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Pappakokivnuki perétn g YA®-
papgevik6ing (CAP) oty toimou-
pa (Sparus aurata) kau in vitro
dpdon katd onpavukaév yia ta ya-
pra naboyévev fakmpiov

A. E. Tupnévou," I'. Piiyog,” M. T'iayvion,’
I. Néykag,” M. AXé€n’

ITEPIAHWH. Xtn pelétn auth SiepeuviBnkav o1 pappakoki-
vnukég 1816 tnteg g Ydwpapgevikéing (CAP) otnv toimotpa
(Sparus aurata) ka1 n in vitro anotedeopaukdntd tng katd v
S1a¢pépov faxtnprakdv acleveidv. Metd and evbo@réPia yopi-
ynon g CAP otn §6on wwv 10 mg/kg/ypdpi, o xpévog npicerag
Cwiig g katavoprig (t;,,,) ka1 o xpdvog npioelag (wrig tng amo-
péxpuvong (t;/55) Bpébnkav 6u eivar 1.6 ka1 69 h, avtiotorya. H
S1dyuon tng CAP otoug 101006 tng tomolpag ftav pétpia epdoov
ap@6TEpOL, 1600 0 Paivopevikés dykog katavopg (Vi) 600 Kat
0 (PaIvopeVIKGG GyKog Tou Kevipikoy Siapepiopatog (V,), unodo-
yioOnxav oe 1,13 ka1 0,90 L/kg. H odixri cwpauki anopdkpuvon
(CLt) tng CAP fitav Bpadeia (0,022 L/kg/h). O1 upd MIC tng
CAP o aneotaypévo vep6 pe npooOiixkn 2% NaCl xad wv Vibrio
anguillarum opéwnog 1b, Photobacterium damsela subsp.
piscicida, V. alginolyticus ka1 V. fluvialis vnoloyioOnke o€ 4,78
pg/mL, ev frav 0,60 pg/mL yia to V. damsela. H npooOiikn oto u-
néotpwpa 10 mM Ca™ ka1 55 mM Mg™ é5woe upég MIC 19,13
pg/mL yia o V. alginolyticus ka1 vo V. fluvialis, eve v maparn-
priOnke kdnoio anotédeopa pew V. anguillarum P. damsela subsp.
Piscicida xa1 w V. damsela. Ta anotedéopata avd é5ei§av 6u n
CAP napouvo1dCer pia ikavonoinuki eixéva KIviukiig kai 6u a-
nopakpivera ypiiyopa and tn 64pKa g tomolpag, eVe o1 upn-
Aég upég MIC Seiyvouv pua mbavii avanoteleopaukdnta evavua
onpavuk®v nafoyévev fakmpiov ota phpia tng Meooyeiou.

Aé&e1g eupempiaong: pappakokvnuki, YAwpapgevikéin, MIC,

tomospa

Epeuvvnuxkn
Original article

Pharmacokinetics of
chloramphenicol (CAP) in gilthead
sea bream (Sparus aurata) and its in
vitro activities against important

bacterial fish pathogens

Tyrpenou A.E.," Rigos G.,” Yiagnisi M..,’
Nengas I.,* Alexis M.?

ABSTRACT. The pharmacokinetics of chloramphenicol (CAP) in
gilthead sea bream (Sparus aurata), a warm water farmed fish species
and its in vitro efficacy against important bacterial diseases of
Mediterranean mariculture were investigated in this study. After an
intravascular injection (10 mg/kg/fish), the distribution half-life
(t1/2a) and the elimination half-life (t1/2f) of CAP were calculated
to be 1.6 and 69 h, respectively. Tissue penetration of CAP was
found to be moderate since both the apparent volume of distribution
of the drug at steady-state (V) and the apparent volume of the
central compartment (V) were calculated to be 1.13 and 0.90 L/kg.
The total clearance (CLy) of the drug was slow (0.022 L/kg/h). The
minimum inhibitory concentration (MIC) values of CAP in distilled
water supplemented with 2% NaCl against Vibrio anguillarum
serotype 1b, Photobacterium damsela subsp. piscicida, V.
alginolyticusand V. fluvialis were determined to be 4.78 pg/mL,
while it was 0.60 pg/mL for V. damsela. The addition of 10 mM
Ca’ and 55 mM Mg” in the medium revealed MIC values of 19.13
pg/mL for V. alginolyticusand V. fluvialis, whereas showed no effect
for V. anguillarum P. damsela subsp. Piscicidaand V. damsela. The
results indicate that CAP displayed a satisfactory kinetic profile and
it is eliminated fast from gilthead sea bream muscle; however, its
high MIC values stress show a possible inefficacy against important
bacterial pathogens of Mediterranean mariculture.

