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ABSTRACT

The interaction of losartan potassium (LP) with in@vserum albumin (BSA) was studied by fluorescqoeaching

in combination with UV-Vis spectroscopic methodarmar physiological conditions. The fluorescequenching
rate constants and binding constants for BSA-LPteayswere determined at different temperatures. The
fluorescence quenching of BSA by LP is due tocstaténching and energy transfer. The results afntlbelynamic
parametersAH (-134.3 kJ mot), AS (368 J mol* K™*) andAG (-24.52 to-20.83 kJ motl), indicated that van der
Waals interaction and hydrogen bonding played aamegle for LP-BSA association. The competitiveesixpents
demonstrated that the primary binding site of LPRBBA was located at site Il in sub-domain IIIA &M The
distance between LP and a tryptophane unit wasnestid to be 3.183m based on the Forster resonance energy
transfer theory. The binding constant,(tof BSA-LP at 298K was 1.932X10 mol™. Synchronous fluorescence
and three-dimensional fluorescence studies shohatdthe presence of LP could change the conformaifoBSA
during the binding process.

Key words: Bovine serum albumin, Losartan potassium, Fluomsee quenching, Binding constant,
Three-dimensional fluorescence

INTRODUCTION

Serum albumins (SA) make a significant contributtoncolloid osmotic blood pressure and aid in ttansport,
distribution and metabolism of many endogenous exajenous ligands. Protein—drug binding greatljuerfces
the absorption, distribution, metabolism and exoreproperties of typical drugs [1,2]. Thus, itniscessary to study
the interaction of drug with serum albumins at malar level.

Losartan potassium (LP) is a nonpeptide angiotdhsateptor antagonist used for the treatmentypieltensior3].
It binds competitively and selectively to the angitsin Il subtype 1 (AT1) receptor, thereby blogkangiotensin
ll-induced physiological effects [4]. Following dradministration, losartan is well absorbed withsystemic
bioavailability of approximately 33% and the mearal plasma concentrations of losartan and its robtakare
reached in 1-2 h and in 3—4h, respectively[5]. @éermination of losartan potassium in human uéhand rabbit
plasma [7], and human plasma [8,9] were carried lbwvas reported that high serum potassium leaékr using
losartan can reflect more severe renal disease fljough the losartan determination and pharmemaic study
were carried out [7-9], the interaction of losanmith serum albumin was barely studied. To our kiealge, there is
only a report for studying the interaction of LPtlaé binding sites of bovine serum albumin by aftilm dialysis
method in presence or absence of palmitic acidgusanitidine and diazepam as site-1 and site-2ipguobe,
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respectively[11]. However, no the information retiag energy transfer, binding forces and BSA camfation
change for the interaction between LP and serunmgilb was reported.

Human and bovine serum albumins exhibit similardiig chemistry due to the high percentage of secpien
identities between the two proteiri®]. In this work, bovine serum albumin (BSA) was ubedause of its low cost
and easy availability, and LP was used as a made. @ he interaction characteristic between LP B8 under
physiological conditions was examined by the flseence quenching in combination with the UV-vis
spectroscopic method.

EXPERIMENTAL SECTION

Drugs and reagents

Commercially available bovine serum albumin (BSAtatog no.A-7030, purity: 98%, M: 68,000) was pased
from Sigma Chemical Company. BSA stock solutiorD¥10* M) was prepared by dissolving an appropriate
amount of BSA with 0.1 M Tris—HCI (pH 7.4) buffeolastion, and kept in the dark at 4 °C. BSA worksgutions
were prepared by diluting the stock solution withter. Losartan potassium (LP, purity: 98.7%) wazipased from
the National Institutes for Food and Drug ContrBkifing, China). A stock solution (1.0xTOM) of LP was
prepared in water, and stored in refrigerator &€ 4Tris—HCI buffer (pH 7.40) consists of Tris (M), HCI (0.1 M),
and NacCl (0.5 M). NacCl solution was used to mamthie ion strength. All chemicals were of analytieagent
grade or better. Purified water was prepared byX@&d- 30 highly pure water machine (Yongcheng pecatfion
Science & Technology Co. Ltd., Beijing, China). lHauent All fluorescence measurements were perforareen
F-7000 Fluorescence spectrophotometer (Hitachardaphich was equipped with a 1 cm quartz cell twedmostat
bath. The spectrum data points were collected 28thto 500 nm. The widths of the excitation andetmssion slit
were both set at 5 nm. Fluorescence measurementscagied out at room temperatures.

