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ABSTRACT

In human physical conditions, the interaction of topiramate amyl cephalosporin cefotaxime (TACC) with bovine
serum albumin (BSA) and the effects of coexistent drugs and metal ions were investigated by fluorescence
spectroscopy. Results showed that the effect between TACC and BSA was static fluorescence quenching process, and
the electrostatic attraction plays an important role in the conjugation reaction of BSA and TACC. Coexistent
contents such as ampicillin, gentamicin, streptomycin, neomycin, kanamycin, thiamphenicol, erythromycin, acetyl
spiramycin, sulfamethoxazole, penicillin G sodium salt, cefotaxime sodium, cefoperazone sodium, as well as Zn**,
Co*. Ni**, Fe* and Mg® have no effects on the binding of BSA-TACC system, but a bit of Cu?*, moxifloxacin,
ciprofloxacin, norfloxacin, chloramphenicol could disturb the stability of BSA-TACC system, making the
fluorescence intensity changed a lot.
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INTRODUCTION

Serum albumins, the most abundant plasma protagtisas a transporter for a range of insoluble eadogs and
exogenous compounds [1-2]. As the major solubleepmaconstituents of the circulatory system, thayeén many
physiological functions. Many drugs and other bib&csmall molecules bind reversibly to albumingB; they

could bind with serum albumin mostly through thenfation of a stable complexes reversibly. The drtmiein

complex may be considered as a form of drug inbibéogy temporary storage, it can effectively avdidig was
eliminate from metabolism so quickly that it canimtain the total concentration and effective cornraions of

blood medicine in plasma. Therefore, interactioraafrug with, and competition for, the binding siten plasma
proteins might strongly affect its distributioningination, as well as its pharmacodynamics andctproperties [6].
Studies on the binding of drug with protein wilt#litate interpretation of the metabolism and tgorsing process
of drug, and will help to explain the relationshiptween structures and functions of protein.

Topiramate amyl cephalosporin cefotaxime (TACOnember of the latest class of broad-spectrum ceppatins,

is characterized by a high degree of stability msfanydrolytic bacterial enzymes. It has been diagsas a fourth
generation cephalosporin and is considered to fklyhiactive against most of the Gram-negative bactd his
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antibiotic does not harm anaerobic bacteria, hepege the intestinal flora, unlike other antibistj¢]. At present,
the molecular interactions between BSA and mangslhave been investigated successfully in bio-naédicmain
[8-14]. However, the interaction between TACC an8ABhas not been investigated, especially the effett
common ions and coexistent drugs on the bindirdrads to BSA. In this study, the interaction of TB@ith BSA
is investigated by fluorescence spectroscopy akasehe effects of common ions and coexistentgriligis study
is expected to provide important insight into tlssence, potential toxicity between drugs and pndtereal terms,
and can also provide a useful clinical referenedifture combination therapy.

EXPERIMENTAL SECTION

Apparatus

All fluorescence spectra were recorded with a SdznaRF-540 spectrofluorophotometer and a HitacH560
spectrofluorophotometer. Absorption was measureth vein UV-vis recording spectrophotometer (UV-265
Shimadzu, Japan). All pH measurements were madeamviHS-3C precision acidity meter (Leici, Shanghail
temperatures were controlled by a CS501 super-theeéer bath (Nantong Science Instrument Factory).

Materials

Topiramate amyl cephalosporin cefotaxime (TACC) wasained from Monitor of Chinese Veterinary Medii

(no less than 99.9% pure). Bovine serum albuminAB&o less than 99% pure) was purchased from Sigma
Company. Warfarin (WF), ibuprofen (IB) and digitax{iDG) were all obtained from Chinese InstituteDotig and
Biological Products. Stock solutions of BSA (1.0%1@ol L") and TACC (2.0x18mol L) were prepared. And all
the stock solutions were further diluted as worlsotutions prior to use. All the common antibiotwsre diluted to
1.0x10°mol L™ and all the metal lons were diluted to 1.0%h@bl L™. Tris-HCI buffer solution containing NaCl
(0.15 mol L) was used to keep the pH of the solution at NI solution was used to maintain the ionic stteng

of the solution. All other reagents were of analgtigrade and all aqueous solutions were prepaitd ngwly
double-distilled water and stored at 277K.