Key words: pharmacokinetics, chloramphenicol, MIC, seabream
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EIXATQI'H

H yhooaugevindin (CAP) eivan éva ouvBetnd maga-
OoreVALOUEVO OVTLPLOTLHG EVEEMS PAOUATOS, TO OTTOTO O
mouovadnre ya mTEOOT) QoEd amd Tto Streptomyces
venezuelae ™y mteptodo tov 1950. Elvou dpaotny| »atd twv
dapdemv mafoydvov gram-0ovnTirdy foxtnolov twv
TOEAYWYLRAOV Lomv, ouvdeduevn oty vrrooudda 50S tov
Baxtnoronot pLpooduotos. Zto maeel83v ¥onoLuoTou-
Bnxe entevéotata vatd dlopdemv aoBeveldv Tov avBom-
IOV % TV LAWY, OAAG AGY® TEGRANONS T™E ATAAOTIRYS
avaupiog (IARC, 1990), #abdg v dGAAmY SuorQaoLeY Tov
atuarog, 1o FDA/USA amaydpgvoe TAomg ™) XoNoLo-
soimon g CAP ota mapaywywrd oo (MVM, 1998). Ziu-
gava we 1o Evpomains Foageio AEoldynong Pappo-
rnevtrav [ooidviav (EMEA) n xorjon g amayopevetal
»ow oty Evpdmn, alhd emedy] dev vdoyovy apretd de-
dopéva yo tov rabopoud g Amodextic Hueprjowag
Mpdohnyms (ADI) o tov Meyiotov Ogiov Kataloimwv
(MRL), éxer ovumepiingdel oto Hapdomua IV tov Ka-
voviopot tov Zvpfoviiov (EOK) 2377/90.

ASY® TS dpaoTHGTHTAC ™S ®aTd TV TaBoySvamv Pa-
®nTNElwv etvar ouvnBouévn 1 apdvoun xovjon g (Robert
et al. 1996). Ta emotquovind dedoUEVaL TV PAQUARORL-
VTRGV TS LOLOTHTWYV O€ EXTREPSUEVOUS OTO VEQS 0QYOL-
VIOUOUE  apoovv rupimg og YPdoLo Tov YAuxroU veQou
(Skare et al. 1974, Cravedi et al. 1985) zow zagafideg (Liu
and Liu, 1993), evd) modopato dNUootetOnxrov o Tiuég
MIC g CAP %ot tov tafoydvav Baxtolimv ota Tévia
(Pecten maximus) (Torkildsen et al. 2000).

H mapovoa pehét elye oxomd tov euthoutions tmv
TAMNQOPOQUDV TAV® OTLS PAOUARORVNTLRES LOLGTHTES TG
CAP oty touovoa (Sparus aurata) »oL TOV VITOAOYLOUG
TV Tudv MIC xatd tov »voldtepmv tafoydvmy fortm-
plwv, Ta omota emtnEedlovy ™ Prounyaviry autr deaoT-
owotte. Emmhéov, omy ggyaoio avty) ovumtegthaupdveTon
%o 1) €QEVVA YLaL TN OLOTTiOTMON TS ETLOQOONG TV RATLG-
VIwv 1oV BaAaoowvos vepot oty aviyuxopLaxi g dpd-

on.

YAIKA KAI MEOGOAOI

Xnuxd avideootiole

H mpourfera g CAP €yive amd v etanpeia Sigma
Chemical Co (St. Louis, USA). Ta ynuxd avitdoaotiole
TaL ool xonotoowmnxay ot xnuwrn avdivon tomv Ogry-
udrmv nabapdmrag HPLC vjtav tng etoupeiog Labscan
Ltd (Dublin, Ireland). I'ia mv avaioOntomoinon tov yo-
oLV yonoLpuomonifnxre N wovivaddivy, n omola emiong o-
yopdoOnxre and t Sigma Chemical Co, St. Louis, USA.
Iewpopatinds oyedLaonos

Xonowomonidnxav 50 toumotpeg péoov Pdoovg
30030 g, oL omoieg tomoBenifnray o ®VAMVOQORMVIXES
deEauevég ywonurdmrog 800 L pe Bahaoowvs vepd aia-
Témrag 36%o. Ilotv ammé v €VaQEN TOL TELQOUOTLOUOT Ta
PAQLOL TTAQEUELVOLY YLt Lt TTEQT0DO yrMpaTopot dvo &-

INTRODUCTION

Chloramphenicol (CAP) is a broad-spectrum bacterio-
static antibiotic first isolated from Strepfomyces venezuelae
in the 50s and now available synthetically. The drug is active
against several pathogenic gram-negative bacteria occurring
in a number of food producing animals by binding to the 50s
subunit of the bacterial ribosome. CAP has been used
widely in the past against human and veterinary bacterial
infections, however, its major flow, the production of
aplastic anemia (IARC, 1990) and other blood dyscrasias
the FDA/USA has banned CAP use from food producing
animals (MVM, 1998). According to the EMEA in Europe,
CAP is also forbidden and since no adequate data is
available to establish an acceptable daily intake (ADI) and
maximum residue limit (MRL), the drug is included in
Annex IV of Council Regulation (EEC) No 2377/90. Due
to its effectiveness against bacterial pathogens, its illegal use
is common (Robert et al. 1996). Limited information exists
on the kinetics of CAP in farmed aquatic organisms mainly
confined to fresh water fish (Skare et al. 1974, Cravedi et al.
1985) and prawns (Liu and Liu, 1993). Some data on the
minimum inhibitory concentrations (MIC) of CAP against
bacteria pathogens of scallop (Pecten maximus) were
recently published (Torkildsen et al. 2000).

The aim of the present study was to provide
information on the pharmacokinetic properties of CAP in
gilthead sea bream (Sparus aurata), which is the leading
warm water farmed species in Mediterranean area and to
determine MIC values against the most important bacterial
pathogens affecting this industry, including an investigation
of the effect of seawater cations to the antimicrobial activity
of CAP.

