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ABSTRACT KEYWORDS

The competition interactions between ciprofloxacin hydrichloride(CPFX) Ciprofloxacin hydrochloride;
and artificial food dyes, such astartrazine (TTZ), sunset yellow (SY), and Synthetic food colorants;
erythrosine (ETS), with bovine serum albumin (BSA) wereinvestigated by F bovine serum albumin;
spectrofluorimetric method in the aqueous solution of pH = 7.40. Results L uorescence;
showed that CPFX caused the fluorescence quenching of BSA through a Coexistent drugs.
static quenching procedure and the primary binding site was located at

subdomain I1A of BSA (sitel). According to the calculated thermodynamic

parameters, it confirmed that CPFX bound to BSA by electrogtatic interaction.

In addition, the colorants affected the formation of BSA-CPFX complex.

Thisresulted in an increase of the free, biological active fraction of CPFX.

The binding distance of BSA-CPFX systems was evaluated according to

Forster’s theory. Results suggested that the binding distance were increased

in the presence of synthetic food colorants.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION influences of many factorsinvivo, amongwhich dietary
habits cannot beignored. Interactionsbetween diet and

When drugsareabsorbed, they enter thecirculatory  drugsreflect the change of pharmacodynamicsand the

system and bind to serum albumin extensively and re-
versibly!Yl, Theeffectiveness of drugsdependsontheir
combination ahilities. Binding of drugstoserumabumin
has significancein pharmacology, sinceit controlstheir
free concentrationsand, asaconsegquenceto thedegree
andtimeof actioninthebody, affectsduration andinten-
sity of their effectd?. In other words, bindingto serum
abuminwill sgnificantly affect thedistribution, metabo-
lism, and excretion of drugs. Drugsare subjected tothe

incompatibilities. Therearevariousresearchesabout the
influences of sugar, wine, and teaon theefficacy of a
medicineg>®. However, researches about the effects of
synthetic food col orants on medi cation have not been
reported. Ciprofloxacin hydrochloride (CPFX, thestruc-
tureisshownin Figure 1) which belongsto thethird-
generation syntheti cs of quinolones showsstriking po-
tency againg enteric Gram-negative bacilli, lesser activ-
ity agai nst nonenteric Gram-negetive bacilli and staphy-
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lococci, and generdly margind activity againgt strepto-
cocci and anaerobes™@., It hasreceived much attention
because of itsbroad-spectrum pharmacol ogicd activi-
tiesand extensivebiological eff ects. Tartrazine(TTZ2),
sunsat yellow (SY), and erythroane(ETS, Sructuresare
showninHgurel) arecommon syntheticfood colorants,
whicharewiddy usedinfoodlikedrinks, candies andin
sugar-coated capsulesfor pharmaceutical preparations?.
Theéeffectsof three syntheticfood colorantsTTZ, SY,
and ETSonthe CPFX-BSA complex wereinvestigated
by fluorescence spectroscopy in this paper. Results
showed that these col orants affected the formation of
CPFX-BSA complex and further affected theefficacy of
themedicine. Theresearch wasof acertaintheoretica
sgnificancefor patients’ reasonable diet and clinical medi-
cdion.
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Figurel: Molecular structuresof ciprofloxacin hydrochlo-
ride(a), tartrazine(b), sunset yellow (c), and erythrosine(d).

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-540 spectrofluorophotometer and a
Hitachi F-4500 spectrofluorophotometer. Absorption
was measured with a UV-visrecording spectropho-
tometer (UV-265 Shimadzu, Japan). All pH measure-
ments were made with a pHS-3C precision acidity
meter (Leici, Shanghai). All temperatures were con-
trolled by CS501 superheated water bath (Nantong
ScienceInstrument Factory).

