]
Egyptian Journal of Aquatic Biology & Fisheries

Zoology Department, Faculty of Science,
Ain Shams University, Cairo, Egypt.

ISSN 1110 - 6131

Vol. 27(5): 321 — 331 (2023)
www.ejabf.journals.ekb.eg

Egyptian Journal
of
Aquatic Biology
And

Fisheries

) N

-
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ABSTRACT
The present study was performed to estimate the residue concentration of cefquinome in mullets
using High-performance thin-layer chromatography (HPTLC). A total of 40 apparently healthy
mullets (Mugil cephalus) weighing 750+50g were transported alive to 8 glass aquaria.
Cefquinone sulfate (Cobactan® 2.5%) was given as a single intramuscular dose of 10 mg/kg
body weight. At each sampling point (6, 24, 48-, 72-, 96- and 120 hrs post-medication), serum,
muscle, liver, and kidney samples were collected to investigate cefquinome residual

ée% V:?nr:r;.e concen_trations using the HP_TLC technique. The maximum co_ncentrations Were_recqrded in the
Food Safety7 following order: liver > kidney > serum > ml_JscIe: (;efqumome concentration in muscles
' decreased gradually to become under the detection limit (35ng/mL) at 4 days (96 hrs) post-
HPTLC, N g - X ; . .
Mugil cephalus, m_edlcatlon. At this time, cefquinome concentrations were S_tl|| detectable in both the Ilvgr and
Residues kidney and up to the end of the 5th-day post-medication. Furthermore, the cefquinome
' withdrawal times were calculated to be 61.7, 105.6, and 90.5 hrs in Mugil’s muscles, liver, and
kidney respectively. Hence, cefquinome withdrawal time was estimated to be 3 days in mullet’s
muscles after a single intramuscular dose of 10 mg/kg body weight under 24 C water
temperature. If cefquinome will be used therapeutically in broader mullet, 2-3 intramuscular
doses of 10 mg/Kg b.wt. with 2.5-day intervals should ensure a sufficient MIC for most of the
bacterial pathogens.
INTRODUCTION

Unrestrained use of antibiotics in the aquaculture industry for the production of farm-raised fish and
shrimp may lead to concerns with food safety and human health that are typically disregarded in the
majority of developing countries of the world. The primary causes of the high residue level are the
misuse of antibiotics in aquaculture without veterinary prescription and the absence of food safety
controls. As a result, it was necessary to establish veterinary supervision of fish drug use, monitor
residue, and educate producers and consumers about food safety (Olatoye et al., 2013).

The emergence of antibiotic-resistant bacteria strains has made it necessary to consistently approve new
antibiotics for use in treating fish infections, particularly those caused by Gram-negative bacteria. The
fourth generation of cephalosporins, particularly cefquinome, was one of the finest options available. It
has a broad therapeutic spectrum and may treat a variety of Gram-negative bacteria, including those
that cause significant illnesses in fish such as Aeromonas and Pseudomonas species (Limbert et al.,
1991; Maes et al., 2007).

To guarantee that the treated animals are free of potentially dangerous residues, the FDA has also
defined safe maximum residual limits (MRLs) for these medications and other veterinary compounds
that may reach the human food chain. Cefquinome has received approval in several nations to treat
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bacterial infections in a variety of animal species, including cattle, pigs, and pets (Aarestrup et al.,
2010; Zonca et al., 2011). The Pharmacokinetic (PK) profile of Cefquinome has been investigated in
piglets (Li et al., 2008), sheep (Tohamy, 2011), chickens (Yuan et al., 2011), ducks (Yuan et al., 2011),
bovine (Shan et al., 2014). Cefquinome has favorable pharmacokinetic properties, including high
bioavailability, and low protein binding, and is mostly excreted unchanged through the kidneys. These
properties suggest that it could be useful for treating bacterial infections in fish (Shan et al., 2015).

The current study was carried out to detect cefquinome residual concentrations in the serum and tissues
of Mullet, and to estimate the cefquinome withdrawal time in Mullet fish. This may assist in the design
of subsequent studies examining the possibility of using cefquinome in fish.

MATERIALS AND METHODS

1. Drug and chemicals:

Cefquinome sulfate injectable suspension (Cobactan® 2.5%) was purchased from Intervet
International GmbH-Germany Company. Ammonium acetate (E. Merck, Germany),
cefquinome sulfate standard drug (Sigma-Aldrich), acetonitrile (Lobachemie, India). All other
used chemicals were HPLC grade with purity of at least 99.9%.

