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Introduction                                                                                                          
The hybrid Bester sturgeon (Huso huso × Acipenser ruthenus) 

is one of the most important commercial fish species in the world. 
Farming of sturgeon in worldwide has increased in recent years 
and becomes an important issue in the wider context of global food 
supplies [1]. In Taiwan, the techniques for sturgeon culturing have  
been established in several fish farms. However, the high density of  

 
animals grown in agricultural facilities and fish hatcheries in either 
large- or small-scale fish farms increases the potential for disease 
outbreak. To minimize the impact of an outbreak spreading across 
an animal population, the use of drugs, especially antibiotics, in 
sturgeon aquaculture becomes very important [2]. Florfenicol (FFC), 
a fluorinated analogue of thiamphenicol and chloramphenicol, has 
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ARTICLE INFO abstract

Farming of sturgeon in worldwide has increased in recent years. The use of antibi-
otics to minimize the impact of disease outbreak in sturgeon aquaculture becomes very 
important. Florfenicol (FFC) is the only available antibiotic authorized for application in 
sturgeon aquaculture in Taiwan, but its residue and metabolism during breeding period 
are lacking. To determine the presence and distribution of FFC residue in Bester sturgeon 
after treatment and to obtain information about FFC withdrawal period for sturgeon cul-
turing, a simple, rapid, and reliable technique was developed to detect the pharmacoki-
netics and the residual of FFC. Using high performance liquid chromatography method 
with ultraviolet detector, we showed the FFC concentration in serum and its residue in 
muscle and liver overtime following oral administration. This paper details sampling and 
assay validation methods to demonstrate the application of the simple and reliable tech-
nique for FFC detection. Taken together, the protocol provides valuable insight that can be 
used to design optimal dosage regiments for aquatic veterinary applications.
Abbreviations:  Half-Lives (t1/2); Time to Maximum Concentration (Tmax); Maximum Con-
centration (Cmax); Mean Residence Time (MRT); Clearance (CL); Area Under the Concen-
tration-Time Curve from 0 h to Infinity (AUC0-Inf)); Apparent Volume of Distribution (V/F); 
Ultraviolet (UV); High Performance Liquid Chromatography (HPLC); Florfenicol (FFC); 
Limit of Detection (LOD); Relative Standard Deviation (RSD); Standard Error of the Mean 
(SEM); Limit of Quantification (LOQ)
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a synthetically produced broad antibacterial spectrum similar to 
chloramphenicol and stronger than thiamphenicol [3]. It has been 
widely used in veterinary as well as in aquaculture. 

Among 14 antibiotics authorized for application in Taiwan 
aquaculture, FFC is only available for sturgeon aquaculture. 
Nevertheless, there is a lack of understanding regarding FFC 
metabolism kinetics during breeding period. The overall goal 
is to determine the presence and distribution of FFC residue in 
Bester sturgeon after treatment to obtain information about FFC 
withdrawal period for sturgeon culturing. This paper and video 
describe the stepwise development of a simple, rapid, and reliable 
method for detecting the pharmacokinetics of FFC in serum, 
muscle and liver of Bester sturgeon. The details of sampling and 
assay validation methods as well as the representative results are 
shown to demonstrate the application of high-performance liquid 
chromatography (HPLC) method with ultraviolet (UV) detector. 
The simple and reliable technique can be utilized to design optimal 
dosage regiments for aquatic veterinary applications.

Materials and Methods
NOTE: All animal experiments were approved by the Institu-

tional Animal Care and Utilization Committee (IACUC) of National 
Chung-Hsing University, Taichung, Taiwan (approval ID: 98-61). 

Animal care was performed in compliance with the guidelines of IA-
CUC and the United States National Institutes of Health Guidelines 
for the Care and Use of Laboratory Animals. All efforts were exerted 
to minimize the number of animals used and their discomfort.

For the source and sample collection of experimental 
Bester Sturgeon-There is one session 4:46 min long, 
divided into the source of experimental Bester sturgeon 
(the first 2:16 min) and the sample collection of 
experimental Bester sturgeon (the last 2:30 min)

Experimental Fishes

a. Healthy Bester sturgeon, a cultured hybrid of Huso huso 
× Acipenser ruthenus (1,000  100 g) were obtained from a 
commercial farm (Han Si Fish Farm, Yilan County, Taiwan). 

b. Fish were fed a standard laboratory diet and kept on a 
12-h light/dark cycle at 23 ± 1°C in the Central Fish Disease 
Center, National Chung-Hsing University, Taichung, Taiwan. 

c. Animals were randomly assigned to treatment groups 
and housed in 300 L aquaria with a continuous flow of pH 6.8 ± 
0.4 aerated freshwater in the density of 6 fish / 91 cm × 51 cm 
[the bottom area (length × width) of the experimental cylinder] 
(Figure 1).