The absorption spectra were performed on a TU-H@Mle light Spectrophotometer (Beijing TAYASAF Soce
& Technology Co., Ltd., China) using a 1 cm quattdl in the wavelength range of 200-500 nm. All pH
measurements were performed with a pHS-3C pH ngSteanghai, China).

Determination of fluorescence intensity

Five 10-mL clean and dried test tubes were taked 2amL of 0.5 M NaCl, 2.0 mL Tris—HCI buffer (pH4D), 0.25
mL of 4.0x10° M BSA, and different volumes (0.5-2.5 mL) of LRstlard solution of 1.0 x1DM were added in
each test tube, and diluted to 10 mL with watele Thncentration of BSA was 1.0xi0/, and that of LP was 0.5,
1.0, 1.5, 2.0, and 2.5 xTQ\.. Sixth test-tube containing only BSA solutionpit 7.4 was marked as “control”, and
seventh test-tube containing only 1L LP was used for the comparison. After mixing #wéutions, these were
allowed to stand for 15 min for maximum bindingldf to BSA. The fluorescence intensity after therection of
inner-filter effect was calculated by the equatd@j] Fcor = Fobs €Xp(YAex + Y2 Aen), Where s is fluorescence
intensity measured before the correction of inilezef effect, Aex and Aer, are absorbance of the test solution at
excitation and emission wavelengths, respectivighg corrected fluorescence intensity was usedtfmtying on the
interaction of LP and BSA. After corrected inndtefi effect, fluorescence intensitld) in the absence of quencher
LP and the fluorescence intensif) (n the presence of quencher LP were measuredvavalength ofe,=280 nm
andi.,=340 nm under temperature of 298, 303 and 308 k$tmating the interaction between LP and BSA.

RESULTS AND DISCUSSION

Fluorescence quenching mechanism

Fluorescence quenching refers to any process t@aedses the fluorescence intensity of a sampleariety of
molecular interactions can result in fluorescengenghing of excited state fluorophores. These delmolecular
rearrangements, energy transfer, ground state exrfprmation and collisional quenching. The quenghof
fluorescence may be static or dynamic, and carebegnized by temperature dependence studies. Téreckjung
rate constants are expected to decrease with Bergatemperature for static quenching, while fgnaimic
quenching a reverse effect was observed [13].
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Figure 1: Fluorescence spectra of BSA in the absemor presence of LP ahe

280 nm after corrected inter inner-filter effect
BSA, 1.0x10° M; LP (x10° M), a—f: 0, 0.5, 1.0, 1.5, 2.0 and 2.5; g:
LP, 1x10° M.

Figure 1 shows the fluorescence spectra of BSAérabsence and presence of LP after correctedHitteereffect.

No fluorescence of LP was observedigtE280 nm. The fluorescence spectra of BSA show aditwand with
maximum at ~340 nm. It is observed that both flasoesce intensity of BSA decrease with increasingentration

of LP. A maximum fluorescence emission of BSA umeant spectral shift from 343.4.0 to 341.4 nm. kuggested
that BSA and LP formed a complex. The fluorescegaoenching data are analyzed by the Stern—Volmer
equation[14]:

Fo/F =1 +ky1o[ Q] = ko[ Q] 1)

whereF, andF are the fluorescence intensity in the absencepmasgence of quencher, respectivedy.is the
quenching rate constant, is the fluorescence life time of biopolymer BS# € 10° s) [15], ks and Q] are the
Stern—Volmer quenching constant and concentratiaquencher, respectively. In this work, the Sterolver plots
of Fo/F vs concentration of LP were obtained (Fig. 2). Vakies estimated are given in Table 1.
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Figure 2: Stern—Volmer plots ofF¢/F vs concentration of LP

Table 1: Quenching parameters of BSA-losartan potasum at different temperatures.

