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ABSTRACT

I nteraction mechanism of cefoperazone sodium (CFP) and ofloxacin (OFX)
with bovine serum albumin (BSA) at different temperatures by fluorescence
spectrometry method was studied. Results showed that CFP or OFX could
quench the fluorescence of BSA. The fluorescence would quench to alarger
degree when OFX (or CFP) was added to the system of BSA-CFP (or BSA-
OFX). The quenching mechanism of the combination for BSA and drugswas
astatic procedure. The number of binding sitesis 1 in various systems. The
valuesof n,, were approximately equal to 1. It was proved that theinteraction
between CFP and OFX simultaneoudy bound to BSA waswesker and almost
no cooperativenessoccurred. The site markerscompetitive experimentsindi-
cated that the binding of CFP and OFX to BSA primarily took placein sitel.
Thermodynamic parameterswere al so used to identify the forcetype of drugs
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INTRODUCTION

Serum abuminsarethe most abundant proteinsin
thecirculatory system of awidevariety of organisms,
being themaj or macromol ecul e contributing to the os-
motic blood pressure. In addition to blood plasma, se-
rum albuminsarea so found intissuesand bodily se-
cretionsthroughout the body; the extravascular protein
comprises 60% of thetotal abumin™. Serumabumin
servesasatransport and depot protein for numerous
endogenous and exogenous compounds. Asthe phar-
macokineticsand clinica pharmacology are develop-
ing rapidly, people have better understandingson the
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influences of binding of drugsand protein on pharma
cokinetics. Thus, research on theinteractions between
drugsand BSA isvery important not only to clarify the
transportation and metabolism process, but alsoinil-
lustrating the mechanism, pharmacokinetics and toxic-
ity of drugs. In the past decades, researches on the
interaction between drugsand BSA using fluorescence
method have beenintensively reported3. However,
most of thoseresearchesare of singledrug with BSA
only. However, peoplesare usually using two or more
kindsof drugsin clinical practice, so the existence of
theinteraction between drugshaveinevitable.

Bovine (BSA) and human (HSA) serum abumin
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tertiary structureissimilar in 76%. Inthiswork, bovine
serumabumin (BSA) issdlected asour protein model
because of itsmedicaly important, low cogt, ready avail-
ability, unusud ligand-binding properties®, andthere-
sultsof al the studiesare consistent with thefact that
human and bovine serum abuminsare homol ogous pro-
teins. Crystad structureof BSA isaheart-shaped hdlica
monomer composed of three homol ogous domains
named |, Il and 11l and each domainincludestwo sub-
domainscaled A and B toformacylinder™. Theprin-
cipa regionsof ligand-binding stesonabuminarelo-
catedin hydrophobic cavitiesin sub-domainslIA and
[1IA, which exhibit Smilar chemical properties®. These
two binding cavitiesareaso referred to sitesl, |1 and
Il (sitel in sub-domain I1A, sites |l and 111 in sub-
domain [IIA)7. Inorder toidentify thebinding siteon
BSA, sitemarker competitive experimentswere car-
ried out, using drug which specially bind to aknown
site or region on BSA. From X-ray crystallography
studies, warfarin® has been demonstrated to bind to
the sub-domain I1A whileibuprofen® and digoxin“?is
considered as 1A binder sitell and sitelll, respec-
tively. Theninformation about the PS-BSA binding Site
can be gained by monitoring the changesin fluores-
cence of PSbound BSA that brought about by site |
(WF), sitell (IB) and sitelll (DG) markers.

Cefoperazone sodium(CFP) isasemi-synthetic 3rd
generation cepha osporin effectiveagaingt awiderange
of aerobic and anaerobic gram-positiveand gram-nega-
tive bacterid™. Ofloxacin (OFX) belongsto thethird
generation synthetics of quinolonesagainst bacterid*?.
Theinvestigation of CFPand OFX simultaneoudy bind-
ing with BSA was performed by fluorescence spectra,
and the cooperativity between drugswas quantitatively
investigated by Hill’s coefficients, to provide a theoreti-
cal basisfor research of drugs pharmacol ogy, combi-
nation therapy and rational usage of drugs.

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded using
Shimadzu RF-540 spectrofluorophotometer and Hitachi
F-4500 spectrofluorophotometer. Absorption was
measured with an UV-visrecording spectrophotom-
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eter (UV-265 Shimadzu Japan). All pH measurements
weredonewithapHS-3C precisonacidity meter (Leid,
Shanghal). All temperatureswere controlled by CS501
super-heated water bath (Nantong Science Instrument
Factory).

