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ABSTRACT

In this paper, the interaction of lomefloxacin (LM&nd/or cefazolin (CFZ) with bovine serum alburfi@8A) was
studied by fluorescence quenching in combinatigh WW-vis spectroscopic method under simulativesjahggical
conditions. The fluorescence quenching constanitsling distance, and binding constants for BSA-L&X/or
CFZ systems were determined. The fluorescence himgnaf BSA by addition of LMF and/or CFZ is duestatic
guenching and energy transfer. The ratio of bindiegstants (k) for BSA-LMF to BSA—-CFZ equals to 22.41. In
the presence of CFZ (LMF), the binding distancB8A-LMF (BSA-CFZ) decreased from 4.44 to 2.45 n@d (b
1.48 nm), and the binding constant,(tof BSA-LMF (BSA—CFZ) increased from 1.21%1® 2.72x1¢ L mol™
(5.40x1CF to 1.20x1G L mol™). Two-coexisting CFZ and LMF may lead to the nésdmore doses to achieve
therapeutic effect. Circular dichroism spectra, syronous fluorescence, and three-dimensional flsoeace
studies showed that the presence of LMF or CFZdcohlinge the conformation of BSA during the bindiragess,
and the presence of coexisting LMF and CFZ couldnge the conformation of BSA further, here LMF was
reigning.
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INTRODUCTION

Protein—drug binding greatly influences absorptidistribution, metabolism and excretion propertiéstypical
drugs [1,2]. It is important to study the interaatiof drug with serum albumins at molecular le@#fazolin (CFZz)
is administered parenterally and mainly used aplpiactic agent for surgical procedures in childesrd adults.
Lomefloxacin (LMF)has wide antibiotic spectra, high activity, lowesigffect, and high clinical effect. Combination
of CFZ and some fluoroquinolones was suggestedpydve purpose for clinical treatment [3,4]. Protbinding
has long been considered one of the most impoptaysicochemical characteristics of drugs, playingogential
role in distribution, excretion and therapeuticeeffveness.

A few of protein binding studies of CFZ to bovinersm albumin (BSA) have been carried out by UVeatidhce
spectrophotometry [5], chemiluminescence method46H fluorescence method [7]. Effect of proteindimg on
the disposition of CFand cephalexin in a simultaneous perfusion systeratdiver and kidney was investigated
[8]. Several works have studied the interactionLMF and BSA using capillary electrophoresis [9,1@hd
fluorescence method [11,12]Recently,the synergism effect of LMF and ofloxacin for BSw# solution was
studied by spectroscopic techniques [13]. Howewvee of the major problems associated with measureiwie
fluorescent organic matter in natural samples ésitimer-filter effect (IFE)[14]. To our knowledgthe effect of
two-coexisting CFZ and LMF on pharmacodynamicseld@em studied for drug—serum albumin systems.

In this work, CFZ and LMF were selected as modelgdbecause of their clinical compatibility. Thisudy
examined, for the first time, the interaction bedweBSA and two-coexisting CFZ and LMF under near
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physiological conditions by the fluorescence quamgin combination with UV-vis spectroscopic method
EXPERIMENTAL SECTION

Reagents and chemicals

Commercially available bovine serum albumin (BSatatog no. A-7030, purity: 98%, Mx10M) was prepared by
dissolving an appropriate amount of BSA with 0.ITkik—HCI (pH 7.4) buffer solution, and kept in ttiark at 4 °C.
BSA working solutions were prepared by diluting 8teck solution with water. Cefazolin sodium wasghased
from the North China Pharmaceutical Co. Ltd (Skljiaang, China). A stock solution (1.0xi®) of CFZ was
prepared in water, and stored in refrigerator at’c4 Stock solution of LMF (1.0xI®M) was prepared by
dissolving the standards with 67 mM phosphate bufi¢l 7.4, | = 0.17). Working solutions were obtinby
dilution with the phosphate buffer from the corrasging stock solution. Tris—HCI buffer (pH 7.40)nsists of Tris
(0.1 M) and HCI (0.1 M), and NaCl solutigd.1 M) was used to maintain the ion strength.okiémicals were of
analytical reagent grade or better. Purified waters prepared by an XGJ-30 highly pure water machine
(Yongcheng purification Science & Technology Cad.L.Beijing, China).

