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Studies on the Binding Mechanism of Several Antibiotics and
Human Serum Albumin
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Abstract The binding characteristics of antibiotics, cefotaxime sodium, oxacillin, amoxicillin, norfloxacin
and enoxacin with human serum albumin (HSA) were studied by fluorescence spectrometry. These drugs
guenched the HSA fluorescence via a nonradiative energy transfer mechanism. The binding constants (Ka)
and binding sites (n) for drug-HSA were obtained by an improved analysis method to process the experi-
mental data. The values of K, obtained were 1.98 10%, 1.01X 10°, 1.38X 10°, 597X 10" and 7.15x 10
Lemol ' for cefotaxime sodium-HSA, oxacillin-HSA, amoxicillin-HSA, norfloxacin-HSA and enox-
acin-HSA, respectively, at 26 C. The vaues of n were 1.16, 0.86, 1.19, 0.91 and 0.93, respectively, for
these drugs in the above order. The electrostatic interaction was found to be main acting force in the studied
systems.

Keywords human serum albumin; cefotaxime sodium; oxacillin; amoxicillin; norfloxacin; enoxacin; fluo-
rescence quenching
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Figurel Molecular structures of cefotaxime sodium (1), oxacillin (2), amoxicillin (3), norfloxacin (4) and enoxacin (5)
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Figure2 Effects of cefotaxime sodium (1), oxacillin (2), amoxicillin (3), norfloxacin (4) and enoxacin (5) on the fluorescence spectra of

human serum albumin (HSA)

Ceefotaxime sogium fFOM top to bottom: 0, 2.00, 4.00, 6.00, 8.00, 10.00, 12.00 and 14.00 (X 10°° moI-L’l); Coxadillin from top to bottom: 0, 0.15, 0.74, 1.47, 2.94, 5.89,
11.78 and 14.71 (X 10~ * molsL. ™%); Camoxiciniin from top to bottom: 0, 0.50, 1.00, 2.00, 4.00, 6.00, 8.00 and 10.00 (X 10~ * molsL ™); Crurfioxadn from top to bottom: 0.00,
2.04, 4.08, 6.12, 8.16, 10.20, 12.24 and 14.28 (X 10 ° moleL ™%); Cenoxain from top to bottom: 0.00, 2.00, 4.00, 6.00, 8.00, 10.00, 12.00 and 14.00 (X 10 ® mole

L™); chsa=1.0X10 *molsL™*
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Table1l Binding constants and binding sites of the drugs and HSA (26 C)

Method 1 Method 2 Method 3
Drug - - -
Ka/(Lemol %) n Ka/(Lemol %) n Ka/(Lemol %)
Cefotaxime sodium 1.98x 10* 1.16 1.38x 10° 1.21 1.54% 10*
Oxacillin 1.01x 10° 0.86 2.07 X 10? 0.71 1.85x10°
Amoxicillin 1.38x10° 1.19 536X 10° 1.19 1.14X 10°
Norfloxacin 5.97x10* 0.91 4.62x 10 1.00 4.47x 10"
Enoxacin 7.15% 10* 0.93 7.55% 10* 1.03 521X 10*
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Figure 3 Plots of log[(Fo—F)/F] vs. log[[D{-+m(Fo—F)/Fg]

for (1) cefotaxime sodium, (2) oxacillin, (3) amoxicillin, (4) nor-
floxacin and (5) enoxacinat 26 C
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Figure4 Plots of log[(Fo—F)/F] vs. log[Dy] for (1) cefotaxime
sodium, (2) oxacillin, (3) amoxicillin, (4) norfloxacin and (5)
enoxacinat 26 C
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Table2 Thermodynamic parameters of drug-HSA binding reaction
Drug AH1/7 AH2/7 AH3/7 AGlli AGzli AG3/7 ASlli ASZ/7 ASg/i
(kIFmol ™  (kFmol ™Y (kFmol ™) (kIFmol™) (kFmolY) (kFmol™l) (Fmol™d (Femol™H (Jmolh
Cefotaxime sodium —7.46 —8.78 —9.49 —24.15 —24.61 —25.19 57.33 52.95 50.64
Oxacillin —11.75 —12.73 —10.86 —17.06 —17.21 —17.37 18.24 14.98 21.02
Amoxicillin —19.46 —4.19 —6.37 —23.13 —23.71 —24.43 72.75 65.25 76.70
Norfloxacin —13.58 —12.29 —14.67 —27.90 —27.80 —27.01 46.18 50.33 4241
Enoxacin —1251 —10.00 —13.42 —27.39 —27.80 —28.45 51.10 50.51 48.49
. 3 Inorg. Biochem. 2000, 78, 341.
0.187 4 Bi,S-Y. Ding, L. Tian, Y.; Song, D.-Q.; Zhou, X.; Liu, X.;
0.16] Zhang, H.-Q. J. Mol. Sruct. 2004, 703, 37.
0.141 5 Bi, S-Y.; Song, D-Q.; Tian, Y.; Zhou, X Liu, Z-Y;
0127 4 Zhang, H.-Q. Spectrochim. Acta, Part A 2005, 61, 629.
5 0.107 2 3 6 Iwatsubo, T.; Hirota, N.; Ooie, T.; Uzuki, H.; Sugiyama, Y.
% 0.08 Biopharm. Drug Dispos. 1996, 17(4), 273.
0-06‘_ 7 Scatchard, G; Ann, N. Y. Acad. <ci. 1949, 51, 660.
0.047 : 8 Alain, M.; Michel, B.; Michel, A. J. Chem. Educ. 1986,
0.02 63(4), 365.
0.00 — T T T T 9 Jiang, C.-Q.; Gao, M.-X.; Meng, X.-Z. Spectrochim. Acta,
0 1000 2000 3000 4000 5000 Part A 2003, 59, 1605.
ViFolDil) 10 Yi, P-G; Liu, J-F; Shang, Z.-C.; Yu, Q.-S. J. Spectrosc.
B5 U(Fo—F)s5 U(FDY)NK R iL Spec. Anal. 2001, 21, 826 (inChiness).
Figure 5 Plots of 1(Fo—F) vs. 1(Fo[Dy) for (1) cefotaxime (FoF 5%, KR, FAA, @O, AHF 5 HEIH,
sodium, (2) oxacillin, (3) amoxicillin, (4) norfloxacin and (5) 2001, 21, 826.)
enoxacin at 26 C 11 Bi, S-Y.; Song, D.-Q.; Kan, Y.-H.; Xu, D.; Tian, Y.; Zhou,
X.; Zhang, H.-Q. Spectrochim. Acta, Part A 2005, in press.
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