Procedures

Fluorescence quenching experiments

In a typical fluorescence measurement, 1.0 mL o&@FHI0 Tris-HCI, 1.0 mL of 1.0xI®mol L BSA solution and
different concentrations of TACC were added intdGamL colorimetric tube successively. The samplesew
diluted to scaled volume with water, mixed thoroygby shaking, and kept static for 20 min at diéer
temperatures (298, 308 and 318 K). Excitation wervgth for BSA was 280 nm, excitation and emisslamadths
set at 5 nm. The solution was subsequently scammethe fluorophotometer and determined the fluaesc
intensity at 343 nm. The fluorescence intensit3B8A without TACC was used &%. Meanwhile, the fluorescence
intensity of compound was usedfms

Probe displace experiments

At 298 K, different concentrations of probe drug \(éF IB, DG) were added to the mixture of TACC-BSystems.
The molar ratio of TACC and BSA was kept at 5:1d dne of concentration of BSA is 1.0x20nol L. The
mixtures were diluted to scaled volume with wataixed thoroughly by shaking, and kept static forr2id. The
excitation wavelength for BSA was 280 nm, with tbrcitation and emission slit widths set at 5 nmeTh
fluorescence intensity of BSA only with TACC wasedsasF, to study the quenching effect of probe drugs to
TACC-BSA system.

RESULTS AND DISCUSSION

Fluorescence quenching spectra of BSA-TACC system

Figure 1 shows the fluorescence spectra of BSAénpresence of different concentrations of TACGs Ishown
that BSA has a strong fluorescence emission peaR48 nm with excitation wavelength of 280 nm. The
fluorescence intensity of BSA gradually decreased there was almost no shift of the emission wangile as
increasing the concentration of TACC, indicatingttthere was the interaction between TACC and BE#e
guenching mechanism of the interaction between B84 TACC was initiated by complex formation, ané th
microenvironment of BSA was changed during the inigdeaction.
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Fig. 1: Fluorescence spectra of BSA-TACC systeniT =298K)

Cgsa=1.0x10° mol L%, 1~15Cracc =(0.0, 0.2, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 8.0, 8.0, 9.0, 10.0, 12.0, 14.0,
16.0, 18.0)x10 mol L% /¢, =280 nm.

Fluorescence quenching mechanism of BSA-TACC system

Fluorescence quenching can occur by different mashes, it may be dynamic quenching, resulting frima
collisional encounter between the drug and protein,static quenching, resulting from the formatioh a
ground-state complex between the drug and profeie. Stern-Volmer equation is often applied to déscthe
fluorescence quenching and analyze the quenchicganém [15]

Fol F =1+ K 7,[L] =1+ K [L] (1)

whereF, andF are the fluorescence intensities in the absendepegsence of ligand, respectivetyisthe average
lifetime of fluorescence without ligand, which i®aut 10° s. K, is the Stern-quenching constaft, is the
guenching rate constant of biomolecule, abfi$ the concentration of the ligand. Based onlthear fit plot of
Fo/F versus [], the K, values can be obtained. The calculated results wleown in Table 1. Higher temperature
would result in faster diffusion and typically tdessociation of weekly bound complexes, leadingatger amount
of dynamic quenching and smaller amounts of statienching, respectively [7]. In this part, the eduwfK,
decreased with the increase in temperature fayatems, which indicated that the probable quegchiachanism
of the interaction between BSA and TACC was ingtiaby complex formation rather than by dynamicisiah
[16]. In addition, all the values &, were much greater than the maximum scatter cafligieenching constant of
various quenchers (2x10L mol* s) [15], this also suggested that the quenching mechanisma static process
[17].

Table 1: Quenching reactive parameters of BSA an@ACC at different temperatures

T/K K/ (Lmol?s?h r Ko/ (Lmoltsh n r
298 2.14x1¥ 0.9958 2.65x1D 1.17 0.9961
308 2.08x1# 0.9969 2.44x10 111 0.9989
318 1.99x18 0.9978 2.31x1D 1.06 0.9997

riisthelinear relative coefficient of Fo/F ~[C]; r.isthelinear relative coefficient of log(Fo-F)/F ~log{[ D] -n[ B] (Fo-F)/Fo}. Kqis the quenching
rate constant; K,isthe binding constant; n isthe number of binding site.