Equipment

All fluorescence measurements were performed orF-§000 Fluorescence spectrophotometer (Hitachiardap
which was equipped with a 1 cm quartz cell andrttestat bath. The spectrum data points were cotlfcten 280
to 500 nm. The widths of the excitation and thession slit were both set at 5 nm. Fluorescence unea®nts
were carried out at room temperatures.

Circular dichroism (CD) spectra were obtained al&l0 circular dichroism chiroptical spectrometéh$CO Co.
Ltd, Japan). The absorption spectra were performeda TU-1900 double light Spectrophotometer (Bgijin
TAYASAF Science & Technology Co., Ltd, China) usiagl-cm quartz cell in the wavelength range of 2&0-
nm. All pH measurements were performed with a pl€38l meter (Shanghai, China).

Determination of fluorescence intensity

Five 10-ml clean and dried test tubes were taked,2aml of 0.5 M NacCl, 2.0nl Tris—HCI buffer (pH 7.40), 0.25
ml of 4.0x10° M BSA, and different volumes (0.5-2.5 ml) of LME 6FZ standard solution of 1.0xT0/ were
added in each test tube, and diluted to the maitk water. The concentration of BSA was 1.0%14, and that of
LMF or CFZ was 0.5, 1.0,1.5, 2.0, and 2.5%1d. Otherwise, using same method BSA test solutisitls CFZ or
LMF (1.0x10"M) were prepared, which contain 0.5, 1.0, 1.5, ar@j 2.5x1% M for LMF or CFZ. Sixth test-tube
containing only BSA solution at pH 7.4 was marked‘eontrol”. After mixing the solutions, these weallowed to
stand for 15 min for maximum binding of LMF (and@FZ) to BSA. The fluorescence intensity after ¢bherection
of inner-filter effect was calculated by the eqaati15]:F¢=FopseXp (2Ax+Y2Acn), WhereFqs is fluorescence
intensity measured before the correction of inilerfeffect, A, and A, are absorbancef quencher in the test
solution at excitation and emission wavelengthB®A, respectively. The corrected fluorescence sitgrwas used
for studying on the interaction of DEX-P and BSAtek corrected inner-filter effect, the fluorescenntensity Eo)

in the absence of quencher LMF (and/or CFZ) andltierescence intensityF] in the presence of quencher LMF
and/or CFZ were measured at a wavelengtieof 280 nm andiem 340 nm under temperature of 25°C for
estimating the interaction of LMF and/or CFZ wit®A.

RESULTS AND DISCUSSION

Fluorescence quenching mechanism
Fluorescence quenching refers to any process #duaedses the fluorescence intensity of a sampderd-il shows
the fluorescence spectra of BSA in the absencepeerknce of LMF and/or CFZ after corrected innieffieffect.

The fluorescence spectra of BSA show a broad batidmaximum at ~340 nm. It is observed that therfiscence
intensity of BSA decreases with increasing conediain of LMF or CFZ. The quenching degree of LMF to
fluorescence of BSA was higher than CFZ. Otherwilse, fluorescence spectra of LMF show a broad hitial
maximum at ~412 nm, its intensity increased witbré@asing concentration of LMF. The maximum fluosssme
emission of BSA underwent spectral shift from 3dB50 nm in the presence of LMF, and no spectrifl slas
observed in the presence of CFZ. The fluorescepeetim of BSA-LMF-CFZ system show similar spectighw
BSA-LMF system. The quenching degree of LMF plusZG& fluorescence of BSA was higher than LMF or CFZ
alone. It is suggested that an energy transferdeti.MFCFZ and BSA occurred.
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Fig. 1: Quenching fluorescence spectra of BSA-CF2A] and BSA-LMF (B) and BSA —-LMF (C) in the presenceof 1.0x10° M CFZ after
corrected inner-filter effect. BSA, 1.0x10°M; LMF or CFZ (x10 M) (a—f): 0, 0.5, 1.0, 2.0, and 2.5

