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ABSTRACT

KEYWORDS

Enrofloxacin;

Chloramphenicol (CHL) and Enrofloxacin (EFLX) can both quench the
fluorescence of bovine serum albumin (BSA) in the agueous sol ution of
pH=7.40. This quenching effect becomes more significant when CHL and
EFLX coexist. Based on this, further studies on the interactions between
CHL and EFLX using fluorescence spectrum were established. The re-
sults showed that the interaction between the drugs would increase the
binding stability of the drug and protein, thus reducing the amount of
drugs transported to their targets. Therefore, free drug concentration at
targets would decrease, reducing the efficacy of the drugs. The results
also showed that the quenching mechanism of BSA by the drugs is a
static procedure. The number of binding sitesis 1 in various systems.
Studies utilizing synchronous spectra showed that the interaction be-
tween the drugs would affect the conformation of BSA, making protein
molecules extend and decreasing their hydrophobicity.
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INTRODUCTION mesticanimals.
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Enrofloxacin (EFLX) belongsto thethird genera-
tion synthetics of quinolones against bacteria. It has
better anti-bacterid effectsfor gram-negative bacillus.
Furthermore, it hashigh degree anti-bacteria activity
for gram- positive bacteria, like Staphylococcus®.
Chloramphenicol (CHL) isakind of broad spectrum
antibiotic and caninhibit multiplekindsof coccus, ba
cillusand spirochete. It isanimportant drug usedin
treatment of typhoid fever, paratyphoid etc?. Usualy,
thesetwo drugswill using coexist inthefeeding of do-

Inthe past decades, researches ontheinteraction
between drugs and BSA using fluorescence method
have beenintensively reported®®. However, thosere-
searchesareof singledrug with BSA only. However,
peoplesare usudly usng two or morekindsof drugsin
clinical practice, so theexistence of theinteraction be-
tween drugs haveinevitable. Studies of these actions
aremainly carried out through comparing the effects of
adminigtrating combined drugsand admini strating cer-
taindrugdonetoanimasor cdlsof animd(®. Researches
on theinteraction between drugsand BSA using fluo-
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rescence method have been intensively reported. How-
ever, researcheson the effect of drugs coexisting have
not been reported.

Thispaper comparesthe parametersof thebinding
constant, binding distance, and changesin synchronous
spectrabetween EFLX and CHL coexistingwith BSA
and singledrug by fluorescence spectrum, toreved the
effect of drugsreduced becausetheinteraction. In other
words, theeffect of drugsisreduced while combined
with other drugs, the effect of thetwo drugs combined
islessthanthesum of their individua contribution (1 +1
<2)[M. Theresults areidentical with experimentson
animal or cell. The advantage of thismethod iseasy,
fast, and cheap. Theresearch has certain theoretical
significancefor rationa usageof drugs, and providesa
new method to study the effect of pharmacodynamic
between two or multi-drugs.

EXPERIMENTAL

Apparatus

All fluorescence spectrawererecorded usngwith
a Shimadzu RF-540 spectrofluorophotometer and a
Hitachi F-4500 spectrofluorophotometer; absorption
was measured with an UV-VISrecording spectropho-
tometer (UV-265 Shimadzu Japan). All pH measure-
ments were made with a pHS-3C precision acidity
meter (Leici, Shanghal).

Reagents

CHL and EFL X were obtained from Monitor of
ChineseVeterinary Medicine (nolessthan 99.9% pure).
Stock solutions (1.0mmol/L) of CHL and EFLX were
prepared by dissolving the drugsin water. The stock
solutionswerefurther diluted asworking solutionsprior
touse. BSA (10umol/L) was purchased from Sigma
Company (no lessthan 99% pure). A Tris-HCI buffer
(50mmoal/L, pH 7.40) and 100mmol/L NaCl. All other
reagentswere of analytica reagent gradeand al aque-
ous solutionswere prepared with newly double-dis-
tilled water. All measurementsweremadeat T = 298
K. Thefluorescenceintensitieswere corrected for ab-
sorption of exciting light and reabsorption of theemit-
tedlight to decreasetheinner filter effect usngtherda
tionship™®:

Fcor = Fobs x e(Aex+Aem)/2 (1)
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Where F_ and F__are the fluorescence intensities
corrected and observed, respectively, and Aexand Aem
arethe absorption of the system at the excitation and
theemission wave ength, respectively. Theintensity of
fluorescence usedinthis paper isthe corrected fluores-
cenceintengty.

