifted
tolonger wave ength a ong with hypochromic shift. Fur-
ther increasein BSA concentration (0.075mM), lead
to appearance of a new peak at 299 nm. This new
peak displaysdight shift to longer wavelength by in-
creasing BSA concentration. Increasing VLS concen-
tration at fixed BSA concentration |ead to quantitative
increasein absorbance. At both concentration level sof
BSA, the decrease in absorbance of VLS at either
wavel ength was used to cal cul ate the binding param-
etersusing non-linear regression and transformationto
the Scatchard plot performed by Graph pad Prism 4
software (Figure5, 6).

The Scatchard equation can berepresented asfol -
lows?:;

[ligand],
where, K, istheequilibrium dissociation constant and n
isthenumber of classesof binding sites.

Thebinding parametersare always described as
B, adK B, __ representsthemaximum density of
bindingsites. K jistheequilibrium congtant. B__ isob-
tained from theintercept of the Scatchard plot andis
corrected for the amount of protein used, whereasK
isthenegativereciprocd of thedopeof thetransformed

/lligand], .=nK K, [ligand],,

—— Fyll Peper

TABLE1
BSA (3.77x10* mM) BSA (0.0377 mM)
Brnax 8.658 8.827
K g (uM) 21.22 5.086
r? 0.9999 0.9998

TABLE 2: Binding parameter sof VL Susing fluor escence
quenching method at different temperatures

288K 298 K 309K
Key (M) 0.02266 0.01910 0.01624
n 1.68 1.701 1.686
Kp (L mol™) 2.624x107 2.431x107 2.254x107
r2 0.9987 0.9991 0.9965

TABLE 3: Thermodynamic parameter sof BSA-valsartan
system obtained from BSA fluor escence quenching method
at different temperatures

T(K) AH (Kj mol™) AS@moaltK?Y) AG(Kjmol?l) r?

288 -535+0.096 12349+032 —40.91+0.188
298 ~42.15+0.191 0.9998
309 —4351+0.195

Scatchard plot(26:27,

At3.77x10*mM BSA, B, and K ,were calcu-
lated from Scatchard plot and were equal to 8.658
(22.966 UM/ uM of BSA) and 21.22 uM; respec-
tively, while at 0.0377 mM BSA, B__ and K ,were
8.827 (234.138 uM/ mM of BSA) and 5.086 uM ;
respectively (TABLE 1). It can be concluded that at
thehigher concentration of BSA thebinding affinity in-
creases as evidenced by lower K . By fitting the data
into different binding modd s, the preferred moddl was
found to beone-binding stemodd, thusproving that at
each concentration level thereisonly oneclassof bind-
inggtes.

Fromthedataobtained, itisobviousthat VLShind-
ing to BSA isconcentration-dependant and thereare
two classesof binding steswith different binding affini-
ties, onewith low affinity seen at low BSA concentra-
tion and another with high affinity at higher BSA con-
centration. An excessiveincrease of BSA concentra-
tionleadsto adifferent type of interaction observed as
anew peak. This can be explained by the fact that,
binding of ligandsto proteinsmay |ead to conforma-
tional changesin the protein structure, thusexposing
moresitesin the protein for interactioni?29, In addi-
tion, itisawell-described phenomenonthat theaffinity

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



350

Investigation of the interaction between valsartan and bovine serum albumin

ACAIJ, 10(6) 2011

Full Peaper ==

Figure 2 : Effect of low concentration of BSA on The UV
absor ption curveof 36 uM valsartan, a: noBSA, b-e: 0.19uM
-0.57 uM ; showing bathochr omic hypochromic shift at 207
nm whilepeak at 250 nm remainsunaffected
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Figure3: Effect of intermediateconcentration of BSA on The
UV absorption curveof 46 uM Valsartan, a: noBSA, b-f: 25.5
BM-75.4 uM ; showing disappear ance of thepeak maximum
at 207 nmand hypochromic shift at peak maximumat 250 nm
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Figure4: UV absor ption curveof Valsartan at concentration
range(0.23-2.3uM) in presenceof 0.075mM BSA at pH 7.4,
showing completedisappear anceof both peaksat 207 nm &
250 nm and appear ance of new peak at 299 nm