The fluorescence quenching data are analyzed b$tdre—\Volmer equation [16]:

FolF = 1+KqTO[Q] = 1+ [Q] 1)

whereF, and F are the fluorescence intensity in the absencepmagence of quencher, respectivédy. is the
quenching rate constantis the fluorescence life time of biopolymer BSA=108s)[17], Ksy and Q] are the
Stern—Volmer quenching constant and concentratiajuencher, respectively. In this work, the Sterolhér plots

of Fo/F vs concentration of LMF and/or CFZ were obtaingétle estimated values of kinetic data along with
correlation coefficient are given in Table 1.

Table 1 Quenching reactive parameter of BSA-LMF ad/or CFZ systems at 25°C

System Equation r Kq(L- mol*-s?)  SD(10°L- mol*-s?)
BSA-CFZ Y=1.005+1.276x1fX  0.9942 1.28x10° 0.021
BSA-LMF-CFZ Y=1.013+1.257x1¥% 0.9939 1.26x10° 0.015
BSA-LMF Y=1.004+2.646x1X  0.9988 2.65x10¢ 0.053
BSA-CFZ-LMP  Y=1.001+2.503x1{X 0.9973 2.50x10¢ 0.062

a, LMF, 1.0x107 M; CFZ: 0, 0.5, 1.0, 1.5, 2.0, and 2.5xT0
b, CFZ. 1.0x107M; LMF: 0, 0.5, 1.0, 1.5, 2.0, and 2.5xTav

Obviously, the rate constaritg of the tested four systems are greater than thénmian scatter collision quenching
constants of various quenchers with the biomole(@i@x10°L- mol™ s%)[18], which suggests that the quenching
is not initiated by dynamic quenching but by stafieenching resulted from the formation of a compha shift in
emission wavelength of BSA was observed in thegmes of CFZ, it is due to that the complex of B £FZ
has no fluorescence characteristic. The shift imssion wavelength from 340 to 337 nm for BSA indésathe
formation of complex with fluorescence characteriby binds of LMF with BSA sites.

Binding constant and binding site number
For static quenching, the following equation wasduo calculate the binding constant and binditesdil9,20]:

log[( Fo—F )/F 1= logK, + n log[Q] (2)

whereK, andn are the binding constant and binding site numiespectively. The plots of logH{F)/F] vs log [Q]
presented in Fig. 2 are linear. Binding const&y) @nd the binding site number (n) could be caled&dtom the
intercept and slope.

The obtained binding constalit and binding site number n werg.40+0.056)x16L mol™and 0.70 for BSA—CFZ,
(1.21+0.021) x1bL mol*and 0.93 for BSA-LMF, (1.20+0.012)x10 mol*and0.78 for BSA-LMF-CFZ, and
(2.72+0.040)x16L mol™ and 1.01, respectively. Th& value in this work was in the middle of the litene values
[5-7, 9, 10, 13]. There was stronger combinatiotioacbetween LMF (and/or CFZ) and BSA. THKg ratio of
BSA-LMF to BSA-CFZ equals to 22.4, showing highénding of LMF to BSA than CFZ. It is shown that
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concentration of free CFZ in blood is higher thaMHA. The K, ratio of BSA-CFZ-LMF system to BSA-LMF
system equals to 2.25, suggesting that free LMBlaod in the presence of CFZ decreased. Kheaatio of
BSA-LMF-CFZ to BSA-CFZ equals to 2.22, suggesthmt free CFZ in blood in the presence of LMF deseea
The results showed that there was a contradicttefibe LMF to binding of CFZ with BSA and for CF5 hinding
of LMF with BSA. This may lead to the need for madieses of LMF and CFZ to achieve therapeutic effect