2. Animal

A total of 40 apparently healthy Mugil (Mugil cephalus) weighing 750£50 g was reared in 8
well-aerated glass tanks (0.3 m3 each). Tanks were supplied with sand-filtrated marine water
obtained from the Mediterranean Sea. The pH was =7, and the dissolved oxygen ranged from
6-8 mg/L. The water temperature was maintained at 24 + 0.5 °C. The fish were acclimated
for 7 days prior to the experiment and fed a commercial fish pellet diet till visual satiety.

3. Experimental design

3.1. Fish grouping
Fish were divided into two groups; non-treated (5 fish) and treated (35 fish) groups. Fish
of the treated group were injected with a single i.m. cefquinome dose (10 mg/kg.b.w.) at
the dorsal muscle (epaxial) using a disposable syringe (Shan et al., 2015), while non-
treated fish were used cefquinome standard curve after being spiked with known
concentrations.

3.2. Sampling
Blood (collected from the caudal vein using non-heparinized syringes to obtain serum)
and tissue samples (muscle, liver, and kidney) were collected at different sampling points
(6, 24, 48, 72, 96, and 120 hrs post-injection), then stored at -20°C until cefquinome
concentrations assessment.
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4. Analytical method
Cefquinome concentrations were determined in fish's serum and tissue samples by high-
performance thin layer chromatography (HPTLC, CAMAG®, Swiss) system according to a
previously separation and detection method HPTLC reported by Shantier et al., 2013. A
mobile phase of ammonium acetate pH (6.2): acetonitrile (85:15 v/v) was used. A UV light
detector was used to record drug concentrations at 220 nm wavelength. A 20x10 cm HPTLC
silica gel 60F254 plate (Merck) was used.

5. Standard preparation
Stock solution containing 500ug cefquinome base/ml (prepared in Milli-Q® ultrapure water)
was used to spik blank serum, muscle, liver, and kidney. Working standard solutions
containing 50-1000 ng/mL cefquinome were prepared by diluting the stock solutions with
blank serum or tissue to the appropriate concentrations.

5.1. Sample application
All samples and standards were applied to the plates by means of CAMAG Linomat 5
with the dosing syringe with a volume of 10-20 pL for samples and 2-5 pL for standards.

5.2. Chromatogram Development
HPTLC plates were developed to a distance of 70 mm in the CAMAG Automatic
Developing Chamber ADC 2. The development occurs in two stages using 10 and 25 ml
of the mobile phase for preconditioning and development, respectively.

5.3. Detection
The plates were scanned using a CAMAG TLC Scanner 4 with a slit dimension of
60X0.30 mm and multi-wavelength of 220 to 310 nm UV light.

6. Statistical analysis
The arithmetic mean and standard deviation were calculated for all parameters except for
half-life values where harmonic mean values and standard deviation were calculated
according to Lam et al., (1985). For the cefquinome residual study, data were analyzed using
one way-ANOVA (Placha et al., 2014) followed by Duncan's Multiple Range test Duncan
(1955). Differences were considered at significant at p<0.05.

RESULTS

1. Standard curves in serum and tissues:
Cefquinome Rf (retention factor) was found to be located between 0.32 and 0.36, and the best
absorption wavelength was obtained at 230 nm. Recovery percentages were assessed to be
93.4% in serum, 86.6% in muscle, and 68.1% in liver & kidney samples. All curves showed a
linear relationship between 50 to 1000 ng cefquinome/mL with R2 over 0.996. The detection
limit was found to be 35 ng cefquinome/ml.
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2. Cefquinome Sulfate residues in serum, muscle, liver, and kidney:
Six hours after cefquinome i.m. injection, the highest concentration was observed in the liver
compared with serum, muscle, and kidney. Starting from the 2nd till the 5"-day post-injection,
the liver, and kidney showed significantly higher concentrations than serum and muscle, out of
that, the liver cefquinome concentrations were even significantly higher than those recorded in
the kidney.

Cefquinome became under the detection limit (35 ng/mL) in most of the muscle samples on the
4th day and in the most of serum samples on the 5th-day post of administration, while persisted
detectable in liver and kidney tissues up to the 5th day post administration as shown in table 1.