MATERIALS AND METHODS

Chemicals

CAP was obtained from Sigma Chemical Co (St. Louis,
USA). The chemicals used for processing the samples
(HPLC-grade) were obtained from Labscan Ltd (Dublin,
Ireland), unless otherwise stated. Fishes were anaesthetized
with quinaldine (Sigma Chemical Co, St. Louis, USA).

Experimental design

Fifty gilthead sea bream averaging 300+30 g were
acclimatized for two weeks prior to initiation of the study.
Fishes were maintained in cylindroconical fiberglass tanks
(800 L) receiving 36%o0 sea water. Photoperiod was kept at
12 h dark - 12 h light and water temperature was 19+0.5°C.
Fishes were starved for two days before the experiment and
remained unfed during the experiment.

Drug administration

Prior to injection fishes were anaesthetized with
quinaldine (2 ml/L) dissolved in salt water and were
weighed. Fishes received 100 uL of medicated solution
including the dose (10 mg/kg fish) in sterile saline. To
ensure the correct position of the needle (caudal vein)
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Boouddwv ue pwrtomepiodo 1 omoia drotnendnxe o 12 h
oxrotddL o 12 h gug now pe péon Bepuorpacia Tov vepoy
19+0,5°C. TTpwv 0t T €vapEn Tou TELRAUOTOS ToL YAQLOL
TAQEUELVOY VNOTLRA Yo OV0 UEQES RO XWOIS TQOPT] ®aTd
™ SLAQRELDL TOV TELQAUATIOUOU.
Xog1jynoemn Tov gapudxov

IMow antd v evdopiéPra xopnynon mg CAP ta Ya-
QLOL AVOLOONTOTTOLOVVTOY UE TH X0 YNON TS ROVIVaAdi-
g (2 ml/L Bahaoowvoi vepot) won tuyiCovrav. 2 ouve-
yewa eyygovrav evoogiépia 100 pL amd 1o paouaxrotyo
dLdAvpa 08 ATOOTELRMUEVO PUOLOAOYLXG 006 0T dGOoN
tov 10 mg/kg fropdlag. T va PefarmwBoiue yio v a-
%P1 0€om s Pehdvag oty ovpaia @AéPa (Microlance
23G 14,4 0.6x 30, Becton Dickinson SA, Fraga, Spain), wowv
%Al LETA ATTS TNV £YYVOT YLVOTAY OVOQQEOPNON OLLHOTOG.
Ta Pdoua, To omolo Taeovotalay §viovn diwoQeayia, o-
ToxAelOVTOY TS TOV TELRAUATLOUS %ol AvTLRABIoTaVTO O-
76 Ao MeTd amd v evOopAE PLa x0eNyNom Tov qaQ-
uaxov Aaupavdtay delypa alpatog 1 mL amd mv ovpaio
PAEPa ©dBe YapLot amd ta 8 Yoo xdbe delyuatog avd
yoovixij otyun derypatoinyiog, dnhadi avd 1,2, 4, 8, 16,
32, 64 nou 128 h. Metd ) oulhoyn v deryudtwy alpnatog
Ta YPAELA. BavaTvVoOVTAY e ®OYPLUO TS VOTLaiog xoeoe
%ot 2 g 0doras xweis Oéoua rau aipa Aaufdvovray arnd
TeoxaBopLouévo onueio Tov owuatog (votiaio TeQLox
uéMg dvw omtd v Thdywe yoouun). To mhdopa tov ai-
nortog rapahapfavotay pe puyorévipnon oe 3000 x g yuo
10 min otovg 4° C. 2 ovvéyeia ta delynarta g odrag
%O TOV TTAAOUATOS TOV AUATOS CLVTHEOUVTOY 0Toug -45°C
uéyoL mv avdluon.
Yypoypoopatoygagixn avdlvon

H pé0odog 1 omoia epaoudodnure yio tov meoadloL-
oud mg CAP ota delyuarto mg odorag fitav tov Tyrpenou
et al (2002) »ow yia 10 TAAOUA TOV AiIaTOS Y ONOLUOTOW-
Onxe 1 (0L uEBOOC e REES TEOTOTOMOELS. ZUVOTTTIXG,
0,2 mL mAdopo aipartog exyuMiotay pue 2 x 2 mL o&uwxov
aBVAEOTEQA PE OVAOEVOT OTO VOTteX ROl OE VITEQNYOVE,
puyorevigovvtay og 3500 x g yuo 10 min otovg 10°C non
TO VITEQMAEOV EXYVMOUO LETAPEQSTAV 08 A0 YVdALVO
@Lahidro. Ta dvo exyvhiopata eEatuiCoviav o petua a-
Cotov otoug 55° C na to houmdeg vitGAeupo SIOAIETO O
1 mL dwohdpartog 3% NaCl ue avddevon oto vortex xa
OTOVE VITEENOVS. AOAOVOOTOE Eva 0TAO0 RATAVOUNG UE
3 mL n-mevtdvio rol petd omtd guyorévionom 1 Idve oTL-
Bdda amogpumtdtay ue avapedgnon. To delypa exyulio-
T %o TdM pe 2 x 2 mL 0Eixo0 aBuheotépa vat Ta exyv-
Mopara eEatpiCoviav péxol Enpot o pedpa aldtou atoug
55°C. To guohidio Eemhevitay pe 1 mL n-eEdvio, to omoio
uetagpeotav ot wxreootin SPE (Sep-Pak Light Silica
Cartridges, Waters MA, USA). H wupootiin Eemhevitov
ue 2 mL n-gEaviov yua vy amoudxouvon avemfiuntwv
ovoLv rou 1 exhextnt] arodéopevon g CAP and ™
silica gel ywétav pe 1 mL peBuhnric ahnooing HPLC. To é-
rwhovopa eEatuldtav uéyxol Enpov oe petpa aldtov otoug
55°C nou 1o vréhepa avadiohieto og 0,5 mL wvnuiig @d-