 

Figure 1: Experimental Bester sturgeon. SS
(A) Healthy Bester sturgeon (1,000  100 g) were obtained from a commercial farm in Yilan County, Taiwan. 
(B)	 Experimental	Bester	sturgeons	were	housed	in	300	L	aquaria	with	a	continuous	flow	of	aerated	freshwater	in	the	Central	
Fish Disease Center, National Chung-Hsing University, Taichung, Taiwan.

A

B

Sample Collection

a. After an acclimatization period of at least 1 week, FFC 
(Sigma-Aldrich) were fed to 42 fish per group daily at dose of 10 mg 

kg-1 or 20 mg kg-1 via disposable feeding needles (FN-9921, 20G × 
1.5”; Kent Scientific, San Diego, CA, USA). 

http://dx.doi.org/10.26717/BJSTR.2019.17.002994
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b. Age matched control fishes (n = 42) were administrated 
with an equal volume of normal saline instead of FFC (Figure 2). 

c. At day 3, day 5, day 7, day 10, day 14, day 21, and day 28 
after the p.o. FFC administration, fishes were deeply anesthetized 
with tricaine methane sulphonate (MS222, Sigma-Aldrich). 

d. Approximately 0.5 mL of blood samples were obtained 
from the caudal artery of each fish (Figure 3). 

e. Blood samples were allowed to clot at room temperature 
for 30 min then the coagulated blood samples were centrifuged at 

1,300 ×g for 10 min. 

f. Sera were collected and stored at -80˚C.

g. The muscle and liver samples were excised and snap-
frozen at -80˚C (Figure 4). 

h. Frozen muscle and liver samples were homogenized in 
buffer. 

i. The tissue slurry was then centrifuged at 5,000 rpm for 
30 min at 4°C, the supernatants were collected and kept at -80˚C for 
subsequent analysis.

 

Figure 2: Oral administration with FFC to Bester sturgeon by gavage. Animals were given single oral FFC administration at 
doses of 10 and 20 mg kg-1 BW per day via disposable feeding needles.

 

Figure 3: Blood collection from Bester sturgeon. Approximately 0.5 mL of blood samples were obtained from the deeply 
anaesthetized	fish	via	their	caudal	artery.

http://dx.doi.org/10.26717/BJSTR.2019.17.002994
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Figure 4:	Sacrifice,	anatomy	and	tissue/organs	collection	from	Bester	sturgeon.	At	each	time	point	of	the	experiment	(6	fish	per	
time	point/group	at	day	3,	day	5,	day	7,	day	10,	day	14,	day	21,	and	day	28	after	the	p.o.	administration),	fish	were	sacrificed,	
and muscle and liver samples were collected. The supernatant of homogenized muscle and liver were immediately decanted 
and	frozen	at	-80°C	and	stored	until	assay.

For the assay by using HPLC equipped with UV detector - 
There is one session 0:54 min long

Apparatus

a. The HPLC system equipped with a quaternary solvent 
delivery system (model 600e) (Waters, Milford, MA, USA), an 
autosampler (model 717, Waters), a photodiode array detector 
(model 996, Waters), and a Cosmosil 5C18-MS column (5 µm, 4.6 × 

150 mm i.d.; Nacalai, Kyoto, Japan) (Figure 5). 

b. The chromatograms were detected via UV detector with 
the screening wavelength of 210 to 290 nm and the excitation 
wavelength of 223 nm. 

c. HPLC data were analyzed by Waters Millennium 32 
software (Version 4.0, Waters).

 

Figure 5: Pharmacokinetic study of FFC in cultured Bester sturgeon by HPLC equipped with UV detector. The HPLC system
equipped	with	a	Waters	model	600e	quaternary	solvent	delivery	system,	a	Waters	model	717	autosampler,	a	Waters	model	996
photodiode	array	detector,	and	a	5	μm,	4.6	×	150	mm	i.d.	Cosmosil	5C18-MS	column.	The	chromatograms	were	detected	via	UV	
detector	with	the	screening	wavelength	of	210	to	290	nm	and	the	excitation	wavelength	of	223	nm.	HPLC	data	were	analyzed
by	Waters	Millennium	32	software	version	4.0.
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     Method Validation [4]

a. Linearity was assayed according to the slopes, intercepts. 