T (K) Equation R Ksv(Lmol) Kgq(Lmol"s?
298 FyF=0.98 +2.16x10Q] 0.9954 2.16x10 2.16x16°
303  Fo/F =1.023+ 2.10x19Q] 0.9945 2.10x1b 2.10x16?
308 Fo/F = 1.025+ 2.06 x10Q] 0.9970 2.06x1D 2.06x16?

The variation ofFy/F against LP concentratid@ fits in the equation of y = ¢ + mx with correlaticoefficient (R)
of >0.9945. Because the quenching rate constghtdécreased with increase in temperature lgndalues were
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greater than the maximum scatter collision querghionstants of various quenchers with the biomdéscu
(2.0x10° L mol™* s*), indicating that the fluorescence quenching wasnty arisen from static quenching by
complex formation instead of dynamic quenching[6g,1

Binding constant and binding site number
The binding of LP with BSA to form complex in theognd state is further understood on the basisvailable
binding site number and binding constant of the giemformation process.

Assuming the quenching belongs to a dynamic quegchie following equation was used to calculatehiinding
constant and binding sites[17,18]:

log [(Fo— F)/F] =log K, + nlog [Q] (2)
whereK, andn are the binding constant and binding site humtespectively. Figure 3 shows the plots of log

[(Fo—F)/F] vs log [Q]. Binding constantk,) and the binding site numbaen)(could be calculated from the intercept
and slope, as shown in Table 2.
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Figure 3: The plots of log [Eo—F)/F] vs log [Q] under different temperatures

Table 2: Regression equation, correlation coefficig (R), binding constantK, and the nhumber of binding siten between losartan
potassium and BSA at different temperature

T (K) Equation R Ko(Lmol?) n

296 log[(Fo_F)/F]=4.286 + 0.99 Iog[Q] 0.995( 1.932x1f _ 0.99¢
303 log[Fo—F)/F]=3.919+ 0.910 logD] 0.9960 8.299x10  0.910
308 log[€sF)/F=3.521+ 0.829 logD]  0.9906 3.319x10  0.829

It is shown that the correlation coefficient of tregression equations for the curves of IBg{E)/F] vs log[Q] is
approximately equal to 1. The binding constant e&sed with the increase of temperature, showing ttiea
guenching does not belong to a dynamic quenchiaighbélongs to a static quenching. TKevalues calculated for
LP-BSA indicate a significant interaction betweigiahd and protein[19,20].

Interaction forces between LP with BSA

The interaction forces between drug and biomolecirielude hydrogen bonds, van der Waals forcestrelgatic
and hydrophobic interactions[21]. The temperatugpethdence of the interaction of LP with BSA wasestigated
at 298, 303 and 308 K. The thermodynamic parametarde evaluated from the Van't Hoff equation:

LnK, =-AH/RT+ ASR 3)
whereK, is the binding constant at corresponding tempegafuandR is the gas constant. The enthalpy change

(AH) and entropy change&$) can be obtained from the slope and the ordirgttéise origin of the Van't Hoff plot,
respectively (Fig. 4).
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Figure 4: Van't Hoff plot for the interaction of LP with BSA at pH 7.40

The free energy changk( is determined from the following relationship
AG=AH -TAS 4)

The values oAG, ASandAH are calculated and summarized in Table 3.

Table 3: Thermodynamic parameters of the interactio between losartan potassium and BSA at differenemperatures

T(K) KsLmol?) AH (kJmol)  AS(ImolK?") AG(kJ mol?)

298  1.932x1H -134.3 -368.4 -24.52
305 8.299x1¢ -22.6%
308  3.319x19® -20.83

As can be seen imable 3 a negative value of free energdQ) supports the assertion that the binding process i
spontaneous. The negative enthalp and entropyAS) values of the interaction of LP and BSA indicttat the
binding is mainly enthalpy-driven and the entropyunfavorable for it. van der Waals interactiond agdrogen
bonding played major role in the reacti@2].

