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Abstract: The plasma concentration of long-acting oxytetracycline (OTC-LA) was measured following a single
intramuscular (IM) injection (50 mg/kg) in grouper (Epinephelus marginatus), a common inhabitant of marine aquaria
and a potential candidate for fish farming. The experiment was carried out at 20 °C and sampling points were selected
at0.25,0.5, 1,2, 4, 6, 8, 12, 24, and 48 h post-administration. OTC concentration in grouper circulation was maintained
at high levels for the whole experiment (8.35-39.67 pug/mL) with maximum plasma concentration measured at 1 h post-
injection. The area under the curve values was also promising since AUC0-24 and AUC 0-48 were calculated to be high
(363.45 and 668.73 ug h/mL, respectively). Due to the high OTC levels accomplished for prolonged period of time, a single
administration of OTC-LA could be an ideal route in cases when multiple handling is unwanted and big animals such

as grouper are to be treated.
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Introduction

Antibacterial agents are necessary in aquatic
medicine to combat emerging bacterial diseases in
captive fish. There are various routes of drug
administration in aquaculture, each limited by its own
practical constrains. Oral administration is the most
common route in aquatic farming because it is
associated with low cost, is highly convenient, and
does not provoke stress to the fish but is rendered
inefficient by reduced drug levels in fish circulation
and financial loss when medicated feed is being
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rejected by the fish either due to palatability problems
or due to reduced appetite (1). Bath treatment with
antibacterials including OTC is also easy to apply in
land-based facilities, but results in extremely low
levels in fish tissues mainly due to the fact that
tetracyclines make complexes with cations in seawater
and are therefore less useful for superficial infections
(2). On the other hand, individual injection, either
intraperitoneal (IP) or intramuscular (IM), of fish is
labour intensive but is more beneficial in terms of
achieving high tissue drug levels (3) and can be used
to treat valuable individuals, such as broodstock or
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ornamental fish. This administrative route is usually
the desirable therapeutic measure to treat infected
animals kept in aquarium stations populated by other
healthy species. In addition, it is cheaper and
environmentally friendly because the quantity of the
total administered drug is dramatically lower
compared to the other routes and is not released (at
least directly) into the environment.

Oxytetracycline, a member of tetracyclines, a
group of broad-spectrum bacteriostatic antibacterials
produced by Streptomyces spp. fungi, possesses
antimicrobial activity by binding to the 30S ribosomal
subunit of susceptible organisms. Upon binding, the
oxytetracycline interferes with transfer RNA’ ability
to bind with messenger RNA, thereby preventing
bacterial protein synthesis (4). Tetracyclines are
characterized by time-dependent killing pattern with
prolonged post-antibacterial effect. Oxytetracycline is
widely used in aquatic medicine to combat mainly
gram-negative bacteria (5). Long-acting formulations
of OTC (OTC-LA) are widely used in veterinary
medicine to provide prolonged broad spectrum
antibacterial activity at high therapeutic blood
concentrations with minimal tissue reactions in
infected animals (6). This advantage is desirable in
clinical situations where repeated handling of infected
individuals for drug administration is unwanted.

Grouper (Epinephelus marginatus) is a species
commonly housed in aquaria and recently introduced
in the farming industry where bacterial infections in
various growing stages including broodstock can be
detrimental. Vibriosis is the dominant disease
affecting this species (7) with several members being
identified as pathogenic including Vibrio
parahaemolyticus (8), V. harveyi (9), V. alginolyticus
(10), and V. carchariae (junior synonym of V. harveyi)
(7). The purpose of this study was to investigate the
circulatory levels of a commercially available long
acting OTC formulation following an IM injection in
grouper.

Materials and methods
Chemicals

Oxytetracycline hydrochloride of high purity
(>99%) and tetracycline were obtained from Sigma
(USA). High-performance liquid chromatography
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(HPLC) grade solvents were obtained from Labscan
(Ireland). The columns Isolute C18 used for solid
phase extraction (SPE) were bought from
International Technology (Sorben, UK). The
administered drug was Terramycin 200 long active
injectable solution containing 217.4 mg OTC
dihydrate/mL (Pfizer Inc, NY, USA).

Fish and experimental set up

For practical purposes the experiment was not
conducted on large individuals  usually
accommodated in aquarium or brood stock facilities
but on smaller fish weighing 285 + 111 g. Seventy
groupers were maintained in 10 fibre glass tanks (500
L) receiving sea water (38%o salinity) at a water
temperature of 20 °C prior to and during the
experiment. Each tank contained 7 fish (marked
according to their weight) and was allocated for the
10 sampling points of the experiment.