(Microlance 23G 1,4 0.6 x 30, Becton Dickinson SA, Fraga,
Spain) in the caudal vein blood was aspirated into the
syringe prior and following injection. Fishes which were
bled heavily, were excluded and replaced. Approximately
1 mL of blood was drawn from the caudal vein of several
fishes (6-8 individuals), at each of the time points following
dosing (1, 2, 4, 8, 16, 32, 64 and 128 h). After collecting
blood samples, fishes were killed by a blow to the head and
2 g of muscle, devoid of skin or blood, was taken from the
dorsal area just above the lateral line. Plasma was prepared
from blood samples by centrifugation at 3000 x g for 10 min
at 4°C. Muscle and plasma samples were stored at —20°C
until analysis.
Drug Analysis

The methodology for the analysis of CAP in muscle
samples followed that of Tyrpenou et al. (2002). For analysis
of CAP in plasma, minor modifications were made. Briefly,
0.2 mL plasma were extracted with 2 mL ethyl acetate by
vortex mixer and sonication, centrifuged at 3500 x g for 10
min at 10°C and the supernatant was transferred to another
glass vial. The sample was extracted once more with 2 mL
ethyl acetate and the combined extracts were then
evaporated under a gentle stream of nitrogen at 55°C. The
remaining oily residue was dissolved in 1mL of 3% NaCl by
vortex and sonication. A partition washing step with 3 mL
n-pentane was followed and after centrifugation the upper
layer was rejected by aspiration. CAP was back extracted
with 2x2 mL ethyl acetate and the combined extracts were
evaporated to dryness with nitrogen at 55°C. The vial was
rinsed with 1 mL n-hexane and rinsing was poured into the
mini column (Sep-Pak Light Silica Cartridges, Waters MA,
USA). Rinsing of the mini column for the removal of the
undesired matrix compounds was made with 2 mL n-hexane
and selective desorbing of CAP from silica gel was made
with 1 mL of HPLC methanol. The eluate was evaporated
to dryness under a gentle stream of nitrogen at 55°C and
the residue was redissolved in 0.5 mL of the mobile phase
(methanol: HPLC-grade water, 30:70 v/v), filtered through
0.22 pm filter into 1 mL the autosampler’s glass vial. An
aliquot of 100 uL was immediately injected into a Photo
Diode Array detector (Waters MA, USA) monitored at A1
~ 278 nm. Analytes were separated using a Zorbax SB—-C4
(5 wm) column (25 cmx 4.6 mm i.d.) (Waters MA, USA)
maintained at a temperature of 50°C. Mean recovery
achieved was 88.62+9.65 % for a range of 10, 25, 50, 100,
200 pg/kg blank fortified samples (n = 4). The limit of
detection (LOD) and the limit of quantification (LOQ)
were 5 and 10 pg/kg, respectively. Control of the system,
data acquisition and peak integration were performed by
the software Millennium* Workstation plus Millennium™
System Suitability software Version 3.05.01. CAP con-
centrations were extrapolated from the standard curves.

Pharmacokinetic analysis

The data were analyzed for the best fit to a two or three-
compartment open pharmacokinetic model, using non-
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ong (nebulnri ahrodhn:ved 30:70 v/v) xaw dimbovtav amd
@iAteo 0,22 um o€ Yyudivo @Lalidlo Tov avTduaTov deLy-
patorjren tov 1 mL. ‘Oyxog 100 uL apéowg eyyedtay otov
VYQOYQWUATOYQAPO Yo aviyvevon g CAP axd tov avi-
KveUTH TOAAOTADY oTtodddmy - PDA (Waters MA, USA)
070 Aoy ~ 278 nm. H yompatoyoapuey avdlvon yvétav
oe omil Zorbax SB-C18 , 5 um, 25 cm x 4.6 mm i.d.
(Waters MA, USA) oe Bepporpacia otiing 50°C. H uéon
avaxmon frav 88.62 * 9,65% yua éva evpog and 10, 25,
50, 100, 200 ug/kg apvnurdv empagnuévay derypdtaov (n
= 4). To 6pto aviyvevons (LOD) xat to 6010 T000TroT
oodLopLopot (LOQ) fitav 5 xow 10 pg/kg, aviiotoya. O
EAEYYOC TOV AVOMITIROU CUOTHUOTOS, 1] OUALOYY TV dedo-
UEVV RO 1] OLORAMIQMOT TV ROQUPMV YIVOVTAY UE TO ho-
ywowxd Millennium™ Workstation plus Millennium™
System Suitability software Version 3.05.01.