Materials

Ciprofloxacin hydrochl oride (CPFX) was obtained
from Monitor of Chinese Veterinary Medicine(noless

BIOCHEMISTRY (mm—

than 99.9% pure). Stock solutions (1.0 mM) of CPFX
wereprepared by dissolving thedrugin water. Bovine
serum albumin (BSA, 10.0 «M) was purchased from
Sigma Company (no lessthan 99% pure). Tartrazine
(TTZ), sunsetydlow (SY), and erythrosine(ETS) were
purchased fromAldrich (Wisconsin, USA). Stock so-
lutions (0.1 mM) of them were prepared by dissolving
thefood col orantsin water. Warfarin (WF), ibuprofen
(IB), and digitoxin (DG) weread obtained from Chi-
nese Institute of Drug and Biological Products. Tris-
HCI (0.05 M) bu ff er solution containing NaCl (0.2
M) was used to keep the pH of the solution at 7.40.
NaCl solutionwasused to maintain theionic strength
of thesolution. All reagentswere of analytical grade,
and doubledi stilled water was used throughout the ex-
periments.

According to Steiner, if the absorption valuesare
lessthan 0.3, thefluorescenceintensity iscorrected for
the absorption of excitation light and reabsorption of
emitted light usingthefollowing relationship*”':

/12
I:cor - I:obs x e('%xﬂ%m) @

where F_ and F _ are the corrected and observed
fluorescenceintensities, respectively. A, and A, are
the absorbance values of the system at excitation and
emission wave engths, respectively. Thefluorescence
intensity used inthis paper was corrected.

Procedures

Fluor escence quenching of the BSA-CPFX sys-
tems

Inatypical fluorescence measurement, 1.0 mL of
pH =7.40Tris-HCIl, 1.0 mL of 10.04M BSA solution,
and 0.0, 0.1,0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,and 4.0
mL of 0.1 mM CPFX wereadded into a10 mL colo-
rimetric tubesuccessvely. Thesampleswerediluted to
scaled volumewith water, mixed thoroughly by shak-
ing, and kept static for 20 min at different temperatures
(298 and 303 K). The excitation and emission wave-
lengthsfor BSA were 280 and 342 nm, respectively,
withtheexcitation and emisson dit widthsset at 5 nm.
Meanwhile, we made use of thefluorescenceintensity
of BSA without any drugs asFO to study thequenching
effectsof CPFX to BSA.

Sitemarker competitiveexperiments
Thesitemarker WF, IB, or DG was, respectively,
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added to the mixture of thebinary systems described
above, and theratio of each sitemarker and BSA was
kept at 1. The procedure wasthe same asthat in Sec-
tion 2.3.1 above. We made use of thefluorescencein-
tensity of BSA only with stemakersasF to study the
primary binding sitefor CPFX on BSA.

Effectsof syntheticfood colorantson theinterac-
tion between CPFX and BSA

Tris-HCI, BSA (sameas Section 2.3.1), 1.0 mL of
20.0uM TTZ (or SY, ETS) solution, and 0.0, 0.1, 0.5,
1.0, 15,20, 25, 3.0, 3.5 and 4.0 mL of 0.1 mM
CPFX were added into a10 mL colorimetric tube suc-
cessively. Theprocedurewasthe sameasthat in Sec-
tion 2.3.1 above. Meanwhile, makeuseof thefluores-
cenceintengty of BSA-food colorantswithout any drugs
asF, tostudy theeffects of synthetic food colorants
ontheinteraction between CPFX and BSA. Then, fluo-
rescence spectrawere measured asprevioudy described
with different concentration of food colorants(50.0uM)
todiscusstheinfluencesof their concentrationson drugs’
binding.

RESULTSAND DISCUSSION

Fluorescence quenching of thebinary systems
Proteinsare considered to haveintrinsic fluores-

(Al

L " f
300 350 400 450 500

Wavelength (nm

—=== Regular Paper

cenceduetothepresence of amino acids, mainly tryp-
tophan, tyrosine, and phenylaanine. Figure 2 showed
that theemiss on spectraof CPFX and BSA wereover-
lapped. Thefluorescencedifference spectraof BSA-
CPFX system wereobtained to eliminatetheinterfer-
ence by subtracting the spectraof the CPFX in Figure
3(A) from that of the corresponding BSA-CPFX in
Figure2. Theresultswere shownin Figure 3(B). It can
be seen that the addition of CPFX caused agradual
decreaseinthefluorescenceemissonintengty of BSA.
Thefluorescenceintengitiesof BSA-CPFX systemusd
inthispaper wereat 342 nminthefluorescencediffer-
ence spectra.