Intramuscular administration and blood

sampling

Groupers were administered 50 mg OTC/kg fish
by IM injection adjusted to the weight of each fish
separately. When leakage was observed those fish
were excluded. Approximately 1 mL of blood was
drawn from the caudal artery of randomly selected
tish (7 individuals), at each of the following time
points post-dosing: 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, and
48 h. After collecting the heparin-treated blood
samples, plasma was prepared by centrifugation at
7000 x g for 10 min and stored at -20 °C until analysis.

Drug analysis

The analysis of OTC was performed according to
the procedure of Rigos et al. (11). Tetracycline was
used as an internal standard. Briefly, plasma samples
(200 pL) were homogenized with 2 mL of Mcllvaine
buffer (citric acid 0.06, K,HPO,2H,0 0.02 M) (68:32
v/v) and centrifuged for 5 min at 6000 x g. The
samples were subjected to a SPE procedure using
Isolute C18 disposable columns (100 mg of 1 mL
capacity). Columns were pre-conditioned with 2 mL
of methanol and 2 mL of Mcllvaine buffer. Samples
were eluted with 2 mL of methanol/acetonitrile (50:50
v/v). Columns were then cleaned using 5 mL of high
performance liquid chromatography (HPLC)-grade



water and dried under vacuum for 15 min. The eluate
was evaporated to dryness under nitrogen at 50 °C,
resuspended in 1 mL of HPLC mobile phase solvent
(oxalic acid 0.01 M: acetonitrile) (85:15 v/v), vortexed,
and filtered (0.45 Am). Exactly 100 pL of sample were
injected into a Waters Alliance 2690MX HPLC system
fitted with a Water 510 pump and a Waters 484 UV
detector. Analytes were separated using an H&P
deactivated Hypersil ODS C18 (100 x 4 mm i.d.; pore
size 5 um). The detection wavelength was 360 nm and
the flow rate was 0.5 mL/min. Under these conditions,
the retention time of OTC was 6 min and the
detection limit of OTC was 20 ng/mL (linear range to
1000 ng/mL; P < 0.002). OTC concentrations were
extrapolated from calibration curves of different
concentrations of authentic high-purity OTC
standard. The percentage of recoveries of OTC from
all samples was calculated by comparing OTC
concentrations in spiked drug-free plasma to a
standard solution. The recovery of OTC through the
method was found to be 71%.

Pharmacokinetics

The maximum plasma concentration (C_, ), and
the time to reach maximum plasma concentration
(T,,) were selected from the observed data. The area

under the concentration—time curves (AUC ) were
calculated using the trapezoidal rule (12).
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Results

The plasma OTC levels measured in grouper after
the IM injection are presented in the Figure. Mean
peak plasma concentration of OTC was reached
rapidly (1 h post-injection). A rapid and continuous
drop from 2 to 8 h followed by a second peak at 12 h
was observed. High drug levels (8.2-39.67 ug/mL)
were maintained for the whole experiment. AUC,,,
and AUC_ ,, were calculated to be 363.45 and 668.73
ug h/mlL, respectively (Table 1).

Discussion

This is the first investigation on the kinetic profile
of OTC-LA after an IM injection in warm water
farmed species. Surprisingly, OTC clearance from
grouper plasma displayed an unexpected non-gradual
pattern. Following a peak concentration that was
reached very rapidly, a sudden drop was observed,
followed by a second peak at the last time points.
Possibly reabsorption from intestine after bilary
excretion can be an explanation for this discrepancy.

High OTC levels were maintained through the
whole experiment possibly as a result of the long-
acting properties of the drug formulation used. Mean
peak drug concentration found in grouper is within
the range (2.5-65 pg/mL) of studies involving other
aquatic farmed species following either IP or IM
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Figure. Plasma OTC levels (mean = st. error) against time in grouper (285 + 111 g) after
an IM injection of 50 mg/kg fish at 20 °C.
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Table 1. Pharmacokinetic values of OTC in grouper (285 + 111
g after) after an IM injection of 50 mg/kg at 20 °C.

Pharmacokinetic parameters Values
AUC,,, (ug h/mL) 363.5
AUC, 4 (ug h/mL) 668.7
C,ux (Ug/mL) 39.7+10.1
T, ..(h) 1

injection of OTC with dosages ranging from 5 to 60
mg/kg (Table 2).

Evaluations of treatment schedules in modern
veterinary medicine are commonly based on clinical
breakpoints integrating both pharmacokinetic and
pharmacodynamic data (MIC: minimum inhibitory
concentration) (13). Early proposals have set
theoretical breakpoints of drug’s antibacterial efticacy
based on the requirement that C , exceeds MIC
(14,15). Later approaches suggested as more
appropriate for tetracyclines the inter-dosing interval
during which the blood concentration exceeds MIC
(t > MIC) (12). More recent theories proposed other
parameters for this group of drugs such as the AUC,
L4, (area under the curve from 0 to 24 h post-dosing)
(16) or in more general approaches the AUC .,
(AUC of particular interval) instead of the commonly
calculated AUC and AUC,._(17).

