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ABSTRACT

The interaction between chitosan macromolecular prodrug of 5-fluorouracil (CS-5-FU) and bovine serum albumin
(BSA) was investigated by fluorescence quenching technique under the simulative physiological conditions. The
guenching mechanism of fluorescence of BSA by CS-5-FU was discussed. The binding constants and the number of
binding sites were measured. The values of thermodynamic parameters 4G, AH, and 4S were calculated at three
different temperatures. Apparent binding constant and binding sites were obtained. The results showed that the
interaction between CS-5-FU and BSA agrees well with the site-binding model.
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INTRODUCTION

5-fluorouracil (5-FU) as antitumor agents is wideked for gastrointestinal, pancreas, breast, caagycolorectal
cancer for several decades[1]. Unfortunately, 5extibited serious toxicity and aroused many sidec&d[2]. In

addition, it has a short plasma half-life periodL6f20 min in vivo. In order to prolong its halfdiperiod and then
reinforce antitumor curative effects as well asigmite the side effects[3]. Macromolecule prodruf§s-&U have

been studied to overcoming these problematic didete[4—6]. Chitosan (CS) is one of the widely disaolecules
in drug carriers for its biodegradability, biocortipdity and nontoxic properties[7].

Serum albumins are the most abundant proteinsoiodbiBovine and human serum albumins display apprately
76% sequence homology, and the 3D structure of B3%lieved to be similar to that of HSA[8]. Besigdbecause
of its medical importance, low cost, ready availghiunusual ligand-binding properties, and theutés of all the
studies are consistent with the fact that humankawine serum albumins are homologous proteinst 8ooften
selected as protein model in the related reseaotk[9].

In the present paper, the CS-5-FU conjugates werthasized according to previously reported meth@Hd[And
then the interaction between CS-5-FU and BSA wagstigated using fluorescence approaches. The ngndi
characteristics between CS-5-FU and BSA were desdrand the conformational changes of BSA wereoezdl
The aim is expected to provide important insiglt ithe interaction of the physiologically importasibmolecules
of CS-5-FU and BSA.

EXPERIMENTAL SECTION

All fluorescence measurements were carried oututiitoa Cary Eclipse 300 FL spectrophotometer (Varian
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Company, USA). For the fluorescence measuremehin8. of 4.0 x1@ mol-L* BSA solution and various amount
of CS-5-FU were added to a 1.0 cm quartz cell witiicro-injector. The concentrations of CS-5-FU eveanged
from 0 to 9.6x10 mol-L’. And the total accumulated volume of CS-5-FU wasgneater than 10QL. The
corresponding fluorescence emission spectra weire ribcorded at 288, 298 and 308K in the range 6300 nm
upon excitation at 290 nm in each case.

Bovine serum albumin (purity 98%) was purchased from Sino-American Biotechnpl@gmpany (China) and
used without further purification. 5-fluorouraciyfrity: 99%) was purchased from Shandong Xi BoL&l, (China).
Chitosan (deacetylation degree 90%, relative molecular mass 1.0%)lGvas purchased from Golden-Shell
pharmaceutical Co., Ltd. (China). The compound @3J5was prepared in our laboratory according to the
literature[10].

RESULTS AND DISCUSSION

Analysis of fluorescence quenching of BSA by CS-5F

The fluorescence spectra of BSA with varying comadions of CS-5-FU are shown in Figure 1. The faszence
of BSA regularly decreased with the increasing eoiation of CS-5-FU, indicating that CS-5-FU imateted with
BSA and quenched its intrinsic fluorescence. Butsignificant shift of the emission maximum waveldngvas
observed.
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Figure 1 Fluorescence spectra of BSA in the presemof various concentrations of CS-5-FU at 290K, gga= 4.0uM. a—i: Ccssru=0, 12,
24, 36, 48, 60, 72, 84, M

In order to confirm the type of BSA fluorescencesnqching, the fluorescence intensity data was theryaed
according to the Stern—Volmer equation[11]:

F
FO=1+ Ks [Ql (1)

whereF,andF are the fluorescence intensities at 346 nm in bse@ce and presence of quencher, respecti@ly. [
is the concentration of quencher, alg, is the Stern—Volmer quenching constant. The ptdts, /F against
[CS-5-FU] were drawn (shown iRigure 2) at 290, 300, and 310 K, and the slopeach plot corresponds to the
Stern—Volmer quenching constd€d, at different temperature.