4=
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Figure 2 : Quenching fluor escence spectra of BSA-CPFX

systems(T=298K).C,., =1.0uM, a~f,C_,_, =0.0,5.0,10.0,

CPFX
20.0,30.0, and 40.0uM, respectively.
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Figure3: (A) Fluorescence spectraof CPFX; (B) Fluor escencediffer encespectraof BSA-CPFX sysem obtained by subtracting

Figure 3(A) from Figure 2 (T =298 K). C_., = 1.0xM in all systems, a~f, C

respectively.

Fluorescence quenching can occur by different
mechanisms, it may bedynamic quenching, resultingfrom
thecollisional encounter between thedrug and protein,
or static quenching, resulting from theformation of a
ground-state complex between the drug and protein.
Higher temperaturewould result infaster diffusionand
typicaly the dissociation of weekly bound complexes,

=0.0,5.0, 10.0, 20.0, 30.0, and 40.0 uM,

CPFX

leading to larger amount of dynamic quenching and
smaller amountsof static quenching, respectivelyi™. In
order to confirm the quenching mechanism, thefluores-
cencequenching dataareandyzed by the Stern-Volmer
equation*?

Fy/ F =1+ K7 [Q] = 1+ K, [Q] @

e, BIOCHEMISTRY
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where F, and F arethefluorescenceintensitiesin the
absence and presence of quencher, respectively. 7 is
theaveragelifetime of fluorescencewithout quencher,
whichisabout 10®s, K isthe Stern-Volmer quench-
ing constant, Kq isthe quenching rate constant of bio-
molecule, and [Q] isthe concentration of the quencher.
Based on thelinear fit plot of F /F versus[Q], theKq
value can be obtained. The calculated results are
shownin TABLE 1. At different temperatures, the
values of K, were much greater than the maximum
diffusion collision quenching rate constant of various
drugswith proteins (2 x 10°°M-1S1). This showed
that the quenching wasnot initiated by dynamic colli-
sion but viaformation of complexes. In addition, the
valuesof K . decreased with theincreasein tempera-
ture. Thisalso suggested that thequenching wasagtatic
process.

When smadl mol eculesbind independently to aset
of equivaent Siteson amacromol ecule, the binding con-
stant (K) and the numbers of binding sites (n) can be
determined by(*34
Iog[%]:nlog Ka+nlog{[Dt]—nF°7F[B‘]} ©)

Fo

where [Q] and [B] are the total concentration of
quencher and protein, respectively. Thecurveof Ig[(F,
- F)IF] versusIg{ [Q]-n[B](F-F)/F } isdrawn and
fitted linearly ontheassumptionthat ninthebracketis
equal to 1. Thevalue of n obtained from the slope of
the plot is substituted into the bracket and the curve
aboveisdrawn again. Inthat way, thevaluesof nand
K, can be obtained by iteration method. The corre-
sponding ca culated resultswereshownin TABLE 1. It
showsthat the value of n was approximately equa to
1, which indicated that therewas one class of binding
sitesof CPFX on BSA. Meanwhile, thevaluesof K
decreased with theincreasing temperature, further sug-
gested that the quenching was astatic processfor the
dissociation of bound complexes.

TABLE 1: Quenchingreactive par ameter sof BSA and CPFX

TIK)  KfMTS?H R? KJMYH  n R°
208 3.13x102 09954 3.02x10* 121 0.9991
303 2.96x102 09932 2.71x10* 1.02 0.9924

Reisthelinear relative coefficient of F /F ~[Q]; R°isthelinear
relative coefficient of log(F, “ F)/F ~log{[Q] “ n [B](F, « F)/
F. Ky is the quenching rate constant; K_ is the binding con-
stant; n isthe number of binding site.