Table 1: Serum, muscle, liver, and kidney cefquinome concentrations for 5 days post single
intramuscular dose of 10 mg cefquinome /kg body weight

sampling Concentration (ug/ml or g) ppm
et () Serum Muscle Liver Kidney
6 1.19+0.20° 1.14 +0.08° 3.25+0.12° 1.09+0.05°
24 1.70+0.22°¢ 1.43+0.05°¢ 10.34 +0.64 2 7.31+0.40°
48 0.63+0.09 ° 0.19+0.02°¢ 6.19+0.372 1.76 +£0.10°
72 0.13+0.03°¢ 0.01+0.01° 1.43+0.14°2 0.85+0.11°
96 0.024 +0.01°¢ 0.00 +0.00 © 1.09 +0.10 2 0.44 +0.08°
120 0.01+0.01° 0.00+0.00° 0.47 +0.11° 0.07 +0.04°

Means in the same row carrying different superscript letter are significantly different at p<0.05.

. Withdrawal time calculations:

Based on the administered dose and water temperature, the cefquinome withdrawal times were

calculated to be 61.7, 105.6 and 90.5 hrs in mugil’s muscles, liver and kidney, respectively
(Figure 1). Although, all these values were accurately calculated, only the withdrawal time in
muscle is reliable as there is no standard daily consumption of fish’s liver or kidney. Hence, the
cefquinome MRL can’t be considered as a good guide for withdrawal time calculation in their
organs.
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Fig. (1): Cefquinome withdrawal time calculation in muscle estimated by linear
regression analysis of the logarithmic-transformed muscle concentrations.

DISCUSSION

To the best of our knowledge, the present study is the first study of cefquinome

residues and withdrawal time in mullet fish (Mugil Cephalus). The main objective of
this study was to measure the drug residues in the blood, muscles, and some organs
of the fish, and determination of the withdrawal period of the cefquinome from the
body of the fish (until it becomes fit for human consumption) in salt water & warm
weathered countries (about 24 °C in the present study).
After a single i.m. injection of 10 mg cefquinome /kg body weight, there was no
local or systemic adverse effects have been observed in mullet. This observation
agrees with those of San Martin et al., 1998; Shan et al., 2015 and 2018 who have
been reported the absence of adverse effects after oral and parenteral
(intraperitoneally & intramuscularly) administrations of cefquinome at doses of 5—
20 mg/kg doses in coho salmon, tilapia, and crucian carp.

With the exception of the liver, cefquinome concentrations in serum, muscle &
dropped rapidly to became less than 1 ug/ml or g respectively after 2 days of drug
administration. While, it tokes 3 and 4 days in the liver, respectively, to became less
than 1 pg/g. The maximum concentration of cefquinome in mullet toke place in the
following order: liver > kidney > serum > muscle. A similar organotropic pattern
was recorded in coho salmon by San-Martin et al., (1998). The serum and tissue
concentrations of cefquinome in coho salmon were 2-4 times higher than those
measured in mullet fish in our study; not only higher, but also persisted for more
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than 14 days in the liver and kidney. This difference between results recorded by
San-Martin et al., (1998) in coho salmon and in our study was expected and can be
attributed to the higher dose (20 mg/kg) and the lower water temperature (10 °C) in
the coho salmon experiment.

In the present study, the serum samples had detectable concentrations of
cefquinome up to 4 days (96 hrs), and four fish out of 5 were under the limit of
detection at 5 days (120 hrs) after the single intramuscular dose of 10 mg
cefquinome /kg body weight. This blood concentration profile is in agreement with
other researchers' data such as Aly et al., (2020) who recorded that the cefquinome
blood level decreased gradually and became under the limit of detection (0.01pg/ml)
after 120 hours post-medication with a single intramuscular dose of 10 mg/ kg in
Nile tilapia fish at 30°C fresh water.

Furthermore, the presented results showed that there was a relatively lower
cefquinome concentration in the muscles of the mullet fish that decreased gradually
to reach under our detection limit (35 ng/mL) at 4 days (96 hrs) post-medication
compared with cefquinome concentration in serum. That result was parallel to that
obtained by Aly et al., (2020) who recorded that the cefquinome concentrations
became 0.02 npg/g muscles at 96 hrs post intramuscular injection of 10 mg
cefquinome/kg in tilapia at 30°C. In contrast, muscles concentrations in our study
were out half of those obtained by San-Martin et al., (1998) who concluded that
cefquinome became under the limit of detection (0.015 pg/ml) after 7 days of
intramuscular injection of 20 mg cefquinome/kg in salmon fish. Obviously, this
difference can be assigned to the species, dose, and water temperature differences, as
San-Martin and his co-authors calculated the cefquinome residues in salmon fish at
10 °C while we calculated the cefquinome residues in mugil at 24 °C.