Theeffect of BSA with singledrug (BSA-CHL or
EFLX)

Successively adding 2.0 mL of 200mmol/L NaCl
(tokeep thepH congstant and maintaintheionic strength
of thesolution), 1.0mL of pH=7.40Tris-HCI, .0 mL
of 10umol/L BSA solutionand 0.0, 0.5, 1.0, 1.5, 2.0,
2.5,3.0,4.0mL of 0.2mmol/L CHL or EFLX intoal0
mL colorimetrictube. Thesamplewasdiluted to scaed
volumewith water, mixed thoroughly by shaking, and
kept gaticfor 20min. Theexcitationand emissonwave-
lengths for BSA were 286 nm and 340 nm, respec-
tively, withtheexcitationand emisson dit widthsset at
10 nm. Meanwhile, make use of the fluorescencein-
tensity of BSA without any drugs asF, to study the
quenching effectsof singledrugto BSA.

Theantagonisticaction of CHL toEFL X

Successively adding NaCl, Tris-HCI, BSA same
asabove, 1.0mL of 0.1mmol/L CHL solutionand 0.0,
0.5,1.0,15,2.0,25,3.0,4.0mL of 0.2mmol/L EFLX
intoal0 mL colorimetric tube. Meanwhile, Makeuse
of thefluorescenceintensity of BSA-CHL asF,, tostudy
thequenching effectsof EFLX to BSA inthe presence
of CHL.

Theantagonisticaction of EFL X toCHL

Successively adding NaCl, Tris-HCI, BSA same
asabove, 1.0 mL of 0.1 mmol/L EFLX and 0.0, 0.5,
1.0,15,2.0,25,3.0,4.0mL of 0.2mmol/L CHL into
al10mL colorimetric tube. Meanwhile, Make use of
thefluorescenceintensity of BSA-EFLX asF,, tostudy
guenching effects of CHL to BSA inthe presence of
EFLX.

RESULTSAND DISCUSSION

Fluor escence quenching of BSA and drugs

Thefluorescencequenching of EFLX and CHL with
BSA wereshowninFigures1and 2. It isobserved that

A udéan Journal



PCAIJ, 6(2) 2011

Baosheng Liu et al. 83

thefluorescenceintensity of BSA decreasesregularly
with increasing concentration of EFLX or CHL, and
thereisalittleemission wave ength shift occurringwith
addition of EFLX or CHL. In order to confirm the
guenching mechanism, caculationsare performed as
follows: according to dynamic quenching, the mecha-
nism can be described by the Stern-Vol mer equati on®<:
Fo/ F=1+K 7,[C]=1+K &/[C] @)
F,and Farethefluorescenceintensitiesin theabsence
andinthe presence of quencher, respectively. t,isthe
averagelifetimeof the bio-mol eculewithout quencher,
whichisabout 102SandK _ isthedynamic quenching
constant. K, isthequenching rate constant of bio-mol-
ecule. [C] isthe concentration of the quencher. The
cdculated resultsareshownin TABLE 1. For dynamic
quenching, maximum scattering collisonquenching con-
stant of various quencherswith bio-molecules, K ;. is
2.0x10*L-mol™*-St, When thefluorescencelifetime of
the bio-moleculet wastaken as 10°S, the quenching
rateconstant K at different syssemwerecalculated to
beall at 10" L-mol™*S. Obviously, the rate constant of
the protein quenching by EFLX or CHL K, ismuch
larger thanthelimiting diffusion coefficient K , of the
bio-molecule. Thismeansthat thequenchingisnot ini-
tiated by dynamic collision but static quenching by the
formation of acomplex compound.