BIOCHEMISTRY (mm—

Typeof interaction force of thebinary systems

Theinteraction forcesbetween thesmall organic
mol eculeand biol ogical macromoleculeinclude hydro-
phobic force, hydrogen bond, Van der Waals force,
and dectrogtaticinteractions. Thesignsand magnitudes
of thethermodynami c parametersenthd py change (AH)
and entropy change (AS) canaccount for themainforces
involved inthebinding reaction. Thereaction entha py
change can beregarded asconstant if thetemperature
changeslittle. Negative AH and positive ASindicate
that electrostatic interaction playsamajor roleinthe
binding reaction. Postive AH and ASaregenerdly con-
Sidered astheevidencefor typical hydrophobicinter-
actions. Inaddition, Vander Waal sforceand hydrogen
bonding formationinlow dielectric mediaare charac-
terized by negative AH and AS™. Theinteraction pa-
rameters can be calculated on the basis of the van’t
Hoff equation*®

nKe_(1_1)8H
K, T, T, R

4

nk =21 as @
RT R

Thefreeenergy change AG at different tempera-
turescan becalculated from
AG =AH -TAS ©)

Accordingto thebinding constantsKa of CPFX to
BSA at the two temperatures above, the thermody-
namic parameterswere obtained. Therefore, theval-
uesof AH’, A4S, and 4G’ were-16.22 kJmol?, 31.32
Jmol* K-, and -25.56 kJ mol* (T = 298 K), respec-
tively. Thenegativevaueof AG clarified anautomatic
reaction between CPFX and BSA. Thenegativevaue
of AH and positive value of ASshowed that CPFX
mainly boundto BSA by the e ectrostatic attraction.

I dentification of thebinding sitesof CPFX on the
BSA.

Crystd structureanaysishasreveal ed that theter-
tiary structure of serum abuminiscomposed by three
domains: I, 11, and I1l. Each domainiscongtituted by a
cylinder formed by six helices, and each one of these
domainsisconstituted by two subdomainsformed by
threehelicesthat are cova ently linked by their double
Cysbridge™. Theprincipal regionsof ligand binding
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stesof abumin arelocated in hydrophobic cavitiesin
subdomainllA and [1IAR8, Therearethreebinding sites
inabumin, namely, sitel, Il, and 1. X-ray studiessug-
gested that sitel and Il arelocated in subdomain [1A
and 1A of albumin, respectivey*¥.Many ligandsbind
specificaly to serumabumin, suchasWFfor sitel, IB
for sitell, and DG for sitelll %24, |n order to identify
thebindinglocation of CPFX onBSA, stemarker com-
petitive experimentswere carried out using somedrugs
mentioned above.

Thebinding constantsof systemsinthe presence of
stemarker (WF, 1B, and DG resp.)K were obtained
accordingto Section2.3.2. The (51 representstherate
of changeof binding constantsfor systemsafter adding
stemarkers. It was determined using

K —-K
<01=( aK a) ©

where K isthe binding constant of the BSA-CPFX
systemsintheabsenceof stemarkers. TABLE 2 gives
the corresponding cal cul ated results. Thevauesof O,
wered|l negative, indicating thebinding constants of the
binary systemsin the presence of site markers were
decreased. Themost descendent werethesystemswith
adding WF, indicating the presence of competition for
the same binding site of BSA when WF and CPFX
coexist. Theaboveexperimentd resultsdemonstrated
that the binding of CPFX to BSA wasmainly located
withinsitel (subdomainliA).

TABLE 2: Binding constantsK_'number of bindingsitesn
and therateof changeof binding congants 01 for BSA-CPFX
system with adding site maker sreagents(T =298 K).