Reagents

BSA waspurchased from SigmaCompany (noless
than 99% pure). Cefoperazone Sodium (CFP) and
ofloxacin (OFX) which were obtained from Chinese
Institute of Drug and Biologica Products. Stock solu-
tions of BSA (100 umol/L), CFP (5.0 mmol/L) and
OFX (5.0 mmol/L) were prepared. The stock solu-
tionswerefurther diluted asworking solutions prior to
use. Tris-HCI buffer (50 mmol/L, pH=7.40), which
contains 0.2 mol/L NaCl solution, was prepared. All
other reagentswere of analytical reagent gradeand all
agueous sol utionswere prepared with newly double-
distilled water and stored at 277 K.

Under some conditionsthefluoresced light isab-
sorbed by quenching groups on neighboring substrates
or cleaved product molecules so that only afraction of
thefluoresced light impingesupon thedetector system
of thefluorometer. This phenomenonisknown asthe
inner filter effect. Thefluorescenceintensitieswere cor-
rected for absorption of exciting light and reabsorption
of theemitted light to decrease theinner filter effect
using therel ationship™
Foor = Fops x e hem)?? (1)

WhereF _ andF_arethefluorescenceintensties
corrected and observed, respectively. A_ and A_ are
the absorption of the system at the excitation and the
emissionwaveength, respectively. Theintengty of fluo-
rescence used in this paper wasthe corrected fluores-
cenceintengty.

Theeffect of BSA with singledrug (BSA- CPF or
OFX)

At 293, 303 and 308 K, 1.0 mL 10 umol/L BSA
agueous solutionwas added into a10.0 mL colorimet-
rictube, followed by 1.0 mL Tris-HCI buffer solution
and acertainamount of 200 umol/L CFPor OFX aque-
ous solution. Themixturewasdiluted to 10.0 mL with
digtilled water and then shaken harmonioudly. After a
20 min lay-asideat experiment temperatures, fluores-
cence measurementswerecarried out at 344 nmkeeping
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the excitation wavel ength at 286 nm. Both excitation
and emission ditswereat 10 nm. Meanwhile, make
use of thefluorescenceintensity of BSA without any
drugsasF , to study the quenching effects of single
drugto BSA.

Theinteraction of OFX toCFP

At 293, 303 and 308 K, 1.0 mL 10 umol/L BSA
agueous solutionwas added into a10.0 mL colorimet-
rictube, followed by 1.0 mL Tris-HCI buffer solution,
0.5mL 200 umol/L OFX agueous solution and a.cer-
tain amount of 200 umol/L CFP aqueoussolution. The
mixturewasdiluted to 10.0 mL withdistilled water and
then shaken harmonioudly. After a20 minlay-asideat
experiment temperatures, fluorescence measurements
werecarried out at 344 nm keeping theexcitationwave-
length at 286 nm. Both excitation andemissonditswere
at 10 nm. Meanwhile, make use of the fluorescence
intensity of BSA-OFX without CFPasF, tostudy the
guenching effects of CFP to BSA in the presence of
OFX. Then, fluorescence spectrawere measured as
previoudly described with different concentration of
OFX, todiscusstheinfluenceof their concentrationon
drugs’ binding.

Theinteraction of CFPto OFX

At 293, 303 and 308 K, 1.0 mL 10 umol/L BSA
aqueous solution was added into a10.0 mL colorimet-
rictube, followed by 1.0 mL Tris-HCI buffer solution,
0.5mL 200 pmol/L CFP agueoussolution and acertain
amount of 200 umol/L OFX aqueous solution. The
mixturewasdilutedto 10.0 mL with distilled water and
then shaken harmonioudly. After a20 minlay-asideat
experiment temperatures, fluorescence measurements
werecarried out at 344 nm keeping theexcitationwave-
length at 286 nm. Both excitation andemissonditswere
at 10 nm. Meanwhile, make use of the fluorescence
intensity of BSA-CFPwithout OFX asF, tostudy the
guenching effects of OFX to BSA inthe presence of
CFP. Then, fluorescence spectra were measured as
previoudly described with different concentration of
CFPR, todiscusstheinfluence of their concentration on
drugs’ binding.

Sitemarker competitive experiments

1.0 mL 10 umol/L BSA aqueous solution was
added into a10.0 mL colorimetric tube, followed by
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1.0mL Tris-HCl buffer solution, .0 mL 10 umol/L site
marker I((WF), [1(IB) and 111(DG) for different series
and acertain amount of 200 umol/L CFPor OFX aque-
oussolution. Themixturewasdiluted to 10.0 mL with
digtilled water and then shaken harmonioudly. After a
20 minlay-aside at experiment temperatures (298 K),
fluorescence measurementswere carried out.