Binding sites of LP on the BSA

On the basis of the probe-displacement methode ther at least three relatively-high specific dbirgding sites on
the BSA molecules. These sites, commonly calledasiar, ibuprofen and digoxin-binding sites, areoalfenoted as
Site 1, Site Il, and Site lll, respectiveBg,24]. To further determine the binding site of LP, tb@mpetitive
experiments were carried out at 298 K using wanfabuprofen and digoxin as a Site |-, Site II- &itk Il specific
probe, respectively. Binding constaki and the binding site numbersfor the system in the presence of site
specific probe are listed ihable 4

Table 4: Binding constantK, and binding site number n between losartan potagsin and BSA in the presence of site-specific probe 298

K
System KoL mol?) n R
LP-BSA 1.932x1¢  0.99¢ 0.995(

LP-BSA-warfarin ~ 4.977x1® 0.887 0.9948
LP-BSA-ibuprofen  2.924x10  0.809 0.9984
LP-BSA-digoxin 8.831x1¢  0.91¢ 0.992:

In the presence of site specific probe, the bindiogstants for LP-BSA system decreased. In the afaibeiprofen
probe, it is 2.924xT0L mol™, obviously lower than that for the LP-BSA systerithaut any specific probe,
showing the competition of ibuprofen with LP atare site. These results demonstrated that the ipribiading
site of LP at site Il within subdomain IlIA of BSAt is same with the result obtained with diazepasnsite |l
specific probe[11].

Energy transfer from BSA to LP

Fluorescence resonance energy transfer is an iargotechnique for investigating a variety of biotad
phenomena including energy transfer processestsk the donor and acceptor are BSA and LP, raspbctThe
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fluorescence emission of BSA-LP solution at antation wavelength of 280 nm is only from BSA sirde is a
non-fluorescence drug molecule. However, at thigselength LP has weak absorption. It was observattttere
was spectral overlap between fluorescence emisfi®@SA and absorption spectra of LPid. 5. It is suggested
the possibility of fluorescence resonance enemgysfier from BSA to LP molecules in solution.
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Figure 5: Spectral overlap of absorption of LP withfluorescence of BSA

The region of integral overlap can be used to d¢aletthe critical energy transfer distan&g) (between BSA (donor)
and LP (acceptor) according to Foster's non-ragkatinergy transfer theory using Forster’s equati®np6]. Based
on this theory, the efficiency (E) of energy tramrdfetween donor (BSA) and acceptor (LP) can bautzked by Eq.
5:

E=R(R+ 1) (5)

where, r is the binding distance between donor atakptor, andR, is the critical binding distance when the
efficiency €) of energy transfer is 50%, which can be calcdldte Eq.(6):

Ro’= 8.8x10%%n™* ¢pJ (6)

where, thdd is the spatial orientation factor of the dipafeis the refractive index of mediundp is the quantum
yield of the donor in the absence of acceptor;hisdthe overlap integral of the emission spectrdrhe donor and
the absorption spectrum of the acceptor. Thalue can be calculated by K@):

J=YFW)e()X* AMTF(L) AL (1)

where, F(}) is the fluorescence intensity of the fluoresceanor,e(X) is the molar absorption coefficient of the
acceptor. In the present cak®,n and @, are 2/3, 1.336 and 0.118, respectively[12]. THiiehcy E) of energy
transfer can be determined by E8):

E=1-F/F, (8)

where,Fy andF are the fluorescence intensities of BSA solutionghe absence and presence of LP, respectively.
From the overlapping we fourRy=2.352 nm from Eq. (7) using’=2/3,n=1.336 andPp=0.118 (tryptophan residue)
for the aqueous solution of BSAvalue could be calculated from Eq. 7 and the spwading result was 7.80x10

cm® L mol™. E value calculated from Eq. 8 was 14.01%. At the esaime, the binding distance=3.23 nm)
between BSA and LP was obtained by Eq.5. Appareittly less than 7.0 nm. This result indicatesrtbaradiative
energy transfer from BSA to LP occurs with high gb#ity[27,28]. It also suggested that the bindingf LP to
BSA molecules were formed through energy transfdrich quenched the fluorescence of BSA molecules,
indicating the presence of static quenching inteadetween BSA and LP [29].
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Change of BSA conformation