System Kol (M) n @ (%)
BSA-WF-CPFX 2.03x10* 0989  ?328
BSA-IB-CPFX 2.70x10* 1.04 210.6
BSA-DG-CPFX 2.84x10*  0.935 76.96

Effectsof syntheticfood colorantson thebinding
constantsbetween CPFX and BSA

Thefluorescence quenching spectraand difference
spectraof BSA-CPFX system in the presence of syn-
theticfood colorants(suchasSY) areillugtratedin Fig-
ure4.Westudied effectsof TTZ, SY, and ETSonthe
binding constants between CPFX and BSA according
to(3). The 02 representstherate of changeof binding

= Regular Paper

congtantswith synthetic food colorantsadded in BSA-
CPFX system. It wasdetermined using

:( Ka" - Ka(BSA—CPFX) )

@
? Ka( BSA-CPFX) @

whereK_"isthebinding constant of the BSA-CPFX
system in the presence of synthetic food colorants.
TABLE 3 givesthe corresponding cal cul ated results.
The negative 02 values showed the synthetic food
colorants made theformation of BSA-CPFX moredif-
ficult. Thiswasattributed to thesitel for food colorants
and CPFX on BSA. Thefood colorants could com-
petewith CPFX for thebinding stesfrom BSA. Mean-
while, thecombination abilities of these syntheticfood
colorants with BSA were stronger than CPFX with
BSA. Probably, food colorantsinduced therel ease or
displacement of CPFX fromitsbindingsitesin BSA,
and hencethefree, biologica activefraction of CPFX
increased. Thevaluesof O, increasedinfollowingor-
der: ETS<TTZ < SY, suggesting theinfluences of food
colorants on the BSA-CPFX complex followed the
pattern: ETS> TTZ > SY. Theseresultsindicated that
theincreaseof the combination ability of food colorants
to BSA might enhancethe competition with BSA and
deepen theinfluences of food col orantson theforma
tion of BSA-CPFX complex. Thevauesof O, were
much smaler with theincreasein the concentration of
food colorants. It showed that the competition of food
colorantsand CPFX was enhanced and thefreefrac-
tion of CPFX further increased. Inaddition, all systems
had agood linearity. The presence of the synthetic food
colorantsdid not affect the number of binding site of
BSA-CPFX system, whichwasstill about 1.

Binding distancesbetween thedrugsand BSA in
the absence and presence of synthetic food
colorants

Theoverlap of UV-visabsorption spectraof CPFX
with the fluorescence emission spectraof BSA and
BSA-syntheticfood colorants(such asSY) wereshown
inFigure5. According to F orster’s theory, the energy
donor and theenergy acceptor distancer israedwith
thecritical energy transfer distance R jand energy effi-
ciency E can becalculated by the formuld?2:

_F__ R

Fo (RS +1°) ®)
R% =8.78x10 *K*ON™J

e, BIOCHEMISTRY

E=1

Hn Tndéan g%wumé



42 Investigation of the competition interactions

BCAIJ, 8(1) 2014

Regular Poper ===

B0

40

Fluorescence intensity ()

340 360 280 400 420

Wiavelength (nm)

Fluorescence intensity (aw,)

g b |
00 320 40 360 380

Wavelength (nm)

Figure4: (A) Quenching fluorescence spectra of BSA-SY-CPFX system; (B) Fluor escence differ ence spectr a of BSA-SY-

CPFX system obtained by subtracting Figure 3(A) from Figure4(A). C,,, =1.0uM, C_, =5.0uM, a~f,C

10.0, 20.0, 30.0, and 40.0, respectively, T =298 K.

TABLE 3: Binding congtantsK_ ", number of binding sitesn
and therateof changeof binding constants Ozfor BSA-CPFX
systemin thepresenceof food colorantsat 298 K.

Coolorants " 1 b
System Ka (M™) n R ?2(%)
(uM)
2.0 277x10" 125 09988 7828
BSA-ETS-CPFX
5.0 212x10° 0984 09991 ?29.8
2.0 287x10° 1.06 09972 ?4.97
BSA-TTZ-CPFX
5.0 239x10° 111 09912 2209
2.0 291x10° 111 09984 ?3.9
BSA-SY-CPFX
5.0 253x10° 101 09958 -16.2

R® The linear relative coefficient of Ig[(F, -F)/F] ~ 1g{[Q] -
n[Bt](F,- F)/F}.

0.2

0.15

Absorbance [au.)