b. Correlation coefficients of the calibration curves were 
calculated by linear regression analysis.

c. The quantitative recovery of FFC was determined by 
repetitively analysing blank sera, muscle and liver with known 
amounts of FFC (0.1, 0.2, 0.5, 1, 2, 5, and 10 μg mL-1). 

d. After reconstituting the residue with 0.05 M ammonium 
acetate-acetonitrile-tetrahydrofuran (76: 23: 1, v/v; pH 7.2), 
added the internal standard at the end.

e. Calibration curve was constructed by extracts of sera, 
muscle, or liver added to FFC immediately prior to injection, 
corresponding to 100% recovery. 

f. The working standard calibration curve was drawn by 
plotting the known FFC concentrations against the average 
peak area.

Quantification [4]

a. Ten mg mL-1 FFC stock solution in methanol was diluted 
into working solutions of 100, 10, and 1 μg mL-1 with distilled 
water. 

b. Standardization was performed by a high-concentration 
and a low-concentration range.

c. Blank sera, muscle and liver extract samples were 
exposed to known amounts of FFC (0.1, 0.2, 0.5, 1, 2, 5, and 10 
μg mL-1) and were transferred to autosampler tubes for direct 
application to the HPLC column. 

d. The presence of FFC in serum and tissue samples was 
screened by HPLC method with ultraviolet photodiode array 
detection.

e. The internal standard was analyzed as the unknown 
samples.

f. The FFC concentrations in unknown samples were read 
from the standard curve.

g. Accuracy was evaluated indirectly because of the lack of 
certified samples or reference methods. 

h. Comparing with the resulting peak area ratios of blank 
sera, muscle and liver extract samples with known amounts of 
FFC (0.1, 0.2, 0.5, 1, 2, 5, and 10 μg mL-1) and water samples 
containing equivalent concentrations of FFC, the difference 
between these two sets of data was the bias of the method.

i. The limit of detection (LOD) and limit of quantification 
(LOQ) for FFC were estimated from the size of the FFC peak in 
spiked samples of blank sera, muscle and liver extract samples. 
They were defined as the concentrations that resulted in a 

detectable peak of approximately 4 and 10 times of the noise 
level, respectively.

Assay Validation [5]

a. FFC concentration in samples was determined using 
the linear regression line (unweighted) of the concentration 
standard versus peak area (r2 > 0.995).

b. The precision of the method was expressed as the 
intra-day and inter-day coefficients of variation (%). FFC at 
concentrations of 0.1, 1, and 10 μg mL-1 were assayed (three 
replicates) on the same day and on three sequential days, 
respectively. 

c. The accuracy (% bias) was calculated from the nominal 
concentrations (Cnom) and the mean value of the observed 
concentrations (Cobs) as follows: bias (%) = [(Cobs - Cnom) / (Cnom)] 
× 100.

d. Accuracy and precision values within ± 20% covering the 
actual range of experimental concentrations were considered 
acceptable.

e. The relative standard deviation (RSD) was calculated 
from the observed concentrations as follows: precision (% 
RSD) = [standard deviation (SD) / Cobs] × 100.

Pharmacokinetic Analysis [4,6,7]

a. Pharmacokinetic parameters were calculated with Wi-
Nonlin professional software version 1.0 (Pharsight Copora-
tion, NY, USA) according to a non-compartmental 202 model.

b. Model discrimination was based on the correlation 
coefficient of the curve fit, and the absolute error was 
independent of the concentration (weighted regression).

c. The parameters evaluated for serum were half-lives (t1/2, 
h) at each phase, time to maximum concentration ( Tmax, h), 
maximum concentration (Cmax, μg mL-1), mean residence time 
(MRT, h), clearance (L kg-1 h-1), area under the concentration-
time curve from 0 h to infinity (AUC0-inf, h × mg L-1), and the 
apparent volume of distribution (V/F, L kg-1).

d. Sera FFC concentration vs. time was analyzed using 
model-independent standard methods (n = 6 per time point).

e. The terminal elimination rate constant (λ) was derived 
by the unweighted least square regression analysis of at least 
last four time points of the semilogarithmic sera concentration-
time curves.