Our result showed that there was a high cefquinome concentration in a healthy
mullet’s liver which decreased gradually but was still detectable even after 120 hrs
post-medication. At that time, cefquinome concentrations were under the detection
limit in serum and muscles, and barely in the kidney. That result was parallel to that
obtained by Aly et al., (2020) who recorded that the cefquinome concentrations
persisted detectable in the liver up to 120 hrs post intramuscular injection of
cefquinome in tilapia fish. Also, this result agrees with that of San-Martin et al.,
(1998) who recorded that the cefquinome concentrations persisted detectable in the
liver up to 14 days post intramuscular injection of cefquinome (20 mg/kg) in salmon
fish.

Most researchers who studied antibiotic residues in fish, including Uno (1996),
Wang et al., (2015), San-Martin et al., (1998), and Shiry et al., (2019), noted that
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drug and antibiotic residues typically persist longer in the liver and kidney than in
the serum and muscles.

Cefquinome's MIC varies from 0.2 to 2 mg/ml for pathogenic organisms isolated
from different animal species, such as Enterobacteriaceae. This concentration is 8
mg/ml or less for Pseudomonas aeruginosa. Staphylococcus aureus 90% were
inhibited by 2 mg/ml. MIC values for Haemophilus injuenzae and Streptococcus
species range between 0.03-0.06 mg/ml and 0.06 to 1 mg/ml, respectively, making
them the most sensitive organisms (CHIN et al., 1992; MURPHY et al., 1994).

Our results suggest that a single dose of 10 mg/kg of cefquinome administered
intramuscularly at 24 °C could achieve quite safe concentrations in serum and
muscle comparable to those of pathogenic organisms with low MIC values. The
same situation does not occur with organisms such as P. aeruginosa and some
Enterobacteriaceae.

The defining of an acceptable MRL, for human consumption, is the central
element in the establishment of regulation for drug withdrawal periods in Mugil
cephalus (WHO, 1995), which assumes that a person consumes 300 g of muscle and
skin from fish each day in their natural proportions (COMMISSION and THE
EUROPEAN COMMUNITIES, 1991). Because there is no information in the
literature regarding the MRL of cefquinome in this species, the withdrawal time
definition in the current study was based on the detection limit of the method (0.015
g/ml) and the time when 99.9% of the drug had been eliminated during the
elimination phase (San Martin et al., 1998).

In the present investigation, the cefquinome withdrawal times were calculated
to be 61.7, 105.6, and 90.5 hours in Mugil’s muscles, liver, and kidney
respectively. These values are shorter than the result reported in coho salmon by
San Martin et al., (1998) who estimated the withdrawal times 104.2, 668, and
860.7 hours in muscles, liver, and kidney respectively. This variation between the
2 studies in the estimated withdrawal times could be explained mainly by the
variations in the doses and water temperatures besides the difference in fish
species used in each investigation.

The calculation of the withdrawal time depends mainly on 2 parameters; the
human daily intake (which is 300 g of fish muscle and skin, fixed value for all
fishes) and the slope of the regression line of the logarithmic-transformed tissue
concentrations. The latter varies depending on some factors; the most important in
fish and most poikilothermic species is the water temperatures. In a series of
research papers for Bjorklun et al., (1990 and 1992), the researchers investigated
the effect of water temperature on eliminations and withdrawal periods for 2
antibacterial agents in rainbow trout. They reported that the oxytetracycline
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withdrawal period in trout muscles was significantly prolonged from 37 days at
16 °C to 92 days at 5 °C water temperature (2.5 times increment). Even more, the
oxolinic acid withdrawal period in trout’s muscle tissue was extended from 28
days under 16 °C to 140 days at 5 °C water temperature (5 times increment).
Temperature-related effects of several antimicrobials’ excretion have been
extensively studied and endorsed, both in vivo & in vitro in aquaculture by many
researchers such as Bjorklund and Bylund (1990); Bowser et al., (1992);
Martinsen et al., (1992); Sohlberg et al., (1994) and Khalil et al., (2016).

CONCLUSION

The fish flesh can be consumed safely 4 days post (10mg/kg, IM) cefquinome
treatment. Besides, to avoid antimicrobial resistance, the fish liver should not be
consumed or used in fishmeal before five days after treatment.

Future studies can be directed toward studying the effect of cooking, processing, and
preservation on the residues detected in the tested tissues and their impacts on public
health hazards.