Flugrescence intensity (aw )

Is0 400 440 480
Wavelength (nm)

n R i
280 320

Figure5: Fluorescence spectrafor BSA and BSA-SY and
absorbancespectrafor CPFX (T =298K).C,,, =C_,., =10.0

CPFX

uM inall systems; a: absor ption of CPFX; b: fluor escence of
BSA; c: fluorescence of BSA-SY, C, =2.0uM; d: fluores-
cenceof BSA-SY,C_, =5.0uM.

whereK?istheorientation factor, @ isthefluorescence
guantum yield of thedonor, N isarefractiveindex of
themedium, Jistheoverlapintegral betweenthefluo-
rescence emission spectrum of the donor and the ab-

BIOCHEMISTRY (mm—

I(uM): 0.0, 5.0,

CPFX

sorption spectrum of the acceptor, and Jisgiven by
;- D> F(eMAA
Y FM
whereF(1) isthefluorescenceintensity of thefluores-
cencedonor at wavelength A and ¢(1) isthemolar ab-
sorption coefficient of the acceptor at thiswavel ength.
Under these experimental conditions, it hasbeenre-

ported that K2=2/3, N=1.336, and ® =0.118. Thus,
J, E, RO, andr werecdculated asshownin TABLE 4.

TABLE 4: Energy trandfer efficiency (E) and parametersJ,r,
R, for systems.

©)

Ccolorants 3 1
System M) E(%) J(em°M™) Ro(nm) r(nm)
n
BSA-TTZ — 295 1.127x 10" 250 2.89
BSA-SY — 235 5181x 10" 220 2.67
BSA-ETS — 11.0 4536x 107  1.46 2.07
BSA-CPFX 0 236  7.43x10™® 2.33 2.83
2.0 222  7.44x10™® 2.33 2.87
BSA-ETS-CPFX
5.0 21.3  7.51x 10"® 2.34 2.91
2.0 233  7.43x10"* 233 2.84
BSA-TTZ-CPFX
5.0 226  7.36x 10™° 2.33 2.86
2.0 17.7  7.41x10°% 2.33 3.01
BSA-SY-CPFX
5.0 17.3  7.44x10°% 2.33 3.02

Thefluorescenceof BSA comesfromthetryptophan
residue 212 in subdomain 1A, sor isthedistance
between binding Stesand thisresidue. Tryptophanresi-
dueissituated in the hydrophobic cavity of BSA, thus
fat-solubledrugs havean easier accessto the cavity to
form complexeswithBSA. CPFX iswater solubleand
difficult to enter the cavity and the binding positionis
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relatively far from thistryptophan. Sothevauesr are
greater than the hydrophobic drug of Ligustrazine Hy-
drochloride (r=1.8nm). It appeared that the binding
distancesdecreased infollowing order: r(BSA-ETS-
CPFX) > r(BSA-TTZ-CPFX) > r(BSA-SY-CPFX)
> r(BSA-CPFX). Furthermore, with theincrease of
concentration of colorants, thevaluesof r increased.
Theseresultsindicated that thebinding stability of BSA-
CPFX complex decreased in the presence of synthetic
food colorants.

CONCLUSIONS

Coadministration of twoligandsmay influenceeach
other’s binding with protein. The binding constant of
BSA-CPFX system was decreased, and the binding
distancewasincreased inthe presenceof syntheticfood
colorantsTTZ, SY, and ETS. Hence, thefreefraction
of CPFX was increased, and the efficacy of CPFX
would be affected. Consequently, to avoid the compe-
tition between food col orants and drugs, food contain-
ing synthetic col orants should be minimized or forbid-
den during application of CPFX. Thispaper studied
only the influences of three widely used synthetic
colorantsTTZ, SY, and ETS on the efficacy of acom-
mon quinolonesCPFX. However, theinfluencesof other
pigments and thoseillegally added pigmentssuch as
sudan red and bromocresol green on the drugs, which
contribute to common diseases|ike hyperlipemia, hy-
perlipidemia, cancer, and diabetes, were not proved,
and therefore, further research is expected.
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