a r=2.732+0.70% r=0.3936
b I=4.083+0.93X r=0%%70

C ¥=3.079+0.78x r=0999% /
O o r=4435+101x r=038973

-
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Fig. 2: Plot of log[(Fo—F)/F] versus logR)] at 25°C
a—BSA-CFZ; b—BSA-LMF; c—BSA-LMF-CFZ (LMF, 1.0x107M; CFZ: 0, 0.5, 1.0, 1.5, 2.0, and 2.5xF0\); d—BSA-CFZ-LMF (CFZ
1.0x107M; LMF: 0, 0.5, 1.0, 1.5, 2.0, and 2.5xTM)

Energy transfer from BSA to CFZ/LMF

Fluorescence resonance energy transfer is an imotechnique for investigating a variety of biotad
phenomena including energy transfer processes [A&fe the donor and acceptor are BSA and CFZ/LMF,
respectively. It was observed that there is spkotrarlap between fluorescence emission of BSA alpsbrption
spectra of LMF and CFZ in the wavelength range6fi~500 nm, as shown in Fig. 3.
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Fig. 3: Quenching fluorescence spectra and UV absation spectra. A: a—fluorescence spectrum of BSA, b-fluorescence spectra of
BSA-LMF, c—absorption spectrum of CFZ B: a—fluorescence spectrum of BSA, b-fluorescence spectra of BSA-CFZ,-e-absorption
spectrum of LMF; BSA, CFZ, and LMF: each 1.0x16° M

The fluorescence emission (330 nm) of BSA—CFZ smhuat an excitation wavelength of 280 nm is fro®Bonly
since CFZ is a non-fluorescence drug molecule. Heweat this wavelength CFZ has weak absorptiore Th
fluorescence emission (337 nm) of BSA-LMF solutidran excitation wavelength of 280 nm is from thenplex

of BSA and LMF, which is a fluorescence moleculewsdver, at this wavelength LMF has stronger abgmmptt
suggested the possibility of fluorescence resonaneegy transfer from BSA to LMZ/CFZ molecules alugion.

The region of integral overlap is used to calcuthtecritical energy transfer distandg)(between BSA (donor) and
CFZ/LMF (acceptor) according to Foster’s non-radtoe energy transfer theory using Forster’'s equei9, 22].

Based on this theory, the efficiendy)(of energy transfer between donor (BSA) and acrefFZ/LMF) can be
calculated by Equation:

E=RY(R+ 1°) 3)
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Where, r is the binding distance between donor atmkptor, andR, is the critical binding distance. When the
efficiency €) of energy transfer is 50%, can be calculated by Equation:

R,2=8.8x10%4n*®pJ (4)

Where, theld is the spatial orientation factor of the dipais the refractive index of mediundy, is the quantum
yield of the donor in the absence of acceptor Aigdthe overlap integral of the emission spectridrthe donor and
the absorption spectrum of the acceptor. Than be calculated by Equation:

J = YFWe(MA AU F (L) A (5)

Where,F(}) is the fluorescence intensity of the fluoresceohor of wavelengthi, ¢()) is the molar absorption
coefficient of the acceptor at wavelength/n the present cask?, n and @y, are 2/3, 1.336 and 0.118, respectively
[23].

The efficiency E) of energy transfer can be determined by Equation:
E=1-F/F, (6)

Where,F, andF are the fluorescence intensities of BSA solutiorthe absence and presence of DES, respectively.
From the overlappin&, was found based on Eq. 4 uskg= 2/3,n = 1.336 andb, =0.118 (tryptophan residue) for
the aqueous solution of BSA.andE could be calculated from Eq. 5 and Eq. 6, respelgti At the same time, the
binding distance (r) between BSA and LMF/CFZ isaifi¢d by Eq. 3. Their values are listed in Table 2.