DaoraxoxvnTIRY avdivon

TN ralitepo amotéheoua ta dedouéva Twv petonoe-
WV VTEOTNOAY ETEEEQYOTTN UE POQUARORIVITIZG UOVTE-
Lo dY0 1] TOLDV SLAUEQLOUATOV RaL PE TH X ONOLUOTOMOoN
TOV TTROYOAUUOTOS UWHN-YOOUUMMKTES 0vaAvoNg TTaAvddun-
one (NLREG, 2001), axolovBavrag nuhoyaotfunn avd-
TTVEN TV PETENOEMV %Ol AVAAVOY EAAYLOTOV TETEAYD-
vov (Ritschel, 1986). O vtoloylouds Tov patvouevirov o-
YROU ROTAVOUNG, TOU pé€cov ypdvou mapauovis (MRT)
2now TG OMRNS omuatirig artoudxouvons (CLT) éywvay e
TE670 aveEdoTTo TV poviéhmy. H mepuoyr] xdtm arnd my
ROUTTUAT OVYREVTOWONS-Ydvou (AUC) vitohoyiobnxre pe
Tov ravéva tov teameloeldoig (Ritschel, 1986). O yodvog
nuioelog Cmng ™me amoudxruvong vroloyiotnre omd myv
eElowon ty, = In2/p (Baggot, 1977).
ITgoodrogropds Tov Tyney MIC

O donpéc MIC €yivay pe ™ uéBodo mg prpoagaio-
ong Tov vypov (broth microdilution method) otovg 22°C.
To dudhvuc g CAP éyive oe duoasteotayuévo vepd. O a-
pawmoelg €ywvav og Loué Muller Hinton broth, o omoiog
elye maoorevaoel elte oe dloameoTayUEVo veQd ue 2%
NaCl efte pe mv emuthéov tpootxn 10 mM Ca’* »ow 55
mM Mg™" (Ouy#eVvTpdoEeLS OL OTTOTES TTEOOEYYILOVY TV C-
Ahatémta g Mecoyeiov), ag »oL TQonyovueves uehé-
Teg €xouv delEeL TV ETIOQAON AVTHV TOV RATIOVTIOV OTY|
dpaoTdmTo TV Paoudrmy 0to Bahdaoto tegLdihov
(Barnes et al. 1995, Pursel et al. 1995, Lunestat and
Samuelsen, 2001). Ou ovyzevipwoeig g CAP ota inya-
ddmia g dorung xupaivovray amd 0,019 €wg 38,25 pg/ml.

‘Oha ta. taBoydva Bantioua, Ta 0ol (O1OLUOTO-
Onrav ot ueAéT vy, TEONEYOVTO amtd aoevn exTEE-
Speva PaoLa, ToLToves rou afedxia, ard to 2000 ng
7o 2001 o MgpOnrav and to agyeio Tov egyaotneliov
IxBvomaBohoyiag tov EfOvirotv Kévipov Oaidooiwv
Epevvayv (EKOE), dmov ouvinpotvror otoug -70°C oe
vhurepivn 20%. Ta Poxtiola avtd teoralotv Tig Théov
onuovtLrég amdhees otny evevaln OahaocoralMéQyeLa
®aL meguhaufdvouvy ta mpwtoyevy maboydva Vibrio
anguillarum opétumog 1b, Photbacterium damsela subsp.

linear regression analysis programs (NLREG 2001, P.H.
Sherrod), following a semi-logarithmic plot of the data and
least square fitting (Ritschel, 1986). Diffusion processes
were all assumed to follow first order kinetics. Calculations
of the apparent volume of distribution at steady state
(V4), the mean residence time (MRT) and the total body
clearance (CLy) were performed in a model independent
way. The area under the concentration-time curve (AUC)
was calculated using the trapezoidal rule (Ritschel, 1986).
The elimination half-life were calculated from the equation
typ = In2/B (Baggot, 1977).

MIC determinations

MICs were carried out with the broth microdilution
method at 22°C. Antibiotic solution was made by dissolving
CAP in distilled water. Dilutions were made in Muller
Hinton broth (MHB) dissolved in either distilled water
supplemented with 2% NaCl or additionally including 10
mM Ca’ and 55 mM Mg** (which approximates the content
of the Mediterranean salinity), since previous studies have
stressed the impact of these cations on the activity of drugs in
marine environment (Barnes et al. 1995, Pursell et al. 1995,
Lunestad and Samuelsen, 2001). CAP concentrations in the
test wells ranged from 0.019 to 38.25 ug/mL.