Statistical Analysis

Data are shown as mean ± the standard error of the mean 
(SEM). Student’s t-test was used for statistical analyses. Differenc-
es between groups were considered statistically significant at *p < 
0.05.
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For the Results Presentation- There is One Session 2:40 min Long

Figure 6: Serum FFC concentrations following single oral administration. 
(A)	 Semi-logarithmical	serum	FFC	concentrations	against	time	(1,	2,	3,	4,	6,	8,	10,	12,	16,	18,	20,	24,	48,	72	h)	after	10	mg	kg-1 
BW FFC oral administration. 
(B)	 HPLC	chromatographs	for	FFC	residue	(arrow)	in	the	serum	of	sturgeon	fed	with	FFC	for	48	h.
(C)	 HPLC	chromatographs	for	FFC	residue	(arrow)	in	the	serum	of	sturgeon	fed	with	FFC	for	72	h.	This	figure	has	been	
modified	from	[Aquaculture	495:	558-567]	[8].

Table 1: Pharmacokinetic parameters for Bester sturgeon after 10 
mg kg-1 BW p.o. administration of FFC.

Parameters Sera

t1/2 (h) 12.13 ± 0.33

Tmax (h) 10 ± 0.08

Cmax (µg mL-1) 10.95 ± 1.14

MRT (h) 23.7431 ± 0.86

CL (L kg-1 h-1) 0.0387 ± 0.01

(AUC0-inf )(h × mg L-1) 251.64 ± 15.04

V/F (L kg-1) 0.6777 ± 0.1

     Relevant results were adapted from [Aquaculture 495: 558-567] 
[8].

a. Table 1. Pharmacokinetic parameters of FFC in serum of 
Bester sturgeon following single oral FFC administration at 
dose of 10 mg kg-1 BW.

b. Figure 6. Serum FFC concentrations after single oral FFC 
administration.

i) (A) Serum semilogarithmic concentrations of FFC.

ii) HPLC chromatographs for FFC residue (arrow) in the se-
rum of sturgeon fed with FFC for (B) 48 h and for (C) 72 h.

http://dx.doi.org/10.26717/BJSTR.2019.17.002994
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c. Figure 7. FFC concentration time curve in liver and muscle 
following single oral FFC administration at doses of (A) 10 mg 
kg-1 BW and (B) 20 mg kg-1 BW.

d. Table 2. Mean muscle and liver FFC concentrations over 
time in Bester sturgeon following p.o. administration with FFC 
at a dose of 10 or 20 mg kg-1 BW, respectively.

Table 2:	Mean	FFC	concentrations	in	muscle	and	liver	of	Bester	sturgeon	over	time	following	p.o.	administration	of	FFC	at	a	dose	
of 10 or 20 mg kg-1 BW, respectively. 

Time (day)
Muscle Liver

10 mg kg-1 BW 20 mg kg-1 BW 10 mg kg-1 BW 20 mg kg-1 BW

3 5.16 ± 0.16 6.76 ± 0.21 4.37 ± 0.44 4.69 ± 041

5 3.71 ± 0.07 4.62 ± 0.03 1.26 ± 0.33 2.01 ± 0.25

7 1.06 ± 0.03 2.21 ± 0.12 0.18 ± 0.02 0.21 ± 0.03

10 − − 0.13 ± 0.04 0.15 ± 0.02

14 − − − −

21 − − − −

28 − − − −

N	=	6	per	groups;	“”	indicated	that	lower	than	the	lowest	concentration	of	detection;	units:	μg	mg-1.

Figure 7: FFC concentrations in liver and muscle following single oral administration.
(A) The concentration time curve of FFC in the liver and muscle of sturgeon after single oral administration at a dose of 10 
mg kg‐1 BW.
(B) The concentration time curve of FFC in the liver and muscle of sturgeon after single oral administration at a dose of 20 
mg kg-1	BW.	This	figure	has	been	modified	from	[Aquaculture	495:	558-567]	[8].

http://dx.doi.org/10.26717/BJSTR.2019.17.002994
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For the Highlights- There is one session 1:33 min long

a. Using of the accurate HPLC method with UV detection for 
FFC pharmacokinetics in Bester sturgeon.

b. The developed method technique may be a valuable tool 
was efficient in detecting the pharmacokinetics of FFC in Bester 
sturgeon.

c. According to Taiwan law in the allowed amount of FFC 
residue in the fish meat must be ≤ 1 µg mL-1.

d. The recommended withdrawal period of FFC in sturgeon 
was suggested for 15 days.