For static quenching, therelationship between the
fluorescence quenchingintendity and the concentration
of quencherscan be described by equation 314;

l9[(F, —F)/F]=nlgK , + nIK[CH[p ](F,—F)/F} (3)

WhereF, and F arethefluorescenceintensities before
and after the addition of the quencher, [C] and [P] are
thetotal quencher concentration and thetotal protein
concentration, respectively. By theplot of Ig (F, - F)/F
versus Ig{ 1/([C] - [Pt] (F, - F)/F,)}, the number of
binding site n and the binding constant K, at 298 K
werefound. TABLE 1 givesthe corresponding cal cu-
lated results. TABLE 1 shows: (1) fromthecorrelation
coefficient r, it can be seen that al curveshave good
linearity. The number of binding sitesisabout 1. (2)
fromK (BSA_EFLX)/ K esachn) =1.88, it is proved that
thecombining ability between EFLX and BSA arestron-
ger than CHL and BSA. That is, thefree concentration
of CHL inblood is more than EFLX when the same
concentrations of those drugswereinjected. (3) from

= Pyl Paper
K )=1.21, it can be

theratio KA(BSA—CHL—EFLXJE"‘/ A(BSA-EFLX

seenthat the combining ability between EFLX and BSA
increased dueto the presence of CHL. In other words,
thefree drug concentration reduced and so did the ef-
fect of drugs. Similarly, fromtheratioK /

A(BSA-EFLX-CHL)

K =1.28, it can be seen that the combining

A (BSA-CHL)

ability between CHL and BSA increased due to the

(solid)(dashed)
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a-f: (solid line), BSA-EFLX; a'- f': (dashed line), BSA-CHL -
EFL X system. The concentration of BSA is 1.0 pmol-L*. a. Pure
BSA. The concentration of EFLX: b. 10 pmol-L*, ¢. 20 pmol-L?,
d. 30 pmol-L?, e. 40 pmol-L%, f. 50 pmol-L*. The concentrations
of BSA and CHL arerespectively 1.0 pmol-L* and 10 pmol-L?,
a'. BSA-CHL. Theconcentration of EFL X: b'. 10 pmol-L?, ¢'. 20
pmol-L2, d'. 30 pmol-L?, €. 40 pmol-L%, f'. 50 pmol-L2.
Figure 1 : Quenching fluorescence spectra of BSA-EFL X
and BSA-CHL-EFL X system
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a-f: (solid line), BSA-CHL; a'- f': (dashed line), BSA-EFL X-
CHL system. The concentration of BSA is 1.0 pmoal-L1. a. Pure
BSA. Theconcentration of CHL: b. 10 pmol-L%, ¢. 20 pmol-L?, d.
40 pmol-L?, e. 50 pmoal-L?, f. 80 pmol-L*. The concentrations of
BSA and EFL X arerespectively 1.0 pmol-L* and 10 pmol-L*%, &'.
BSA-EFL X. The concentration of CHL: b'. 10 pmol-L?, ¢'. 20
pmol-L2, d'. 40 pmol-L?, €. 50 pmol-L2, f'. 80 pmol-L2.

Figure2: Quenching fluor escence spectraof BSA-CHL and
BSA-EFL X-CHL system
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TABLE 1: Thequenchingreactive parameter sof BSA and drugs
System Kg/(L-mol™s™) R SD K a/(L-mol™) R SD n
BSA- EFLX 3.89x10" 0.9950  0.0417 3.56x10" 09978  0.02534 1.19
BSA-CHL 2.12x10" 0.9984  0.04673 1.89x10* 09984  0.02593 1.04
BSA-CHL- EFLX 3.38x10" 0.9979  0.04487 4.29x10* 09976  0.02823 1.28
BSA-EFLX -CHL 2.74x10" 0.9989  0.04041 2.41x10* 0.9998 001581 1.23

R is the correlation coefficient for the Kq and K, values. .SD is the standard deviation for the Kq and K , values.

presenceof EFLX. At thesametime, thefreedrug con-
centration reduced and so did the effect of drugs. In
other words, the effect of drugswill reduceduetothe
existence of interaction between CHL and EFLX.