All bacterial pathogens which have been used in this
study were derived from diseased farmed gilthead sea
bream and sea bass from 2000 to 2001 and were received
from the Fish Pathology Laboratory of the National Centre
Marine Research (NCMR), where they were kept at -70°C
in 20% glycerin. The bacteria inflict the most significant
losses in euryhaline mariculture and include the primary
pathogens Vibrio anguillarum serotype 1b, Photobacterium
damsela subsp. piscicida and V. damsela and the
opportunistic bacteria V. alginolyticus and V. fluvialis. Only
one representative strain of each bacterial pathogen in
Greece was tested. The Vibrio species and P. damsela
subsp. piscicida were identified according to Mercedes and
Blanch (1994) and Bakopoulos et al. (1995), respectively.
Bacterial aliquots were taken from glycerol stocks and
maintained on Tryptic Soya Agar (TSA) supplemented
with 2% NaCl. Single colonies were obtained from pure
cultures (third passage on TSA), transferred to 10 mL
Tryptic Soya broth (TSB) and incubated aerobically for 24
- 48 h at 22°C giving a final cell density of approximately
10° cfu/mL, before being transferred to microtiter tray wells
(the optical density of the bacterial suspension was 0.2 at
480 nm). Sterile tissue culture plate (96-well flat bottom)
with lid was used. In each well were added 50 uLL MHB, 50
uL antibiotic solution and 10 uL of each bacterial culture
(104 cells/mL) by a multipoint pipette (Eppendorf,
Germany). Plates were incubated for 48 h at 22°C. Each
MIC value was defined as the lowest drug concentration
which inhibited bacterial growth with the use of microplate
reader (ASYS Hitech, Austria). MIC testing was
performed in triplicate. Individual MICs are the means of
replicate results performed twice within a week period.
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piscicida, V. damsela nou o gvrolplaxrd Poxtiowa V.
alginolyticus »ow V. fluvialis. Amé #d.0e maboyovo poxti-
oo eEetdobnre €va uévo otéheyog To omoio elvor aviL-
mpoommevtnd omv EAGda. To €idn Vibrio wou
Photobacterium damsela subsp. piscicida tovtomomnrov
olpgpova pe tao xottiowa twv Mercedes and Blanch (1994)
»aw Bakopoulos et al (1995), avtiotouya. Ta paxtiola, to
omoia yonowomoOnxay, Mjgdnray amé ta datnenuévo
ot yhurepivn oteléyn nar nallegyMbnrav oe Coud
Tryptic Soya Agar (TSA) ue 2% NaCl. Xpnowomouion-
%OV UOVES arTories artd ®afaég narhéoyeLeg (Toito mté-
poaoua og TSA), o omoieg petagpéenxrav oe 10 ml TLopd
Tryptic Soya (TSB) nan emwdodnuov agedpia yio 24 - 48
weg otoug 22°C, dldovtag wa telnn] murveTto foxt-
otwv 106 cfu/mL moLv amd ™) pueTapod Tovg ota Tnyadd-
%LA TG TAAROC UrEOTITAOTTOMONS (1) 0TTTLry] TurvETTa
TOV EVALWENUATOS TV Baxtnolov vitav 0,2 ota 480 nm).
XonowomoniOnrav otelpes mAdxec (ue 96 myaddxria e-
wimedng faong) pe vdivppa. Ze ®d0e Tnyaddnt TEOOTE-
Onrav 50 Wl MHB, 50 ul dtodhipartog avafrotrod wow 10 pl
amnd vaBe Poxmooxy] nadhéoyera (10° cfu/mL) pe wa wo-
Mndvoln mrétta (Eppendorf, 'epuaviag). Oumhdneg e-
awdotnray yu 48 wpeg atovg 22°C. Kabe typ MIC »a-
Boplotre wg N XAUNAGTEQN OUYREVTQWON PAQUALOU 1) O-
moia epmodiCet ™ Partnolary avamtuEn o ueTEnonxe
UE T XONoN QwTopeTEov wroomhardv (ASYS Hiteck,
Austria). O dorpég MIC €yvav eig TUTAOTY #a OL TLUES
MIC mpoénvypav amd Tovg LECOVE GQOVS TV OTTOTEAE-
OUATOV TV SOXLUMYV, OL 0TtoleS Eytvay dU0 QoEg OF me-
oiodo pag efdouddac.

ATIOTEAEEMATA

To amoteléopata ovugpavnoay eEicov ue ta 6o po-
vtéha Tov 000 nat TLdV diapeoropdtmv. Exeldi] to po-
VTELO TV TOLHV drapepLondtmy €dwoe o = B, 1 cuyré-
VTEMOM 0TO TAAOUE TOV AL{ROTOS TTEOS THY RAUTUAN X006~
vou VTtoAOY 00N ®E (RaTd TEOTIUNON) 0TS TN denOeTin €-
Elowon: C = Ae™ + Be™, 6mov C 1 ouyrévipmon oo thd-
OO TOV QUUATOG, t ElvaL 0 XOVOG, O %ot 3 elvorl oL »AoELS
TV HOVOERBETIRAV ROUTTUAGY oL A o B glvan oL ouyxe-
VIQWOELS OTO TAAOUA TOV ALlUOTOS 0TO YeGvo undév. Ou
poouaroxtvnurég tapduetool g CAP oty toutovoa,
oL omoleg vrrohoylobnrav, tagovotdlovrat otov Iivaxa
1. Metd mv eviogphéPra xoriynom o xoovog nuioelag Lm-
1is MG roTavopric (ty/,) % 0 x8vos nuioeag Long e a-
TORARQUVONG (ty/25) TS CAP amtd to ThAopa Tov aluatog
Bogtnrav va eivar 1,6 xaw 69 h, aviiotorya. O goarvouevi-
%05 6y %08 #aTAVOUIS (V(ss)) %O O QAUVOREVIRGG GYROG
oV ®evTowrot dtapepiouarog (V) vohoyloOnrav oe 1,13
zou 0,90 L/kg, avtiotouya. H oMxr] copatiny| amopudrouyv-
on (CLy) firav 0,022 L/kg/h ®ow 0 nécog xodvog TaQouo-
viic (MRT) vjrav 51 h. Ta entimeda g CAP mwov feébnray
07O TAAOUE, TOU CLEIOTOS %O TO UVIRG LOTO QOIVOVTOL OTOV
TTivona 2. Yynidtepeg Twég mapamontnxay oto puixd -
076 2 h petd mv €yyvom, ue enimeda To 0ol TAUEoVoia-
oav tdon ota endpeva detypoata. H CAP dev aviyveion-

Mivaxag 1. Zvyrevipboelg g CAP oto mhdoua Tov aluatog
(ug/mL) xow oo pvind 1oto (ng/g) (mean + SD, n = 3-5) petd
amd pio evooAgPa €yyxvon (10 mg/ke/ fish) omy tourovoo
otovg 19°C.