RESULTSAND DISCUSSION

Fluor escence quenching of BSA and drugs

Proteinsare considered to haveintrinsic fluores-
cenceduetothepresence of amino acids, mainly tryp-
tophan, tyrosine and phenylalanine. Fluorescence
guenchingisthedecrease of thequantumyield of fluo-
rescence from afluorophore induced by avariety of
molecular interactions. Inorder tofind out if theinter-
action between adrug and serum albumin changesin
the presence of the second drug, we analyzed the
quenching of serum albumin by one and then by two
drugs. Thefluorescenceemission spectraof BSA inthe
absenceand presenceof drugsareshowninFigure 1.
AsshowninFigurel, withtheexcitation wavelength at
286 nm, themaximum emissi onwavd ength of BSA was
344 nm. Thereativefluorescenceintensity of BSA de-
creased with increasing concentration of drugs. These
dataindicatesthat CFP and OFX caninteract withBSA
and quenchitsintrinsc fluorescence®¥.

Fluorescence
Fluorescence

Wavelengthnm)

(A) (B)

Figure 1 * @Quenching fluorescence spectra of BSA-
OFX ® ABSA-CFP-OFX (A), BSA-CFP ® ABSA -OFX-CFP
(B) at 298K

(A): BSA-CFP (Solidline), C,,=1.0 pmol/L , 1~6: C__/ (wmol/
L): 0,5, 10, 20, 40, 60 respectively

BSA-OFX-CFP (Dashline), C,,=1.0 umol/L, C__, =10 pmol/
L,1~6": C_./(umol/L): 0,5, 10, 20, 40, 60 respectively
(B): BSA-OFX (Solid line), C,,=1.0 pmol/L , 1~6: C__, /(nmol/
L): 0,5, 10, 20, 40, 60 respectively
BSA-CFP-OFX (Dashline), C,,=1.0 pmol/L, C__.=10 pmol/
L,1~6": C_./(nmol/L): O, 5, 10, 20, 40, 60 r espectively
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Fluor escence quenching mechanism of BSA

Fluorescence quenching can occur by different
mechanisms, whichareusualy classified asstatic and
dynamic quenching. The mechanism can be distin-
guished from the differing dependence ontemperature
and viscosity on the Stern—Volmer constant values.
Dynamic quenching depends upon diffusion. Since
higher temperaturesresultslarger diffuson coefficients,
the bimolecular quenching constants are expected to
increasewith increasing temperature. In contrast, in-
creased temperatureislikely to resultin decreased sta-
bility of complexes, and thuslower valuesof thestatic
quenching constants®¥. In order to confirm the quench-
ing mechanism, caculationsare performed asfollows:
according to dynamic quenching, the mechanism can
be described by the Stern-Volmer equation(*®':

Fo/ F=1+K 7,[C]=1+K & [C] @)

F,and F arethefluorescenceintensitiesinthe ab-
sence and presence of quencher, respectively. K isthe
quenching rate constant of bio-molecule. K isthedy-
namic quenching constant. 7 istheaveragelifetime of
the bio-mol eculewithout quencher, whichisabout 10
sand [C] isthe concentration of the quencher. Insuch
anandysis, aplot of F /F versus[C] will giveastraight
line. By approximating the slope of quenching curve,
K, Wasobtained. The calculated resultsareshownin
TABLE1.K, decreased with increasing temperature,
suggesting that quenching is static quenching. For dy-
namic quenching, maximum scattering collis on quench-
ing constant of various quencherswith bio-molecules,
K 152.0x10*°dm?® mol*s*. Obvioudly, therate con-
gtant of the protein quenching by drug K y ismuch larger
thanthelimiting diffusion coefficient K ;. of thebio-mol-
ecule. Thismeansthat the assumptioniswrong and
guenchingisnat initiated by dynamiccollision, but Satic
guenching by theformation of acomplex compound™”.

For static quenching, the rel ationship between the
fluorescence intensity and the concentration of
quencherscan bedescribed by thefoll owing equation*#:
Fo /(F,—F)=1/n+1/(nK ,[C]) (3)

WhereF and F arethefluorescenceintensities of
BSA-drug in the absence and presence of drug, re-
spectively, and [ C] istheconcentration of drug. nisthe
number of binding sitesand K, isthe binding constant
of BSA and drug. The slope and intercept were ob-
tained from the F /(F -F) versus [C]* curve. There-
fore, we obtained the number of binding sitesn, the
binding constantsK , of BSA-drugand thelinear rela-
tivecoefficientsr at different temperature (TABLE 2).