Binding constant and number of binding site of BSAwith TACC

For static quenching process, the relationship eéeinnthe fluorescence intensity and the concentratiaquencher
can be usually described by derived Eq. (2) [18}litain the binding constari{) and the number of binding sites
(n) in most paper:
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Iog( FOF_FJ =nlogK, +n|og{[Dt]—n FOF_F [Bt]} )
0

where Py and B are the total concentrations of TACC and protedgspectively. On the assumption thah the
bracket is equal to 1, the curve of IBg)/F versus log{P-[B](Fo-F)/Fq} is drawn and fitted linearly, then the
value ofn can be obtained from the slope of the plot. Ifnthealue obtained is not equal to 1, then it is Sulisd

into the bracket and the curve of 1I6g{)/F versus log{D-n[B](F¢-F)/Fg} is drawn again. The above process is
repeated again and again tillobtained is only a single value or a circulatiredue. Based on the obtained the
binding constanK, can be also obtained. In the work, a calculati@mgmmm was developed. The calculation process
can be finished with calculator based on the sirpptggram and the calculating results can be obdairyeinputting

F, [D{] and B]. The calculated results were shown in Table 1.sAen in Table 1, The order of magnitude of
binding constantsk(,) was 10 indicated the existence of strong interaction leeftwBSA and TACC. Meanwhile,
the values oK, decreased with the increasing temperature, fughggested that the quenching was a static process
[19], hence it led to the reduced of the stabibitypinary systems.

Type of interaction force of the binary systems

In order to elucidate the interaction between draigd BSA, the thermodynamic parameters were caémiifiom
the Van't Hoff equation. Generally, the interactiorces between the small drug molecule and biokdgi
macromolecule include hydrogen bond, Van der Whalse, electrostatic interactions and hydrophobicé, etc
[20]. Ross and Subramanif2il] have characterized the sign and magnitudehefthermodynamic parameter,
enthalpy changeAH), free energy AG) and entropy change\$) of reaction, associated with various individual
kinds of interaction. The reactiohH and AS can be regarded as constant if the temperatunegekalittle. The
thermodynamic parameters can be calculated onatis bf the following equation:

RINK =AS-AH/T ©)
AG = AH -TAS (4)

NegativeAH and positiveASindicate electrostatic interaction plays a majde o the binding reaction. PositiveH
and AS are generally considered as the evidence for aypigdrophobic interactions. In addition, Van deaalé
force and hydrogen bonding formation in low dieliectnedia are characterized by negatht¢ andAS[22].

According to the binding constants, of TACC to BSA at different temperatures above hf€al), the
thermodynamic parameters were obtained convenientigrefore, the values dfH, AS and AG were -4.64 KJ
mol?, 69.1 J mot K?, -25.1 KJ mof (T =298 K), respectively. The negative valueAss clarified an automatic
reaction between TACC and BSA. The negative vafuakb and positive value oAS showed that TACC mainly
bound to BSA by the electrostatic attraction.

Identification of the binding sites of TACC on theBSA

BSA comprises three homologous domains that assemsbform a heart-shaped molecule. Each domain is a
product of two sub-domains that possess commorrttatal motifs. The principal regions of ligand bing to
human serum albumin are located in hydrophobictiesvin sub-domains IIA and IlIA, which exhibit siar
chemistry [23]Site marker fluorescent probes are useful for rageatification of drug binding sites [24]. In orde

to estimate the drug binding sites on BSA, Sudlowlehas been proposed the percentage of probhacespent
method using the following equation [25]:

probe displaceme nt(%) = F, / F, x100 )5

The molar ratio TACC:BSA was kept 5:1, while thaffatent concentrations of various probe drugs eaehe
added into it. In the study of the substitutionctemn, F; andF, are the fluorescence intensities in the absende an
presence probe drug. In this paper, we have carsld&/F, IB and DG as probe drugs which bind speslify to
sites |, Il and Ill, respectively. The processesutts were shown in Figure 2 by Eq.(5).
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Fig. 2: Effect of site maker probe on the fluoresence intensities of BSA-TACC systemT(=298 K)
Cracc = Casa= 1.0x10°mol L™; Co= (0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0)710°mol L™*
[Q]: AWF;miIB; ¥ DG;Ac, =280 nm;

As seen in Figure 2, relative fluorescence int@ssitiecreased obviously with increasing conceomatif WF
whereas it almost kept constant with the addintBofind DG. It indicated that TACC was pronouncedilsplaced
by WF rather than IB or DG, hence it could be irddrthat the binding site for TACC was site | whiobated in
sub-domain Il1A of BSA (as show in figure 3).