Groupers are commonly maintained in public
aquaria where bacterial outbreaks are common. Their
farming, which recently entered the Mediterranean
area at a pilot scale, has experienced a rapid expansion
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in Asian aquaculture industry, but faces serious
threats owing to a variety of pathological constrains.
Among the main pathogenic bacterial agents, V.
parahaemolyticus (8), V. harveyi (9), V. alginolyticus
(10), and V. carchariae (7) have been identified. The
pharmacodynamics of OTC against these pathogens
expressed as MIC has not been determined yet. There
is however related information on these pathogens
from the crustacean farming industry. In particular,
the MIC or MIC,, of OTC to combat in vitro bacteria
such as V. harveyi, V. parahaemolyticus, and V.
alginolyticus have been found to be in the range of
0.125 to 50 pg/mL (18-20).

An integration of the lowest OTC concentration
found in grouper plasma with the aforementioned
MIC values resulted in ratios ranging from 0.17 to
66.8 for at least 48 h depending on isolate. Using the
peak measured concentration, the ratios are much
higher (0.79-316). These values are above the
proposed breakpoints (C,_, /MIC > 8) given by Blaser
et al. (14) for most bacteria. Similarly, when the
obtained AUC,, or AUC , , values of OTC in
grouper are implemented with MIC data under the
guideline of Turnidge and Paterson (13), ratios of 7.2-
2904 and 13.4-5349 can be estimated, respectively.

Overall, IM administration of OTC-LA in grouper
seemed to be promising. It is essentially important,
however, that the MIC of bacterial isolates specific to
groupers to be determined possibly coupled with
some challenge trials prior to drawing final
conclusions with respect to the evaluation of the
treatment schedule proposed by the present study.

Table 2. Peak OTC levels in circulation of various species following IP or IM injection.

Species Drug dose Route Peak plasma or References
(mg/kg) serum level (ug/mL)

Rainbow trout 60 IM 35 21

50 IM 41.5 22
Atlantic salmon 20 P 2.5 23
Yellow perch 50 P 32 24

50 IM 29
Common carp 60 1P 65 21
African catfish 60 IM 434 25
Pacu 5 IM 26
Grouper 50 IM 39.7 Present study

444



References

1.

10.

11.

12.

13.

14.

Rigos, G., Alexis, M., Nengas, I.: Leaching, palatability and
digestibility of oxytetracycline and oxolinic acid in sea bass,
Dicentrarchus labrax L. Aquacult. Res., 1999; 30: 841-847.

Rigos, G., Nengas, L., Alexis, M.: Oxytetracycline (OTC) uptake
following bath treatment in gilthead sea bream (Sparus aurata).
Aquaculture, 2006; 261: 1151-1155.

Samuelsen, O.B., Ervik, A., Torkildsen, L., Bergh, O.: The
efficacy of a single intraperitoneal injection of either flumequine
or oxytetracycline hydrochloride in prevention of outbreaks of
atypical Aeromonas salmonicida infection in goldsinny wrasse,
Ctenolabrus rupestris L., following stress. Aquacult Inter., 2002;
10: 257-264.

Rivere, J.E., Spoo, J.W.: Tetracycline antibiotics. In: Booth, N.H.,
McDonald, L.E., Eds. Veterinary Pharmacology and
Therapeutics, Iowa State University Press, Ames, Iowa. 1995;
784-796.

Chorpa, I., Roberts, M.: Tetracycline antibiotics: Mode of
action, applications, molecular biology, and epidemiology of
bacteria resistance. Microbiol. Mol. Biol. Rev., 2001; 65: 232-
260.

Haig, J.C., Downling P.M., Smitss, J. G.: Pharmacokinetics of
long-acting oxytetracycline in fallow deer (Dama dama). J. Vet.
Pharmacol. Therap., 1997 20:243-245.

Yii, K-C., Yang ,T-I., Lee, K-K.: Isolation and Characterization
of Vibrio carchariae, a Causative of Gastroenteritis in the
Groupers, Epinephelus coioides. Curr. Microbiol., 1997; 35: 109-
115.

Wong, S.Y., Lee, T.Y., Leong, T.S.: Cross protection of vibrio
vaccines against various pathogenic vibrio obtained from
diseased grouper (Epinephelus salmoides). The Second Asian
Forum. Manila: Asian Fish. Soc., 1990; 683-687.