TheHill’s coefficient of the systems

Inbiochemistry, thebinding of aligandto amacro-
mol ecul e ofteninfluencesthe affinity for other Sitesor
ligands on the same macromolecul e, thisisknown as
cooperative binding. Hill’s coefficient provides a way
to quantify thiseffect andiscal culated graphicaly on
the basisof thefollowing equation*?:

4

whereY isthefractiond binding saturation; K isthe
binding constant and n,, isthe Hill’s coefficient. If bind-
ing to oneligand molecule promotestheaffinity for other
ligand moleculeswith protein, the binding exhibitsposi-
tive cooperativity. Hill’s coefficient is greater than one.
Conversdly, if binding to oneligand moleculeinhibits
the binding to other ligand moleculeson the protein,
thisisnegative cooperativity (n, <1).A coefficient of 1
indicates noncooperativereaction, inwhichtheaffinity
of theproteinfor aligand moleculeisnot dependent on
whether or not other ligand molecules are already
bound. Hill’s coefficient in the binary system reflects
theinteractionfor the samekind of drugbinding at dif-

Y
lg——=IgK Ig[L
0 =10K+n, Ig[L]

TABLE 1: Sern-Volmer quenchingrate constantsof the systemsof Drug-BSA at different temperatures

298 K 303K 308K
System

Kqi/(L/mol-s) r Kqo/(L/moal-s) r Kqa/(L/mol-s) rs
BSA-CFP 1.38x10% 0.9950 1.37x10% 0.9989 1.35x10% 0.9972
BSA-OFX 1.22x10% 0.9851 1.21x10% 0.9788 1.12x10% 0.9805
BSA-OFX-CFP 1.29x10% 0.9993 1.21x10% 0.9943 1.20x10% 0.9931
BSA-CFP-OFX 1.03x10% 0.9803 9.22x10% 0.9843 9.07x10% 0.9907

r, r,andr,arethelinear relative coefficients at 298 K, 303 K and 308 K respectively.
The system of BSA-OFX-CFP wasfixed C__,=10 pmol/L; and system of BSA-CFP-OFX wasfixed C_ =10 pmol/L.
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ferent Sitesof protein, whileintheternary syssemit re-
flectstheinfluenceof onekind of drug binding onthe
affinity for the other kind of drug. For fluorescence
measurement:

Y Q
1-Y Q,-Q ©
where Q= (F,-F)/F,; Q_=intercept of the plot 1/Q
vs. 1/[L]. Thebinding constantsof systemsK , wereob-
tained according to Eq. (3) and presentedin TABLE 2.
Theresultsindicated: (1) Thenumber of bindingStes
islinvarioussystems. (2) Compared withthe BSA—
CFP system, thebinding constants of BSA-OFX—CFP
system doesnot changesgnificantly. Comparedwiththe
BSA-OFX system, the binding constants of BSA—CFP—
OFX system doesnot change significantly. It indicated
no cooperativenessinthedrug’s binding with BSA. (3)
thevalues of n, were approximately equal to 1inthe
systems, whichindicated no cooperativeness between
CFPand OFX smultaneoudly boundto BSA.

—— Regdular Peper

Thetypeof interaction for ce between drug and
BSA

Generdly, thereare hydrogen bond, Van Der Wadls
force, dectrostatic attraction and hydrophobicinterac-
tionforcewhenthe pharmaceutical mini-moleculebinds
with biomacromolecule?\. |f thetemperature doesnot
vary sgnificantly, theentha py change (AH) and entropy
change (AS) can beregarded as constants. In order to
elucidate theinteraction between drug and BSA, the
thermodynamic parameterswere cal culated from the
Eq. (6) and (7) 2
RINK =AS-AH/T (©)
AG = AH -TAS (7

whereK isthebinding constant at the correspond-
ing temperature (TABLE 2) and Risthegas constant.
The AH and ASwere obtained from the lopeandin-
tercept of thelinear van’t Hoff plot based on InK ver-
sus 1/T. Thefreeenergy change (AG) was estimated
from Eq. (7). Therefore, thevaluesof AH, ASandAG

TABLE 2: Thebinding constants, number of binding sitesand Hill’s coefficients of the systems of Drug-BSA at different

temperatures
Drug 298 K 303K 308K
/(105 mOl/L) nq KA]_/(L/mO|) NH1 no KAz/(L/m0|) N{2 N3 KA3/(L/m0|) Ny3