of albuminfor certain ligands dependson theprotein
concentration*>22,

(2) Fluorescencequenchingof BSA by VLS

INBSA, tryptophan and tyrosinemainly contribute
to fluorescence spectra. The fluorescence decreases
when some substance was added into the BSA solu-
tion. Thisphenomenoniscaled fluorescence quench-
ing (FQ)®3. FQin serumabuminiswidely usedin
measuring drug-protein binding affinity. The interaction
of VLStoBSA at physiologica acidity (pH 7.40) was
evauated by measuringtheintring c fluorescenceinten-
sity of protein before and after additionof VLS. BSA
has a strong fluorescence emission with a peak at
340 nm on excitation at 269 nm. With gradual increase
indrug concentration, we observed typica FQ behav-
ior (Figure7). Thefluorescenceintensity of theprotein
decreasesinthe presence of VLS, suggesting that the
mi croenvironment around chromophore of BSA was
changed after theaddition of VLS.

Thefluorescence quenching datawere anadyzed by
the Stern—Volmer equation,

F/F=1+K [Q]

where F, and F arethe steady-state fluorescence
intengitiesin absence and presence of quencher, respec-
tively, K, isthe Stern-Volmer quenching constant and
[Q] istheconcentration of quencher (VLS) (Figure8).
Thevaluesof K, and r* at different temperaturesare
summarized in TABLE 2. In many instances, the
fluorophore can be guenched by collision (dynamic
guenching) or by complex formation (static quenching)
or both. A linear Stern—Volmer plot, however, does not
definethequenching type, and additiond informationis
required for thisdetermination'®=, Oneway to distin-
guish dynamicfrom static quenchingisto examinethe
temperature effect on theinteraction of drugto BSA.
These results indicate that the probable quenching
mechanism of fluorescence of BSA by VL Sisadtatic
quenching procedure, because K, isdecreased with
increasein temperature®"3,

When smadl moleculesbind independently to aset
of equivadent Stesonamacromolecule, theequilibrium
between freeand bound moleculesisgiven by theequa
tion®,

Log(F,-F)/F=logK +nlog[Q]

whereK and n arethe binding constant and the number
of binding sites, respectively. Thus, aplot (figure9) of
log (F -F)/F versuslog [Q] yielded the K and n values
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Figure5: Graphical Presentation of Valsartan-BSA I nteraction at 207 nm, using var ying concentr ationsof valsartan (4.59-
36.7uM) in presenceof 0.37 uM BSA; A: binding isother m showing thedegr ee of binding ver susthefreevalsartan concen-
tration, B: Scatchard plot obtained by nonlinear regression analysisof A
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Figure6: Graphical presentation of Valsartan-BSA interaction at 250 nm, using varying concentr ationsof valsartan (11.5 -
103 uM) in presenceof 37.7 uM BSA; A: bindingisotherm showing the degreeof binding ver susthefreevalsartan concen-
tration, B: Scatchard plot obtained by non-linear regression analysisof A

tobe2.624x10” L mol*and 1.68, 2.431x10’ L mol*
and 1.701, and 2.254x107L mol*and 1.686, at 288,
298 and 309 K ; respectively. Thevalue of n approxi-
mately equasto 2, indicating theexistence of 2 classes
of binding sitesof different affinitiesin BSA for VLS,
which agreeswel| with thefindingsof the binding study
using UV- absorptionof VLS.