Table 1. Blood plasma (ug/mL) and muscle tissue (jg/g)
concentration of CAP (mean + SD, n = 3-5) following a single
intravascular injection (10 mg/kg/ fish) in gilthead sea bream
held at 19°C.

Xoovixég otiynég IIAdopa Muixog
(0Qeg petd ™ Koeynon) aipatog 10T0g
Time points (hours Blood Muscle
post administration) Plasma tissue
1 7.26 = 1.37 2.18 = 0.43
2 5.98 +2.26 2.46 £ 1.00
4 2.10 = 1.08 1.99 + 1.18
8 1.09 £ 0.68 1.24 = 0.62
16 0.85 +£0.18 0.15 £ 0.04
32 0.60 = 0.37 0.08 £0.01
64 0.31 +£0.08 ND
128 0.23 +0.19 ND

ND : dev aviyvetiOnne
ND : not detected

Iivaxag 2. [TogdueTool QOQUORORLVITIXIG OL OTTOTES VITOAOY (-
otuay ad Ty evooprePLa xooriynon ms CAP (10 mg/kg/
fish) omv towwotpa (170 g) otovg 19°C.

Table 2. Calculated pharmacokinetic parameters after
intravascular injection of CAP (10 mg/kg/fish) in gilthead sea
bream (Sparus aurata) (170 g) at 19°C.

IHogdpetgor T
Parameter Value
t 124 (h) 1.65
t 126 (h) 69.30
V. (L/kg) 0.90
AUCy_,., (ug/h/mL) 152
CLt L/kg/h) 0.02
MRT (h) 51.75
Lypg : Xpdvog nuioeiag Corjg ts ratavouric
: Distribution half-life of the drug
tip : Xpdvog nuiogiag Cojg tg amoudrouvong

: Elimination half-life of the drug

Vs : DALVOUEVIRGG OYHOG RUTUVOUG
: Apparent volume of distribution of the drug at steady-state

A\ : POUVOREVIROG GYROG HEVTOLXOU SLOUEQTOUATOG
: Apparent volume of the central compartment
CLp : OMnn] ompaTxt] oropdrouvon

: Total body clearance of the drug

AUC_,.. :ITepoxi #drm ams TV Zaumily ouyREVTIQOONS-XOOVOY
: Arca under the drug concentration curve extrapolated to
infinity

MRT : Méoog %00Vog TaQaUoVvig
: Mean residence time

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAS 2003, 54(4)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2003, 54(4)



316

A.E. TYPTIENOY, I'. PHT'O%, M. TTAI'NIXH, I. NEI'KAY, M. AAEEH

7000
6000
5000
4000
3000
2000
1000
0
1 hours 2 hours 4 hours 8 hours 16 hours 32 hours 64 hours 128 hours
-1000
ROWTOM) aopdrouvong the xhooaugevinoing - CAP amd to wixo ot
chloramphenicol - CAP elimination curve from muscle tissue
ROUTTOA) aopdrouvong the xhopaugevizoings - CAP ard to mhdopa
chloramphenicol - CAP elimination curve from blood plasma

Ewova 1. Kaumides amoudxovvons tne yAwoaugevixoins ams to pvixd 1oté xai 1o TAdoua Tov aluatos e Tomoveas HeTd amd evdo-

préPLa yoorjynon.

Figure 1. Chloramphenicol elimination curves from muscle tissue and blood plasma after intravascular administration to gilthead seabream

Sparus aurata.

%E OTO PWirO LoT6 oTIg 64 h petd ) yoonynon.

v Ewdva 1 pwopovpie va togotne0ouUE TV OTo-
udrouvor mg CAP, g ouyxrevIpmoeLs oL omoiec BEEN-
%OV 0TO TTAAOUC TOV OLIOTOS ROW OTO LVTHG LOTO, ROOME oL
TG TUTUUES ATTORMOELS.

O tipuéc MIC 100 @aoudnov (e T (o1 oLomoinon o-
TooTayuEVoL veol ue 2% NaCl vrohoyioOnrav ot 4,78
pug/mL xratd tov Vibrio anguillarum opdtvmoc 1P,
Photobacterium damsela subsp. piscicida, V. alginolyticus
navtov V. fluvialis now 0,60 pg/mL ywato V. damsela. H
oabxn oto vtéoTpmua 10 mM Ca** »ow 55 mM Mg™ é-
dwoe rpuég MIC 19,13 ug/mL ywo 1o V. alginolyticus nowto V.
fluvialis, eved dev £dwoe amotéheoua yiota V. anguillarum
P. damsela subsp. Piscicida vav 7o V. damsela (Iltvorag 3).

