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ZF02HAEE A FAAEY] H7138E AFE FHE Ho]2E A (carbon paste electrode ;
CPE)S AMg3le] 48k HPHFH (cyclic voltammetry)?t Vl=a} 2 B17] [APAFH (square
wave adsorptive stripping voltammetry) 2.2 <--38+9 t}. Enrofloxacin (ENR), Norfloxacin (NOR),
Ciprofloxacin (CIP), Ofloxacin (OFL), Levofloxacin (LEV) & 5714 ZFQZ =2 A A
gk 71818k 2498 38t pH 4.5%1 oM EAE 9 89 (acetate buffer) A EF2=
A=z A gAY A5k AE Ag/AgCl 712 Aol tiate] ZH2t ENR:0.952'V, NOR: 1.052V,
CIP:1.055V, OFL:0.983V, LEV:0.990V €] g& vebliglon, vimst 32 yig A9
Foll ok st AF= 0.2 uMellA 1 uM Atele] SEFGelA 7t FAA Y] et HES
HER AT

Abstract : Electrochemical behavior of fluoroquinolone antibacterial agents on carbon paste
electrode (CPE) were investigated by cyclic voltammetry and square wave adsorptive stripping
voltammetry. The fluoroquinolone antibacterial agents tested in this study were Enrofloxacin
(ENR), Norfloxacin (NOR), Ciprofloxacin (CIP), Ofloxacin (OFL) and Levofloxacin (LEV). In
acetate buffer at pH 4.5, the oxidation peak potentials of the fluoroquinolone antibacterial agents
of ENR, NOR, CIP, OFL, and LEV were 0952V, 1.052V, 1.055V, 0.983 V, and 0.990 V (vs.
Ag/AgCl), respectively. And their oxidation peak currents from square wave adsorptive stripping
voltammograms are proportional to the concentration of each antibacterial agent over the range
from 0.2 uM to 1 uM.

Keywords : Fluoroquinolone, Antibacterial agents, Carbon paste electrode, Square wave adsorptive
stripping voltammetry

*E-mail: tdchung@snu.ac.kr, parksejin70@naver.com

—63 —



64 J. Korean Electrochem. Soc., Vol. 13, No. 1, 2010

.M £

2292t (nalidixe acid) > ZHH EE 2F
L2F=E (fluoroquinolone)Zl A= o] FHI=
(heteraromatic), 152t (bicyclic structure)yS 7FA]aL o
DNA BAe] 223 §421 DNA #fel#o]2 (DNA
gyrase)?} A5l DNA 34 ZRE ol Alte] &
2E AAlstes FleE dHA Jow, a1 W A+,
a3 24 Aldse] vAEe BEd 235 7R= A
o2 BT o] ot} FrolE oA A5 HF
o2 g AME QTR Sl SARES} AREe] Al
g Adel Wz 9 XRE A S5k AR
EF02HAEE A FAE Bol AR g

e} o5 A 2802 Q1% EAIER KEgh
Az BA7E =AL Sl A7), AF ol 2Rk
A= FRAE AR dFHAH =W 2 A wiZol
A el Mgl FAA gigt Wde 7KA
A=) WS Al d Folls dHe AEE 2181
FYAE FostAE X571 =AY HUA He
2hgo] AT}, o]} o] X A7} Aol mIX=
P ek gl Ae BAE AHE Qe o]
e A= SFEe] Ax iAot &
2HE 71 Aol 2t A AE AP RiEAl 22
gk, @Al Barse] e AAle] HE WHO 2= high
performance liquid chromatography (HPLC),>” UV-
visible, fluorescence Detection®”S ©]-&3F FAJHo)
ATt o] BAHELS A3t HEo] rhestal Sn]Ee]
A= £2 Hes BT 18 Fu|e 7H4o]
HR S A7) sk WEe] F7bo] " 8siar
ARgshEYl Qo] slgdH]ol 53] <HE dEt
Hgslrhs @do] St

N,

w1 Aol wushe d7lslel AEwe r)e
WEo] TR Qe ASE fAs

ol A/1shetA WS ol8e AEHS A gty
o5 frelsith.

2 dFxe, EFEAEE A FAAR] Enro-
floxacin (1-Cyclopropyl-7-(4-ethyl-1-piperazinyl)-6-
fluoro-1,4-dihydro-4-oxo-3-quinolone carboxylic acid ;
ENR), Norfloxacin (1-ethyl-6-fluoro-4-oxo-7-piperazinyl-
1H-quinoline-3-carboxylic acid ; NOR), Ciprofloxacin (1-
cyclopropyl-6-fluoro-4-oxo-7-piperazinyl-quinoline-3-
carboxylic acid ; CIP), Ofloxacin (9-fluoro-2,3-dihydro-3-
methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de]-1,4-benzoxacine-6-carboxylic acid; OFL),
Levofloxacin ((-)-(S)-9-fluoro-2,3-dihydro-3-methyl-10-
(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[ 1,2,3-de]-1,4-
benzoxazine-6-carboxylic acid hemihydrate (I) ; LEV)
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Fig. 1. Chemical structures of Enrofloxacin (ENR), Norfloxacin (NOR), Ciprofloxacin (CIP), Ofloxacin (OFL) and

Levofloxacin (LEV).
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2.1. Al

EFo=2HAEE 7 AL Enrofloxacin (ENR),
Norfloxacin (NOR), Ciprofloxacin (CIP), Ofloxacin (OFL),
Levofloxacin (LEV) - Sigma-Aldrich o4 Fwa}5iT.
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Fig. 2. Cyclic voltammograms and calibration curves of ENR without adsorption of ENR at the electrode surface.
Cyclic voltammograms were acquired under the following conditions; the concentration of ENR and scan rate were
10 UM and 100 mVs’, respectively. Dashed line is the results of background solution. Calibration curve was obtained by
square wave voltammetry. The parameters of the square wave adsorptive stripping voltammetry are frequency
f =60 Hz, pulse amplitude = 50 mV, and scan increment s =10 mV.
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Fig. 3. Cyclic voltammograms and calibration curves of fluoroquinolone antibacterial agents in acetate buffer (0.1 M,
pH 4.5) with adsorption at the electrode surface. (A) ENR, (B) NOR, (C) CIP, (D) OFL, and (E) LEV. Cyclic
voltammograms were acquired under the following conditions; the concentration of each fluoroquinolone antibacterial
agent and scan rate were 10 UM and 100 mVs ', respectively. Dashed and solid lines are the results before and after
accumulation at 0V vs. Ag/AgCl for 120 s. Calibration curves were obtained by square wave adsorptive stripping
voltammetry. The parameters of the square wave adsorptive stripping voltammetry are frequency f =60 Hz, pulse
amplitude = 50 mV, and scan increment s =10 mV.
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Table 1. Oxidative peak potential and sensitivity of ENR,
NOR, CIP, OFL and LEV

ENR NOR CIP OFL LEV
En/V vs. Ag/AgCl 0952 1.052 1.055 0.983 0.990
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Fig. 4. Determination of total concentration of ENR, NOR, CIP, OFL and LEV. (A) Square wave adsorptive stripping
voltammogram of the solution mixed with S antibiotics (ENR, NOR, CIP, OFL, LEV). Dashed and solid lines are the results
before and after accumulation at 0 V vs. Ag/AgCl for 120 s, respectively. (B) Calibration curves for the total concen-trations
from 0.2 to 1.0 LM of the antibiotics were plotted based on square wave adsorptive stripping voltammograms.
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