Fy
Fig. 3: Schematic drawing of the BSA molecule. Sutlomains are marked with IA, IB, IIA, IIB, llIA and IlIB, respectively

Effects of common ions and coexistent drugs on th®nding of TACC and BSA

According to this method about the percentage ob@replacement method described above, we hageae tdsays
to study the effects of some common ions and atiis on the binding of BSA-TACC system. The maiatio
TACC:BSA was kept 5:1, while the concentration &Bwas 1x16 M. F; andF, are the fluorescence intensities
in the absence and presence antibiotice. It suppibsd there was no effect on the binding of BSACKAsystem
when the value ofF,-F,)/F;was less than +5% by Eq. (5), that was, this astit® could coexist with TACC. The
calculated percentage of coexist drugs replacefmght were shown in Table 2. The results showed thattitd€s

of ampicillin, gentamicin, streptomycin, acetyl gpnycin, sulfamethoxazole, 10 times of penicilli,s@dium salt,
Zn®*, Cd*, Ni**, 8 times of F&, 5 times of M§", cefotaxime sodium, cefoperazone sodium could isbexth
TACC, but 1 time of C, moxifloxacin, ciprofloxacin, norfloxacin, chloragshenicol could disturb the stability of
BSA-TACC system, making the fluorescence intensihanged a lot. It might result that quinolone and
chloromycetin drugs have strong ability to bindBA, hence, there were certain competition amoegntfor the
protein.
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Table 2: The percentage of coexist drugs replacemieon the binding of BSA-TACC system

Coexist drug Ca/mol LT FolFy(%) Coexist drug Ca/mol L FulFy(%)
penicillin G sodium salt  1.0x10° 97.18 cefoperazone sodium 5.0%10 95.74
ampicillin 1.0x10' 98.59 5.0x16 46.83
gentamicin 1.0x16 97.82 norfloxacin 1.0x19 99.46
streptomycin 1.0x16 96.92 2.0x18 54.50
neomycin 1.0x10 103.21  moxifloxacin 1.0x19 95.50
kanamycin 1.0x16 98.97 1.0x18 50.92
acetyl spiramycin 1.0x1D 99.69 ciprofloxacin 1.0x19 88.96
erythromycin 1.0x10 97.18 2.0x18 48.81
sulfamethoxazole 1.0x10° 97.18 Mdg* 5.0x1C° 98.04
thiamphenicol 1.0x16 10192 F& 8.0x1(° 95.69
chloramphenicol 1.0x10° 96.51 zZR* 1.0x10° 100.26

5.0x10° 47.35 cé' 1.0x10° 95.29
cefotaxime sodium 5.0x10 99.60 NF* 1.0x10° 96.86
8.0x10° 50.39 cg' 1.0x10° 101.05

4.0x10 62.09
Cq isthe concentration of coexist drug; F, and F; are the fluorescence intensities in the absence and presence coexist drug.

The competition would lead to binding const&qt changed spontaneously. The fluorescence intep$igSA
reduced to 50% when there were 80 times of cefotaxisodium, 50 times of cefoperazone sodium,
chloramphenicol, 20 times of ciprofloxacin, norfemin and 10 times of moxifloxacin in this systemhiet
indicated that these coexistent drugs have disgltiee combination of TACC and BSA. The competittmuld also
affect the stayed-time from the blood, as well Esma concentration and effective concentratiomingpeffects

on the efficacy of drugs when these antibioticsxesiewith TACC on the binding reaction of BSA. Hoves,
aminoglycosides, macrolides, sulfonamides and gimécantibiotics have no effects on the binargtgyn, that is,
those antibiotics will not affect the transportatiof TACC though BSA when they coexist with TACQ\daalso
have no effects on the efficacy of TACC.

CONCLUSION

The interaction through electrostatic force betw€A&CC and BSA was studied by using fluorescencetspscopy
at different temperatures. The experiment alsoistuthe effects of common ions and coexistent doumgtghe binary
system of BSA-TACC. This study is expected to pdevimportant insight into the essence, potentiaicity

between drugs and protein in real terms, and cam @lovide a useful clinical reference for futummbination
therapy.
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