Two quenching mechanisms, namely dynamic quenchimg static quenching, can be differentiated byrthei
dependence on temperature and viscosity as wdllydgetime measurements[12]. Dynamic quenchingeheis
upon diffusion: higher temperatures result in lardé&fusion coefficients. As a result, the bimolé&ugquenching
constants are expected to increase with temperaging. In contrast, increased temperature ishlike result in
decreasing stability of complexes, and thus lovedues of the static quenching constants. It is @gyan Figure 2
that each plot exhibits a good linear relationskiprrelation coefficientR’ > 0.99) and the slope of the
Stern—Volmer plots decrease with the temperatusangj indicating that the main quenching mechanisim
fluorescence of BSA by CS-5-FU should be a statenghing process by forming a BSA-CS-5-FU complex.
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Figure 2 The Stern-Volmer Plots for the fluorescence quenching of BSBy CS-5-FU at three different temperatures. CBSA 4.0 uM

For a static fluorescence quenching, the fluoresealata at different temperatures was further exadusing the
Lineweaver—Burk equation[13]:

1 1 1
o=t )
Fo-F R KeRIQ]

whereF, andF are the fluorescence intensities at 346 nm iratience and presence of quencher, respectively. [Q]
is the concentration of quencher, aqg is the static quenching constant. The valuel, gand R? were calculated
and listed in Table 1, indicating that the LineweaBurk curve is linear and the stability of CS-8-BSA
complex is slightly reduced with increasing tempam All these results demonstrate characters tafics
guenching.

Table 1 Binding constant,, binding sitesn, and thermodynamic parameters of BSA-CS-5-FU systeat three temperatures

Kex10° a AH AS AG
TE  Cmory " R kmof) (molKY (kI mol)
200 9522 1.097 09964 2214
300 8141 1015 09934 2233
310 6094 1009 09984 16:57 19.23 2253

*R2 isthe correlation coefficient.

Thermodynamic parameters and nature of the bindingorces

The interaction forces between quencher and biacutds may include hydrophobic force, electrostatieractions,
van der Waals interactions, hydrogen bonds, etc]b4drder to elucidate the interaction of CS-5-kith BSA, the
thermodynamic parameters were calculated. If ththadpy change AH) does not vary significantly over the
temperature range studied, then its value andoftva® can be determined from the van't Hoff equation:

AH  AS
lgK =——+— 3
J RT R ©

whereK is the Lineweaver-Burk static quenching constambaresponding temperature aRds the gas constant in
this study[15]. The enthalpy chang&H) and the entropy changaS) were obtained from the slope and intercept of
the fitted curve of InK g against 1T, respectively. Then the free energy chang&)(was estimated from the
following relationship:

AG=AH-TAS 4
The values ofAH, ASandAG are summarized in Table 1. As seen in TabM1js a small negative value, whereas
AS is a positive value, and the main source\Gf value is derived from a large contributionA&f term with little

contribution from theAH factor. So the binding of CS-5-FU to BSA is anrepy driven process. The negative sign
for free energyAG) means that 5-FuAc binding to BSA is spontaneous.
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As the aqueous solution in the complex formatioraofaranth with BSA, the positive value &8 is regularly

regarded as an evidence of hydrophobic interactienause the water molecules that are arrangedandarly way
around the ligand and protein acquire a more randonfiguration[11]. Besides, the negatiél value observed
can be mainly attributed to hydrogen bonding, kitta electrostatic interaction[16]. So the bindofgAH to BSA

was driven mainly by hydrophobic force and hydrogends.

Apparent binding constant and binding sites
When small molecules bind independently to a segoivalent sites on a macromolecule, the equilibrbetween
free and bound molecules is given by the followgggation[17]:

F,-F

= lgK, +nlg[Q] (5)

g

whereF, andF are the fluorescence intensities before and diteatldition of the quenchefQ]is the concentration
of CS-5-FU K, is the apparent binding constant and n is the nuwblginding sites for drug—BSA interaction. Thus,
the intercept and slope values of the plot of IBgH)/F versus log Q] give theK, and n values. The values kf
and n at 290 K were obtained to be 7.552x1Gnol* and 0.9987, respectively. The correlation coedfits are
larger than 0.99 indicating that the interactiommien CS-5-FU and BSA agrees well with the sitedinig model
underlined in the above equation. The value ofughty equal to 1 indicates the existence of jus association
site.

CONCLUSION

In this paper, the interaction of CS-5-FU with BE&s been investigated by spectroscopic technidinesresults of
fluorescence quenching show that the probable duregenechanism of fluorescence of BSA initiatedCGfy-5-FU
is a static quenching process by a complex formagiol:1 mole ratio. The values of thermodynamiapeters
suggest that hydrophobic forces and hydrogen bpials a major role in stabilizing the complex. Tkisdy is
expected to provide some significant clues to clihiesearch and the theoretical basis for pharibggo
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