OFX/ BSA-OFX-CFP
0.0 0.788 2.03x10* 1.04 0.849 1.79x10% 1.05 1.03 1.29x10% 1.06
0.5 0.667 3.12x10* 106 132 8.25x10° 0.992 1.13 1.06x10% 1.10
1.0 1.15 1.03x10% 0.991 0.660 2.44x10% 117 0.774 2.20x10% 1.14
2.0 0.766 1.83x10* 1.05 0919 1.53x10* 1.05 119 1.05x10% 0.967
3.0 1.56 7.26x10° 0931 155 6.13x10° 0.965 0.825 2.15x10* 1.05
4.0 0.935 1.48x10* 112  1.23 8.07x10° 1.00 0.889 1.50%x10% 1.17
5.0 0.771 2.07x10* 1.01 0922 1.22x10* 1.02 0.846 2.01x10* 0.948
6.0 0.910 9.82x10° 1.02 0.749 2.48x10% 1.07 120 5.34x10° 1.14

CFP/ BSA-CFP-OFX
0.0 1.39 3.66x10* 092 135 3.48x<10% 0960 1.35 3.45x10% 0.936
0.5 1.31 3.77x10* 0983 134 3.31x10% 0983 1.28 3.67x10% 1.01
1.0 1.19 4.57x10* 1.06  1.40 3.06x10% 0957 1.28 3.79x<10% 0.992
2.0 1.43 2.85x10* 0983 1.31 3.40x10* 1.00 148 2.71x10* 0.931
3.0 1.34 3.32x10* 0987 1.20 4.12x10* 1.04 125 4.18x10* 1.05
4.0 1.17 4.89x10* 1.06 1.33 3.48x10* 0981 134 1.29x10" 0.938
5.0 1.14 5.29x10* 1.09 161 2.27x10* 0.906 1.24 3.56x10* 1.02
6.0 1.27 3.70x10* 1.02 136 2.97x10% 1.04 121 3.97x10% 1.03

n, n,and n_ are the number of binding sites at 298, 303 and 308 K respectively.
K, K,,and K . are the binding constants at 298, 303 and 308 K respectively.
n,, N,, and n,, arethe Hill’s coefficients at 298, 303 and 308 K respectively.
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TABLE 3: Thermodynamic parameter sof binding for BSA
and thedrugs

System AH/(kJ/mol) AS/(J/ImadlK) AGysk / (kJ/mal)
BSA-CFP -34.51 -33.06 -24.66
BSA-OFX -4.526 72.12 -26.02

wereshowninTABLE 3.

Thenegative AH and ASvaluesindicatethat the
binding power is mainly hydrogen bond and van der
Wadls; the positive AH and ASvaluesgenerdly repre-
sent hydrophobic interactiong?. Moreover, aspecific
€electrodtaticinteraction betweenionic Speciesinan ague-
oussolutionischaracterized by the positiveASvaue
and negative AH value?. The results showed that:
(1) Thenegativevaueof AG clarified therewasan au-
tomatic reaction happened between CFP(OFX) and
BSA. (2) Thenegativevalueof AH and negativevaue
of ASshowed that hydrogen bond and van der Waals
played animportant rolein thebinding of CFPto BSA.
The negative value of AH and positive value of AS
showed that el ectrostatic attraction played an impor-
tant rolein thebinding of OFX to BSA.

Effect of stemarkerson thebinding of drugto
BSA

Binding constants determined based on Eq. (3)
show the effect of WF, 1B and DG on the BSA-CFP
or BSA-OFX at 298 K (TABLE 4).

It can be obtained that binding constants for the
ternary system (TABLE 4) arelower thanthat for the
binary system of BSA-drug (Ko, =2.03x10"L-mol
L AK o o =3.66%10 L-mol™). It can be seen that
the binding constant for the ternary system of BSA-
WF-drug was of the most extensive change. It indi-
cated that WF hinderstheformation of BSA-drug and
can competefor the same binding site from sub-do-
mainllA (stel).

CONCLUSIONS

Using the quenching fluorescence method we stud-
ied theantibacteria drugs (CFP and OFX) bindingto
BSA respectively, aswell asof thetwo drugstogether
to BSA. Inaddition, the cooperativity of drugson BSA
wasquantitatively investigated by Hill’s coefficients. The
results suggested the quenching mechanism of thecom-
bination for BSA and drugswasadtatic procedureand
the primary binding sitefor both CFP and OFX was
located at sitel in sub-domain I1A of BSA. Theelec-
trostatic interactionsplayed amgor rolein theinterac-
tionof drugswithBSA. Thevauesof n, inthesystems
were approximately equal to 1, suggesting no coop-
erativenessfor binding steswhen drugsboundto BSA.
Co-administration of CFP and OFX do not affect each
other’s transportation with serum albumin. This method
iIssimple, rapid, and provides atheoretical basisfor
research of combination therapy.
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