Table (2) Energy transfer parameters for the interations of the drugs with BSA at 25 °C

System E(%) J/cm’Lmol? Ry/nm r/nm
BSA-CFZ 12.1 3.97x10" 1.40 1.94
BSA-LMF-CFZ  40.4 3.31x10%* 1.39 1.48
BSA-LMF 34.1 6.81x10% 2.3 4.44
BSA-CFZ-LMP  40.6 6.80x10% 2.3 2.45

a, LMF, 1.0x10"M; CFZ :0, 0.5, 1.0, 1.5, 2.0, and 2.5xTM
b, CFZ, 1.0x10"M; LMF : 0, 0.5, 1.0, 1.5, 2.0, and 2.5xT0

For BSA-CFZ in the presence of LMF the critical diimy distance (R did not change, but the binding distance (r)
decreased from 1.94 to 1.48 nm, and the efficiefif)yof energy transfer increased from 12.1 to 40.4%r.
BSA-LMF in the presence of CFZ the critical bindidigtance (R did not change, but the binding distance (r)
decreased from 4.44 to 2.45 nm, and the effici€g\of energy transfer increased from 34.1 to 40.6%ese data
indicate that the nonradiative energy transfer fBB&A to CFZ/LMF occurred, with high possibility. ik suggested
that the bindings of CFZ/LMF to BSA molecules weayecurred through energy transfer, which quenched th
fluorescence of BSA molecules, showing the presehstatic quenching interaction between BSA an@/CMF.

Effect of CFZ and/or LMF on the conformation of BSA
Circular dichroism studies. Circular dichroism (CD) is a sensitive techniquertonitor conformational changes in
protein structur§24]. CD spectra of BSA, BSA-LMF, BSA-CFZ, and BSBFZ-LMFare shown in Fig. 4.

CD(mdeg)

T T T T T T T T
200 205 210 215 220 225 230 235 240

Adnm
Fig. 4: CD spectra of (a) BSA, (b) BSA-LMX, (c) BSACFZ, and (d) BSA-CFZ-LMX systems. BSA,1.0x16M; LMX, 5.0x107°M; CFZ,
5.0x10°M

339



Hanwen Sunet al J. Chem. Pharm. Res., 2014, 6(10):335-342

In BSA spectrum, there are negative peaks in thraviblet region, one at 209 nm and the other & 2@, which
are characteristic of the-helical structure of a prote{25]. Trynda-Lemiesz et al. explained that bothtloé

negative peaks between 208-209 and 222-223 nmilgotgrto the transfer for the peptide bond of dHeelix[26].

In the presence of LMX, the intensity of both thegative peaks increased, proving the change ofithelical

structure of BSA due to the formed complex of BSA 4 MX. Change of the secondary structure of BSAseal
the fluorescence quenching. However, the shapgasition of the peaks did not obviously change. Thespectra
of BSA in the presence and absence of CFZ and/LM abserved to be similar in shape, indicating that
structure of BSAis also predominantiyhelical[27].

Synchronous fluorescenceSynchronous fluorescence is a kind of simple anmbisee method to measure the
fluorescence quenching. Whe. is 15 nm, synchronous fluorescence is charadtea$ttyrosine residue, while
when AX is 60 nm, it provided the characteristic inforroatiof tryptophan residues [28]. In this work, the
synchronous fluorescence spectra of tyrosine resaha tryptophan residues in BSA with addition &2Cand/or
LMF were observed, as shown in Fig. 5. When wagtlemntervalAZ is 15 nm, the spectrum characteristic of

tyrosine residues in BSA was observed. Whén 60 nm, the spectrum characteristic of tryptoptesidues in BSA
was manifested.
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Fig. 5: Synchronous fluorescence of BSA—-LMF and BSEFZ in the absence (solid line) and presence (dasthline) of CFZ or LMF. BSA,
1.0x10°M in all cases; CFZ, LMF (10° M), a—f: 0, 0.5, 1.0, 1.5, 2.0, and 2.5; BSA-LMF in thergsence of CFZ (1.0x10M); BSA-CFZ
in the presence of 1.0x18M LMF