Saeed, M.O.: Association of Vibrio harveyi with mortalities in
cultured marine fish in Kuwait. Aquaculture, 1995; 136; 21-29.

Lee, K.K.: Pathogenesis studies on Vibrio alginolyticus in the
grouper, Epinephelus malabaricus, Bloch et Schneider. Microb.
Pathog., 1995; 19: 39-48.

Rigos, G,, Nengas, L., Tyrpenou, A.E., Alexis, M, Troisi, G.:
Pharmacokinetics and bioavailability of oxytetracycline in
gilthead sea bream, Sparus aurata L after a single dose.
Aquaculture, 2001; 221: 75-83.

Ritschel, W.A.: Handbook of Basic Pharmacokinetic, Including
Clinical Applications, 3rd ed. Drug Intelligence Publications,
Hamilton.1986.

Turnidge, J., Paterson, D.L.: Setting and Revising Antibacterial
Susceptibility Breakpoints. Clin. Microbiol. Rev., 2007; 20: 391-
408.

Blaser, J, Stone, B.B., Growner, M.C., Zinner, S.H.: Comparative
study with enoxacin and netilmicin in a pharmacodynamic
model to determine importance of ratio of antibiotic peak
concentration to MIC for bactericidal activity and emergence
of resistance. Antimicr. Agents Chem., 1987; 31: 1054-1060.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

G. RIGOS, P. KATHARIOS, N. PAPANDROULAKIS

Stamm, J.M.: In vitro resistance by fish pathogens to
aquacultural antibacterials, including the quinolones difloxacin
(A-56619) and sarafloxacin (A-56620). J. Aquat. Anim. Health,
1989; 1: 135-141.

Shojaee AliAbadi F, Lees, P.: Antibiotic treatment for animals:
effect on bacterial population and dose regime optimisation.
Inter ] Antimicr Agents, 2000; 14: 307-313.

Toutain, P-L., Alain Bousquet-Melou, A., Martinez, M.:
AUC/MIC: a PK/PD index for antibiotics with a time
dimension or simply a dimensionless scoring factor. J. Antimicr.
Chem., 2007; 60: 1185-1188.

Mohney, L., Bell, T., Lightner, D.: Shrimp antimicrobial testing:
1. In vitro susceptibility of thirteen gram negative bacteria to
twelve antimicrobials. J. Aquat. Anim. Health, 1992; 4: 257-261.

Chanratchakool, P.,, Pearson, M., Limsuwan, C., Roberts, R.J.:
Oxytetracycline sensitivity of Vibrio species isolated from
diseased black tiger shrimp, Penaeus monodon Fabricius. J. Fish
Dis., 1995; 18: 79-82.

Nakayama, T, Ito, E., Nomura, N., Nomura, N., Matsumura,
M.: Comparison of Vibrio harveyi strains isolated from shrimp
farms and from culture collection in terms of toxicity and
antibiotic resistance. FEMS Microbiol. Lett., 2006; 258: 194-
199.

Nouws, J.EM., Grondel, J.L., Boon, J.H., van Ginneken, V.J.T. :
Pharmacokinetics of antimicrobials in some fresh water fish
species. In Michel CM and DJ Alderman Eds Chemotherapy
in Aquaculture, From Theory to Reality, Office of International
Epizootiology, Paris. 1992; 437-447.

Dagoglou, G., Turel, I, Yilmaz, O., Yarsan, E., Oto, G., Kankaya,
E.: Bioavailability and pharmacokinetics of oxytetracycline in
cultured rainbow trout following intramuscular administration.
Ind. Vet. J., 2004; 81: 989-992.

Bruno, D.W.: An investigation into oxytetracycline residues in
Atlantic salmon, Salmo salar L. ]. Fish Dis., 1989; 12: 77-86.

Bowden, B.C.: Pharmacokinetic Profiles of Oxytetracycline in
Yellow Perch (Perca flavescens) as Determined by Plasma
Concentration Following Different Routes of Administration.
MSc Dissertation, Virginia-Maryland Regional College of
Veterinary Medicine. 2001.

Grondel, J.L., Nouws, J.EM., De Jong, M., Schutte, A.R.,
Driessens, F: Pharmacokinetics and tissue distribution of
oxytetracycline in carp (Cyprinus carpio) following different
routes of administration. J. Fish Dis., 1987; 1: 153-163.

Doi, A.M,, Stoskopf, M.K., Lewbart, G.A.; Pharmacokinetics of
oxytetracycline in the red pacu (Colossoma brachyponum)
following different routes of administration. J. Vet. Pharmacol.
Ther., 1998; 21: 364-368.

445