Representative Results

As shown in Table 1, the estimated pharmacokinetic parameters 
of FFC in serum were calculated according to a non-compartmental 
202 model, including half-lives (t1/2, h) at each phase, time to 
maximum concentration ( Tmax, h), maximum concentration (Cmax, 
μg mL-1), mean residence time (MRT, h), clearance (CL, L kg-1), area 
under the concentration-time curve from 0 h to infinity (AUC0-Inf, 
h × mg L-1), and the apparent volume of distribution (V/F, L kg-1). 
Following single oral administration with FFC at dose of 10 mg kg-1 
BW, estimated serum FFC t1/2 was 12.13 ± 0.33 h, the observed  Tmax 
occurred at 10 ± 0.08 h, the Cmax was 10.95 ± 1.14 μg mL-1 for 24 h, 
the MRT was 23.7431 ± 0.86 h, CL was 0.0387 ± 0.01 L kg-1 h-1, the 
AUC0-Inf was 251.64 ± 15.04 h × mg L-1, and V/F was 0.6777 ± 0.1 L 
kg-1. The mean FFC concentrations in sera were plotted against time 
(1, 2, 3, 4, 6, 8, 10, 12, 16, 18, 20, 24, 48, 72 h) semi-logarithmically 
(Figure 6A). 

Following FFC administration, the mean concentrations in sera 
were gradually increased at 1 to 8 hours as 0.45 μg mL-1 (1 h-FFC 
p.o.), 0.67 μg mL-1 (2 h-FFC p.o.), 1.82 μg mL-1 (3 h-FFC p.o.), 2.35 μg 
mL-1 (4 h-FFC p.o.), 3.2 μg mL-1 (6 h-FFC p.o.), and 4.33 μg mL-1 (8 
h-FFC p.o.) and peaked at 10 hours (10.95 ± 0.58 μg mL-1), followed 
by a gradual decrease thereafter. In sera collected at 48 h and 72 h 
after oral administration, an obvious peak (223 nm) of FFC residue 
was detected at 7.3 min (Figures 6B and C). The concentration time 
curve in liver and muscle showed the changes in concentration 
overtime after single oral administration of FFC at doses of 10 and 
20 mg kg-1 of BW (Figure 7). FFC concentrations in muscle and liver 
decreased slowly with time and were below the limit of detection 
at 10 and 14 days after oral administration, respectively (Table 1).

Discussion

The present work demonstrated a method for determining FFC 
retention and elimination in sturgeon culturing. The use of HPLC 
with UV detector successfully detected FFC pharmacokinetics 
and residual in sera and tissue of Bester sturgeon and developed 
an efficient tool to understand its metabolism. We demonstrated 
that FFC in sturgeon was rapidly absorbed in serum with time to 
maximum concentration value of 10 hrs and slowly eliminated in 
liver and muscle. In line with our findings, Gaunt et al. indicated a 

good absorption, distribution, bioavailability, and plasma concen-
tration of FFC via the pharmacokinetic studies of FFC in channel 
catfish following either intravenous or oral administration of a sin-
gle dose of FFC [9]. From a therapeutic point of view, the higher 
oral bioavailability and slower elimination of FFC than that in most 
antibiotics (amoxicillin, erythromycin, flumequine, lincomycin, ox-
alinic acid, oxytetracycline, and spiramycin) are important proper-
ties for treating with bacterial infections in aquaculture. However, 
antibiotic residues in animal-derived food stuffs cause multi-drug 
resistance of pathogens for antibiotics used in human medicine and 
bear a risk for the food-productionindustry [10]. 

As a result, the concerns over veterinary drug residues in 
food are increased globally. Various methods have been described 
for identifying FFC in animal tissues, including HPLC [11], liquid 
chromatography-mass spectrometry [12,13], gas chromatography 
[14], gas chromatography-mass spectrometry [15], and enzyme-
linked immunosorbent assay [16]. The HPLC and LC-MS/MS 
methods are widely analytical tools in pharmacokinetic study 
in several fish species. FFC residues in fish muscle have been 
monitored by HPLC-UV method, and results were close with those 
obtained using liquid chromatography-tandem quadrupole mass 
spectrometry. HPLC-UV method can be employed for the analysis 
of FFC metabolic kinetics simply and reliably regardless of different 
species and environmental condition [17]. The total concentration 
of residues of FFC and FFC amine in fish accepted by European 
Union were not exceeding 1,000 µg kg-1 [18]. In Taiwan, maximum 
residue limits for veterinary drugs allowed in fish is 1 μg mL-1. 
Our results showed that FFC concentrations in muscle and liver 
decreased slowly with time and were below the limit of detection at 
10 and 14 days after oral administration, respectively. Accordingly, 
withdrawal periods of 15 days after oral administration of FFC 
in sturgeon are recommended for fish farm. These findings can 
provide valuable insight for designing optimal dosage regimens for 
FFC in aquatic agricultural system.
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