Theacting forcesbetween drug and biomolecules
include hydrogen bonds, van der Waalsforces, elec-
trostatic forces, hydrophobicinteraction forces @292,
Thus, one could obtain someimportant parameterswith
the help of Van’t Hoff plot and thermodynamic equa-
tion, that s,

LogK =-AH°/2.303RT + AS°/2.303R
AG°=AH°-TAS",

Here, AH°, AG°, AS° are standard enthalpy
change, standard free energy change and standard en-
tropy change, respectively. Thefluorescence quench-
ing study was carried out at 288, 298 and 309 K. At

thesetemperatures, BSA does not undergo any struc-
tural degradation. TheVan’t Hoff (plot of log K versus
1T) (Figure10) endbled thedetermination of AH°, AS®
and AG°®, andthesevaluesare summarized in TABLE
3. Nemethy and Scheraga“®, Timasheff!“!! and Ross
and Subramanian'“? have characterized the sign and
meagnitude of thethermodynamic parameter associated
with variousindividud kindsof interaction that may teke
placein protein association processes. Thebinding pro-
cessisexothermic reaction accompanied by apositive
AS® value. Fromthepoint of view of water structure,
for adrug—protein interaction, a positive AS° valueis
frequently regarded asan evidencefor ahydrophobic
i nteractionl**4 because the water molecul esthat are
arranged in an orderly fashion around thedrug and pro-
tein acquire amore random configuration. Neverthe-
less, it has been pointed out that specific electrostatic
interacti ons between ioni ¢ speciesin agueous solution
arecharacterized by apostivevaueof AS®° andanega
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tive AH® va ue. A negative AH® value may bea so ob-
tainedin caseof hydrogen bonding inthebinding reac-
tion*! The negativevaluefor AG® indicatesthe spon-
taneity of thebinding of VLSwithBSA. Meanwhile, it
wasfound that themain contributionto AG° v uearises
from the AS° rather than from AH®, so hydrophobic
forcesmost likely play amajor rolein the binding of
VLStoBSA, but therdatively smaller enthd py change
meansthat hydrogen bonding and e ectrostaticinterac-
tion also cannot be excluded.

(B) VL S-plasmainteractions

Theabsorption maximuma 207 nmhascompletely
disappeared even by diluting plasmaupto 100 folds.
When plasmawasdiluted 60 or morefoldsthe peak at
250 nm was not affected. Increasing plasmaconcen-
tration (fewer foldsof dilution) lead to dight red shift to
longer wave ength accompanied by decreasein absor-
bance (bathochromic hypochromic shift). Plasma, a 10
foldsdilution andless, lead to disgppearanceof the pesk
at 250 nm and appearance of anew absorption maxi-
mum at A 303 nm. The new peak displayed quantita-
tiveincreasein absorbance by increasing the concen-
tration of VL Sat afixed plasmaleve.

The binding percentage was calculated at each
plasmadilution using thedecreasein absorbanceat 250
nm (Figure 11). The binding percentages (TABLE 4)
weredeterminedintriplicate assaysand ca cul ated ac-
cording to thefollowing equati on647:

% unbound (free) =A /A

drugin plasma

% bound =100- % free

It wasfound that percent bound drug increased by
increasing plasmaconcentration (fewer folds of dilu-
tion), without affecting the binding pattern emphasizing
that plasmaproteinsconcentrationisdirectly correl ated
with the percentage of the bound fraction. Itisimpor-
tant to note that, in vivo the percent bound does not
increase but approaches aplateau because of thefaster
clearance of thefreefraction.

100

same drug conc. without plasma’

CONCLUSION

Thebinding pattern and parameters of VLSwith
BSA wereca culated using the UV absorption spectra
of VLSand confirmed by fluorescence quenching of
intrinsic fluorescenceof BSA.. In conclusion, thereare

2 classesof binding Sites, of different affinitiesinalbu-
mintowhich VLS can bebound. Hydrophobic forces
most likely play amgjor rolein thebinding of VLSto
BSA, however, hydrogen bonding and e ectrostaticin-
teraction cannot be excluded. The percentage of bind-
ingwith plasmawas ca culated and was found compa
rabletothestatedinliterature.
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