Synchronous fluorescence is a kind of simple amgisee method to measure the fluorescence quegchtircan
provide the information of polarity change arourt tchromophore microenvironmertl, representing the
difference between excitation and emission wavélengs an important operating parameter. Whénis 15 nm,
synchronous fluorescence is characteristic of tpeoeesidue, while when) is 60 nm, it provided the characteristic
information of tryptophan residues [28]. The symoious fluorescence spectra of tyrosine residuetigptophan
residues in BSA with addition of LP were observed.
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Figure 6: Synchronous fluorescence spectra of BSAitl different amount of LP
T =298 K; BSA, 1.0x16 M; LP (10° M), a—f: 0, 0.5, 1.0, 1.5, 2.0, 2.5

Figure 6 shows that the fluorescence intensityyofsine increased lightly with increasing LP comtdout no
obviously change of maximum emission wavelength alzserved, while the fluorescence intensity of tophan
decreased regularly, with the change of maximunssion wavelength from 338.8 to 341.2 nm. The reft eh
fluorescence spectrum suggests the polarity ofstimeounding environment increasing [30]he fluorescence
intensity and the pitch of quenching fak= 60 nm was much higher than those #0r=15 nm. Such result means
LP is closer to tryptophan residues than tyrosasdues, namely binding sites mainly are focusedtrypiophan
moiety. Above result showed that LP could changectbnformation of BSA because the microenvironnaeatind
tryptophan residue changed during the binding m®ce

The three-dimensional fluorescence spectrum ish@nqtowerful method for studying conformation chaid BSA.
In this work, the three-dimensional fluorescencecsia and the contour spectra of BSA and BSA-Lesys were
observed, as shown Fig. 7, and the characteristic parameters are summairiZeable 5.

Table 5: Three-dimensional fluorescence spectra checteristic parameters of the BSA and BSA-losartapotassium systems

Systen Parametel Peak : Peak :
Peak positionexiem, nm)  275.0/340.0 225.0/340.0
BSA Relative intensity 163.5 1545
Stokes shift\l (nm) 65 115
Peak positionexiem, nm)  280.0/340.0 225.0/340.0
BSA-Losartan Relative intensity 130.2 88.57
Stokes shif\A (nm) 60 115

From Fig. 7, peak I/ en: 275.0/340.0 nm) reveals the spectral charadten$tryptophan and tyrosine residues.
After the addition of LP, the fluorescence intepsif BSA decreased from 163.5 to 130.2. This suggesess polar
environment of both residues and almost all therdyldobic amino acid residues of BSA were buriedha
hydrophobic pocket. Less polar environment meaasttie binding position between LP and BSA locatstthin
this hydrophobic pocket, the addition of LP changfeel polarity of this hydrophobic microenvironmeanid the
conformation of BSA[31].
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Figure 7: Three-dimensional fluorescence spectragit) and contour spectra (right) of BSA and BSA-LPsystems BSA, 1x16 M; LP,
1x10°M

In Fig. 7, peak 22/ hem 225.0/340.0 nm) reveals the fluorescence spdmttavior of polypeptide backbone
structures, which is caused by the transitiom-ef* of BSA’s characteristic polypeptide backbone staue C=0
[32]. After the addition of LP, peak 2 decreaseanaatically with increasing concentration of LP. Thmrescence
intensity of BSA decreased from 154.5 to 88.47 eAfiddition of LP in BSA, fingerprint lines in b&lopart of
contour spectra changed to be sparse. These rdvibaiethe microenvironment and conformation of BSére

changed in the binding reaction. The interactiotwbken LP and BSA induced the unfolding of the pepides
chains of BSA and conformational change of BSA.

CONCLUSION

The results showed that losartan potassium can thirfmbvine serum albumin by hydrogen bonding and der
Waals forces. The primary binding for losartan pstam was located at site Il in subdomain IIIA d3& The
result observed by synchronous fluorescence arekb4timensional fluorescence spectra demonstratetdthie
presence of LP induced some microenvironmentalcanfbrmational changes of BSA molecules. The resan¢ of

great importance in pharmacy, pharmacology andheimistry, and are expected to provide importarightsinto
the interactions of the physiologically importambein BSA with drugs.
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