Binding distance between thedrugsand BSA

According to Férster resonance energy transfer
(FRET), theenergy donor and theenergy acceptor dis-
tancer isrelated with thecritical energy transfer dis-
tance R, and energy efficiency E can becalculated by
theformula*?:

E=1-F/F, =R /(R +r°) 4
WhereF and F arethefluorescenceintensitiesof BSA
inthe presence and absence of quencher, Eistheen-
ergy transfer efficiency, r isthedistance between ac-
ceptor and donor, and R isthecritical distancewhen
thetransfer efficiency is50%. Thequantity R Piscal-
culated using theequation:

R, =8.78x107K 2dN™J (5)
Where K? isthe orientation factor, @ is the fluores-
cencequantumyield of thedonor, N isrefractiveindex
of themedium, and Jistheoverlgpintegrd betweenthe
fluorescence emission spectrum of the donor and the
absorption spectrum of the acceptor (Figure 3), and J
isgivenby:

J =Y F(AM)e(MA'ANT Y F(L)AL (6)
WhereF () is the fluorescence intensity of the fluores-
cence donor at wavelength A, and € (A) is the molar
absorption coefficient of theacceptor at thiswave ength.
Inthe present case, K2=2/3, N=1.336*, ®=0.118[%4,
Thus J, E, R, and r were calculated and shown in
TABLE 2. Thedonor-to-acceptor distancer<«7 nm, thus
thisreaction belongsto FRET!™. Inthe experimental
conditions, thefluorescence of BSA comesfromthe
tryptophan residuesinthe 212 site*dl, Thisresidueis
situated in the hydrophobic cavity of BSA. risthedis-
tance between binding sitesand thisresidues. EFLX

and CHL arelessfat-soluble and difficult to enter the
hydrophobic cavity; thebinding positionisrelatively far
fromthistryptophan. Sothevaluer isgreater thanthe
hydrophobic drug of LigustrazineHydrochloride (r=1.8
nm)i7. Thebinding distancer of BSA-CHL-EFLX are
reduced compared with BSA- EFLX, theresult indi-
cated that with presence of CHL, the binding distance
between BSA and EFL X reduced whilethe combina
tion ability increased. At the sametime, freedrug con-
centration reduced and so did the effect of drugs. Simi-
larly, comparing BSA-EFLX-CHL with BSA-CHL will
lead to the same conclusion.

a. fluorescence of BSA, b. absorption of CHL, b'. absorption of
EFLX, the concentrations of BSA, CHL and EFLX are all 7.0
pmol-L2. c. fluorescence of BSA-CHL, the concentrations of
BSA and CHL arerespectively 7.0 pmol-L*and 10 pmol-L. c'.
fluorescence of BSA-EFL X, theconcentrationsof BSA and EFL X
are respectively 7.0 pmol-L* and 10 pmol-L%.

Figure3: Fluorescence spectraand absor bance spectra

TABLE 2: Parametersof E%, J, r, R between drugsand BSA

System E/(%) J/(cm*>L-mol™) Rg(nm) r/(nm)
BSA- EFLX 149  3.67x10™° 207 277
BSA-CHL-EFLX 155 2.49x10™° 194 257
BSA-CHL 774 1.63x10™° 181 274
BSA-EFLX-CHL 750 1.28x10™" 174 264

Conformation investigation of BSA

Synchronousfluorescence spectrawereusedtoin-
vestigatetheprotein conformationd change, asit hasbeen