When the drug CFZ was gradually added, the fluenese intensity decreased regularly, and the maak jpé
tyrosine residuesA¢= 15 nm) and tryptophan residuesi£60 nm) in BSA did not change. It is indicated ttet
presence of CFZ did not change the conformatioB®A. It is also shown that the microenvironmentusue the
tyrosine residue and tryptophan residue did nonhghaduring the binding process. In the presenceM¥¥, the
fluorescence intensity of both tyrosine residues yptophan residues decreased regularly witheesing in CFZ
content, and the main peak of tyrosine residigs (L5 nm) was red-shifted slightly (1 nm), and thainmpeak of
tryptophan residues\{= 60 nm) was not red-shifted. When the drug LMF wesdually added, the main peak of
tyrosine residues\¢= 15 nm) in BSA was red-shifted (2 nm), but the mya¢ak of tryptophan residuesié 60 nm)
was blue-shifted (3 nm). It may be due to the cleangf tyrosine and tryptophan residues microenwiemt with
the insertion of LMF. In the presence of CFZ, tlmilsr results were gained. Above result indicathdt the
presence of coexisting LMF and CFZ could changetitdormation of BSA, here LMF was reigning.

Three-dimensional fluorescence studie3.he three-dimensional fluorescence spectrum ishangiowerful method

for studying conformation change of BSA. In this rigothe three-dimensional fluorescence spectra A B
BSA-CFZ, BSA-LMX, and BSA-CFZ-LMX systems were alysel, as shown in Fig. 6.
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Fig. 6: Three-dimensional fluorescence spectra of) BSA, (b) BSA-CFZ, (c) BSA-LMX and (d) BSA-CFZ—LMX systems. BSA, 1x18
M, CFZ, 2.5x10°M, LMX, 2.5x107°M

From Fig. 6, peak 1Aéxem = 275.0/340.0 nm) reveals the spectral chaiatiteof tryptophan and tyrosine
residues. After the addition of CFZ or LMX in BStie fluorescence intensity of BSA decreased fro®.1.%0
103.6 or to 67.55, and the maximum emission wagthenf BSA was shifted. In addition, fluorescenpecrum
(peak 3) of LMX was observed. After the addition@FZ and LMX in BSA, peak 1 could not be observee tb
serious fluorescence quenching. This suggests s getar environment of both residues and almosttted
hydrophobic amino acid residues of BSA were buimeithe hydrophobic pocket. Less polar environmee&ans that
the binding position of LMX and/or CFZ with BSA lated within this hydrophobic pocket, the additidrntteem
changed the polarity of this hydrophobic microeamment and the conformation of BSA [29]. In Fig.p@ak 2
(Arexem=225.0/345.0 nm) reveals the fluorescence spbetravior of polypeptide backbone structures, wisch
caused by the transition afr* of the characteristic polypeptide backbone stieiC=0of BSA[29].

After the addition of CFZ and/or LMX, the fluoresme intensity decreased and the maximum emissioelaagth
of BSA was shifted. These revealed that the miormenment and conformation of BSA were changedhe t
binding reaction. The interaction of CFZ and/or LMith BSA induced the unfolding of the polypeptidd®ins of
BSA and conformational change of BSA.

CONCLUSION

All the results indicated that the fluorescencergiéng of bovine serum albumin by lomefloxacin amdiefazolin
is a static process. In the presence of cefazolilmrmefloxacin, the interaction of lomefloxacin oefazolin with
bovine serum albumin increased markedly. This reayl ito the need for more doses of lomefloxacincaidzolin
to achieve therapeutic effect. The conformatiorbovine serum albumin has been changed with thetiaddif
lomefloxacin or lomefloxacin—cefazolin. The resudse of great importance in pharmacy, pharmacolagg
biochemistry, and are expected to provide imporasight into the interactions of the physiologigamportant
protein BSA with drugs.
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