REFERENCES

Aarestrup, F., M. and Skov, R., L. (2010). Evaluation of ceftiofur and cefquinome
for phenotypic detection of methicillin resistance in Staphylococcus aureus using disk
diffusion testing and MIC-determinations. Veterinary Microbiology;140:176-79.

Aly, S. M.; Kahlil, W. and GHALEB, S. (2020). Histopathological and
Hematological studies on the effect of Cephalosporin in Treatment of Nile tilapia
(Oreochromas niloticus) infected with Aeromonas hydrophila. Suez Canal Veterinary
Medical Journal. SCVMJ, 25(1): 115-128.

Bjorklund, H. and Bylund, G. (1990). Temperature-related absorption and excretion
of oxytetracycline in rainbow trout (Salmo gairdneri R.). Aquaculture 84: 363—372

BJORKLUND, H. V.; Eriksson, A. and Bylund, G. (1992). Temperature-related
absorption and excretion of oxolinic acid in rainbow trout (Oncorhynchus mykiss).
Agquaculture 102: 17-27.

Bowser, PR.; Wooster. GA.; St Leger, J. and Babish, JG. (1992). Pharmacokinetics
of enrofloxacin in fingerling rainbow trout (Oncorhynchus mykiss). J Vet Pharmacol
Ther 15: 62—71



Drug residue profiles of Cefquinome in Mullet (Mugil cephalus) in saltwater at 24 °C 329

Chin, N. X.; Gu, J. W.; Fang, W. and Neu , H. C. (1992). In vitro activity of
cefquinome, a new cephalosporin, compared with other cephalosporin antibiotics.
Diagnostic microbiology and infectious disease, 15(4): 331-337.

COMMISSION OF THE EUROPEAN COMMUNITIES, (1991). The Rules
Governing Medicinal Products in the European Community, Vol. VI. In: Part IV Note for
guidance on the application of the safety of a veterinary medicinal product. Luxembourg,
Office for Official Publications of the European Communities, 103-104.

Duncan, D.B. (1955). Multiple range and multiple F tests. Biometrics 11: 1-42.

Khalil, WF.; Shaheen, HM. and Abdou, RH. (2016). Ceftiofur pharmacokinetics in
Nile tilapia Oreochromis niloticus after intracardiac and intramuscular administrations.
Diseases of Aquatic Organisms, 121(1): 29-35.

Lam, FC.; Hung, CT. and Perrier, DG. (1985). Estimation of variance for harmonic
mean half-lives. J Pharm Sci 74: 229-231

Li, X. B.; Wu, W. X.; Su, D.; Wang, Z. J.; Jiang, H. Y. and Shen, J. Z. (2008).
Pharmacokinetics and bioavailability of cefquinome in healthy piglets. Journal of
Veterinary Pharmacology and Therapeutics, 31(6): 523-527.

Limbert, M.; Isert, D.; Klesel, N.; Markus, A.; Seeger, K.; Seibert, G. and
Schrinner, E. (1991). Antibacterial activities in vitro and in vivo and pharmacokinetics of
cefquinome (HR 111V), a new broad-spectrum cephalosporin. Antimicrob. Agents
Chemother. 35: 14-19

Maes, A.; Meyns, T.; Sustronck, B.; Maes, D.; De Backer, P. and Croubels, S.
(2007). Determination of cefquinome in pig plasma and bronchoalveolar lavage fluid by
high- performance liquid chromatography combined with electrospray ionization mass
spectrometry. Journal of mass spectrometry, 42(5): 657-663.

Martinsen, B.; Oppegaard, H.; Wichstrom, R. and Myhr, E. (1992). Temperature-
dependent in vitro antimicrobial activity of four 4-quinolones and oxytetracycline against
bacteria pathogenic to fish. Antimicrob Agents Chemother 36: 1738—1743

Murphy, S. P.; Erwin, M. E. and Jones, R. N. (1994). Cefquinome (HR 111V) in
vitro evaluation of a broad-spectrum cephalosporin indicated for infections in animals.
Diagnostic microbiology and infectious disease, 20(1): 49-55.

Olatoye, I. O. & Basiru, A. (2013). Antibiotic usage and oxytetracycline residue in
African Catfish (Clarias gariepinus in Ibadan, Nigeria) Journal of Fish and Marine
Sciences Vol. 5, Issue (3): 302-309



330 Nesma E. Eleissawy et al., 2023

Placha, I.; Takacova, J.; Ryzner, M.; Cobanova, K.; Laukova, A.; Strompfova, V.;
Venglovska, K. and Faix, S. (2014). Effect of thyme essential oil and selenium on
intestine integrity and antioxidant status of broilers. British Poultry Science 55: 105-114.