Physical CHEMISTRY — commmm
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shownto give narrow and s mpl e spectra. For the syn-
chronousfluorescence spectraof protein, whenthe AL
va ue between theexcitation and emissonwavel engths
isstabilized a either 15 or 60 nm, the synchronousfluo-
rescencegivescharacterigicinformation for thetyrosne
resduesor tryptophan res dues. Because of thered shifts
of maximum emissionwavd engthsof bothtyrosneand
tryptophanwith theless hydrophobic environment, these
red shiftsindicated that the conformation of BSA was
changed™. Thesynchronousfluorescence spectrawhen
the AA=15 nm and 2=60 nm were measured (Figure4
and Figureb). Itisapparent fromthisfigurethat thered
shiftsoccurred at maximum emission wavel ength. (1)
Comparing BSA-EFLX (or BSA-CHL) and BSA, the
red shiftswere 1 nmand 2 nmwhenthe AA=15nm, and
thered shiftswere4 nm and 2 nmwhenthe AA=60 nm,

40

(dashed)
al

o =0
280 300 320 340
Nnm

=  Pyl] Peper

respectively. (2) Comparing BSA-CHL-EFLX and
BSA-EFL X, the synchronousfluorescence spectrahad
no red shiftswhenthe AA=15 nm, thered shiftswere2
nm when the AA=60 nm. (3) Comparing BSA-EFLX-
CHL and BSA-CHL, thered shiftswere3nmwhenthe
AA=15nm, and thered shiftswere2 nmwhenthe AA=60
nm. It isapparent from thisdatathat theinteraction be-
tween the drugs was existed. (4) the conformation of
BSA was changed because of theinteraction between
EFLX and CHL. Astheincrease of the concentration of
thedrugs, thetyrosineres dues and tryptophan res dues
microenvironment changed dueto thereaction of drugs
and BSA, making the hydrophobic environment of BSA
morepolar andlesshydrophobic, and collgpsing the hy-
drophobic structure®. High concentration of drugs
makes protein mol eculesextend, thusreducing energy

50

300 320 340 360 380
MNnm

a-e (solid line), BSA-EFLX; a'- d': (dashed line), BSA-CHL-EFL X system. The concentration of BSA is 1.0 pmol-L%. a. Pure BSA.
The concentration of EFLX: b. 10 pmoal-L?, ¢. 20 pmol-L%,d. 40 pmol-L?, e. 50 pmol-L%. The concentrations of BSA and CHL are
respectively 1.0 pmol-L* and 10 pmol-L?, the concentration of EFLX: &'. 10 pmol-L*, b'. 20 pmol-L*, ¢'. 40 pmol-L%, d'. 50 pmol-L2.

(A): AA=15 nm, (B): AA=60 nm

Figure4: Synchronousfluorescence spectraof BSA-EFL X and BSA-CHL-EFL X system
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a-e: (solid line), BSA-CHL; a'- d': (dashed line), BSA-EFL X-CHL system. The concentration of BSA is 1.0 pmol-L. a. Pure BSA.
The concentration of CHL: b. 10 pmol-L%, ¢. 20 pmol-L%, d. 40 pmol-L?, e. 60 pmol-L2. The concentrations of BSA and EFL X are
respectively 1.0 pmol-L* and 10 pmol-L*, the concentration of CHL: &'. 10 pmol-L?, b'. 20 pmel-L?, ¢'. 40 pmol-L?, €. 60 pmol-L2.

(A): AX=15 nm, (B): AA=60 nm

Figure5: Synchronousfluor escence spectraof BSA-CHL and BSA- EFL X —CHL system
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transfer between amino acids, reducing thefluorescence
intensity™.

CONCLUSIONS

Thispaper indicated that the existence of theinter-
action between drugsthrough studying thebinding con-
stant, binding distance and the change of protein con-
formation using fluorescence spectra. Thismethodis
sample, rgpid and accurate, to provideatheoretica basis
for research of drugs pharmacology, combination
therapy and rational usage of drugs. Thelimitation of
thismethod isthat it cannot be used to study drugsthat
neither interactswith protein nor fluorescent.
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