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Withdrawal Times of Ciprofloxacin in Oliver Flounder
(Paralichthys olivaceus) after Oral Administration
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Ciprofloxacin is the most commonly used fluoroquinolones for treating bacterial disease in olive flounder
(Paralichthys olivaceus) farming, but its withdrawal time for industrial-scale farming has not been established.
The depletion of ciprofloxacin was investigated in the olive flounder under field conditions. Fish were
kept in an inland fish farm and fed a commercial diet containing 5 mg/kg of ciprofloxacin for 13 days.
Seven fishes per sampling time were examined during and after the treatment. Ciprofloxacin and its major
metabolite, enrofloxacin, were analyzed using HPLC with a fluorescence detector. The concentrations of
ciprofloxacin and enrofloxacin in muscle increased during the medication period, and then decreased rapidly.
The ciprofloxacin and enrofloxacin concentration in the olive flounder peaked on days 11 and 13, respectively,
with maximum concentrations in muscle of 0.58 and 0.73 mg/kg. Residual ciprofloxacin and enrofloxacin
were eliminated rapidly; 6 days after treatment, the respective levels in muscle were 0.04 and 0.10 mg/kg
and neither was detected 15 days post treatment. The level of ciprofloxacin accumulation at the beginning
of oral administration was variable according to the farming conditions, but the overall exhaustion time
was similar. In conclusion, an adequate withdrawal period for enrofloxacin is 15 days in the case of oral
ciprofloxacin administration.
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Table 1. HPLC instruments and analysis conditions for fluoroquinolone

ltem Analysis condition

HPLC system Shiseido nanospace Si-2

Detector Fluorescence Ex 280 nm, Em 450 nm

Column temp 35°C

Flow rate 1 ml/min

Column 4.6 mL 1Dx250 mm (Shiseido UG-120 type Cis)

Injection volume 20 pb

Mobile phase Acetonitrile : 0.1 M Phosphoric acid (Added to tetrahydrofuran 5 mL, pH 2.5)=9:91
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Fig. 1. Calibration curves of ciprofloxacin and enrofloxacine

standard solution. A, ciprofloxacin; [], enrofloxacin.
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Table 2. Average recovery of ciprofloxacin and enrofloxacin in olive flounder muscle

Fluoroquinolone Fortified level (mg/kg)

Recovery (%) (MeantSD, n=3)

Coefficient of variation

0.05
Ciprofloxacin 0.1
0.5

0.05
Enrofloxacin 0.1
0.5

99.31124 12.45
104.3+2.1 1.97
103.5+8.2 7.91

94.7+9.3 9.81

97.3+0.5 0.48

- 100.0£9.8 9.76
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Fig. 2. Concentration-time curve of ciprofloxacin in the
muscle of olive flounder after oral administration of cipro-
floxacin. @, 1st exam; O, 2nd exam.
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Table 3. Depletion of ciprofioxacin in the muscle of olive
flounder after oral administration of ciprofloxacin

Day 1st exam. 2nd exam.
(Averagex8.D) (Average+S.D)
Before feeding 0°* 0°
Feeding 3-d 0.13+0.08" 0.13+0.12°
Feeding 6-d 0.12+0.12% 0.30+0.18"
Feeding 9-d 0.22+0.09% 0.41£0.12%
Feeding 11-d 0.22+0.21% 0.55+0.12°
Feeding 13-d 0.29+0.17° 0.46+0.23°
Depletion 3-d 0.16+0.08° 0.34£0.14°
Depletion 6-d 0.03£0.01° 0.05+0.03°
Depletion 10-d 0.01£0.01° 0.0110.00°
Depletion 15-d 0° 0°
Depletion 20-d o° 0°
Depletion 25-d 0° 0°
Depletion 30-d 0° 0°

*Different superscript letters mean significance at the 0.05
level.
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Fig. 3. Concentration-time curve of the levels of ciprofloxacin
in the muscle of olive flounder after oral adminstration of
ciprofloxacin. @, 1st exam; O, 2nd exam.
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