Raharjo, H. M.; Budiyansah, H.; Mursalim, M. F.; Chokmangmeepisarn, P.;
Sakulworakan, R.; Debnath, P. P.; ... and Rodkhum, C. (2023). The first evidence of
blaCTX-M-55, QnrVC5, and novel insight into the genome of MDR Vibrio vulnificus
isolated from Asian sea bass (Lates calcarifer) identified by resistome analysis.
Aquaculture, 571: 739500.

San Martin, B. N.; Bataglia, J.; Hernandez, P.; Quiroz, A. and Canon, H. (1998).
Absorption and excretion of cefquinome in coho salmon (Oncorhynchus kisutch) in
freshwater at 10 degrees C. Zentralblatt fur Veterinarmedizin. Reihe A, 45(10): 615-623.

Shan, Q.; Wang, J.; Yang, F.; Ma, L.; Yin, Y.; Liu, S.; Li, L. and Zheng, G. (2018).
Pharmacokinetics of cefquinome in crucian carp (Carassius auratus gibelio) after oral,
intramuscular, intraperitoneal, and bath administration. Journal of Veterinary
Pharmacology and Therapeutics, 41(5): 734-738.

Shan, Q.; Yang, F.; Wang, J.; Ding, H.; He, L. and Zeng, Z. (2014).
Pharmacokinetic/pharmacodynamic relationship of cefquinome against P asteurella
multocida in a tissue- cage model in yellow cattle. Journal of veterinary pharmacology
and therapeutics, 37(2): 178-185.

Shan, Q.; Zhu, X.; Liu, S.; Bai, Y.; Ma, L.; Yin, Y. and Zheng, G. (2015).
Pharmacokinetics of cefquinome in tilapia (Oreochromis niloticus) after a single
intramuscular or intraperitoneal administration. Journal of Veterinary Pharmacology and
Therapeutics, 38(6): 601-605.

Shantier, Sh. W.; Gadkareem, E. A.; Adam, M. O. and Mohamed, M. A. (2013).
Development of stability-indicating methods for cefquinome sulphate. International
Journal of Biomedical Science: 1JBS, 9(3): 162

Shiry, N.; Shomali, T.; Soltanian, S. and Akhlaghi, M. (2019). Comparative single-
dose pharmacokinetics of orally administered florfenicol in rainbow trout (Oncorhynchus
mykiss, Walbaum, 1792) at health and experimental infection with Streptococcus iniae or
Lactococcus garvieae. J vet Pharmacol Therap. 42: 214— 221.

Sohlberg, S.; Aulie, A. and Sgli, NE. (1994). Temperature-dependent absorption
and elimination of flumequine in rainbow trout (Oncorhynchus mykiss Walbaum) in
fresh water.Aquaculture 119: 1-10

Tohamy, M. A. (2011). Age-related intramuscular pharmacokinetics of cefquinome
in sheep. J. Small Ruminant Research.V.99, Issue 1: 72-76



Drug residue profiles of Cefquinome in Mullet (Mugil cephalus) in saltwater at 24 °C 331

Uno, K. (1996). Pharmacokinetic study of oxytetracycline in healthy and vibriosis-
infected ayu (Plecoglossus altivelis). Aquaculture, 143(1): 33-42.

Wang, L.; Han, Y. N.; Jin, S.; Ma, Y.; Wang, G. L.; Zhao, Q. S. and Chen, Y. E.
(2015). Pharmacokinetic study of florfenicol in healthy and vibriosis-infected
Pseudosciaena crocea after oral administration. Journal of Applied Biological Chemistry,
58 (4): 363-368.

WORLD HEALTH ORGANISATION, (1995). Evaluation of certain veterinary
drug residues in food. Forty-third Report of the Joint FAO/WHO Expert Committee on
Food Additives.

Yuan, L.; Sun, J.; Wang, R.; Sun, L.; Zhu, L.; Luo, X.; ... and Liu, Y. (2011).
Pharmacokinetics and bioavailability of cefquinome in healthy ducks. American journal
of veterinary research, 72(1): 122-126.

Zonca, A.; Gallo, M.; Locatelli, C.; Carli, S.; Moroni, P.; Villa, R. and Cagnardi,
P. (2011). Cefquinome sulfate behavior after intramammary administration in healthy and
infected cows. J. Dairy Science. 94, 7: 3455-3461