YYZHTHXIH

H mtapotoo pehét pog whnopoEr yiat TS (poQrono-
wvnurég Womreg e CAP 010 #vLdteo eidog e Me-
OOYELOXNC LYOVORAMMEQYELAGS, TNV TOLTOVOW, KO YLOL TS
nég MIC evavtio twv mhéov onuavaxay taboydvav fa-
®MELWV, T 070 EUTTAEROVTAL 0T SQAOTNOLETITA ALY,
Zm Prphoyoapio dev avapEQOVTaL CUYRQUTLLES PAQUL-

RESULTS

The data conformed equally to a two and three-
compartment model. Since the three-compartment model
gave o = [3, the plasma concentration versus time curve was
preferably calculated from the two-exponential equation:
C = Ae“ + Be™, where C is the plasma concentration, t is
the time, o and P are the slopes of mono-exponential
declining curves and A and B are the zero time plasma
concentrations. The calculated pharmacokinetic para-
meters of CAP in gilthead sea bream are presented in
Table 1. Following the injection, the distribution half-life
(t1/,) and the elimination half-life (t;,3) of CAP from
plasma were found to be 1.6 and 69 h, respectively. The
apparent volume of distribution of the drug at steady-state
(Vd(ss)) and the apparent volume of the central
compartment (V,) were estimated to be 1.13 and 0.90 L/kg,
respectively. The total clearance of the drug (CLy) was
found to be 0.022 L/kg/h and the mean residence time
(MRT) was 51 h. The plasma and muscle CAP levels
obtained are shown in Table 2. Maximum values were
observed for muscle at 2 h following injection, with levels
declining in subsequent samplings. CAP became
undetectable from muscle at 64 h post administration.
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IMivaxag 3. Ehdyloteg Zuyxrevipaoels Avaotohic (MIC) (ug/mL) g CAP pe ™ xonolpomoinon eite amoataryuévov vepou e 2%
NaCl gite pe v emuhéov mpooixn 10 mM Ca* zou 55 mM Mg ratd onuovtndy madoydvov faxmmoiony tmv Meooyeiaxray

yBuorarhepyedv otovg 22°C.

Table 3. Minimum inhibitory concentrations (MIC) (ug/mL) of CAP using either distilled water added 2% NaCl or additionally
supplemented 10 mM Ca** and 55 mM Mg** against important bacterial pathogens of Mediterranean mariculture at 22°C.

IoBoyove paxtrigia API20E Kd. apifpdg MIC 2% NaCl MIC + zatiévra
Pathogenic bacteria API20E Code number MIC +-cations
Vibrio anguillarum1b 3247524 4.78 4.78
Photobacterium damsela 2005004 4.78 4.78
subsp. Piscicida
Vibrio alginolyticus 4247525 478 19.13
Vibrio damsela 2015004 0.60 0.60
Vibrio fluvialis 3247127 4.78 19.13

norwnuréc ueléteg me CAP dAwv elddv Yapudv. Ouwg
RATOLES OVYRQIOELS WTOQOVV VO Yivouv happdvovrtag v-
TTOYN TLS PAQUARORLVITLRES LOLGTNTES TV TOUDY ROV
%Ol EYRERQLUEVV OE dLApopES XDeeg T Evpmmaixyg
“Evoong avifartolondy ouoldv, Griwg TS 0EUTETOOKR-
%»hivng (OTC), tov oEohvirnol oE€wg (OA) naw g pAov-
nexivne (FLU) oo idro eldog YapLot xal o TaQduoLeg
Bepuorpaoieg tov Bahaoovot vepot (Rigos et al. 2002,
Rigos et al. 2003a, Rigos et al. 2003b). O yodvog nuioeiog
Comig g ratavourc-half-life (t1/2a) g CAP (1.6 h) elvon
noxEUTEQOS 08 oUyrELom ne exelvov T OTC, tov OA na
g FLU omv towovpa (0.2 - 1.5 h) (Rigos et al. 2002,
Rigos et al. 2003a, Rigos et al. 2003b), yeyovdg 1o omoto
delyver 6t CAP notavépetan apyd 0Toug LoTole TS ToL-
movpac ot 1o dapéproua tov alpatoc. Ilapopoing, o
x6voL nuioeag Cang mg amopdruvong (ty,s) ™S 0Eute-
teaxvrAivng (OTC), tov oEolvirot oE€wg (OA) rnaw g
phovperivng (FLU) (12 -50 h) (Rigos et al. 2002, Rigos et
al. 2003a, Rigos et al. 2003b) givor urpdteQoL 0td TV a-
vriotouym T ts CAP (69 h) omv toutovpa. Ze oyéon ue
TNV ATORAXQUVOT, 1) OMXY] COUOATIRT ATTOUARQUVON TNG
CAP (CLy) (0,022 L/kg h) elvou emtiong pxdteon oe ov-
YROLO TTQOG TLS TLES OL OTTOTES VITOAOYIOON ROV OTLG PEAE-
Teg Tov srpoavagénxray yio ) FLU, v OTC row 1o OA
(0,05-0,15 L/kg h). O qpawvopevinds Gyrog vatavounis Te
CAP (V) (1,13 L/kg) eivou peyahitegog oe ovyroLon
ue exetvov g FLU (0,57 L/kg) (Rigos et al, 2003a), aAhd
mrpdtepog exelvov e OTC za tov OA (2,11 - 2,90
L/kg), (Rigos et al. 2002, Rigos et al, 2003b). H i Vg
g CAP deiyver o ieavormommxt Slomood Tov Qaoud-
%OV OTOVE LOTOUS, M 0Ttola ival Lotwng onpaoiag oty
RATATOAEUNOY TG AVATTVENS TV TaBoySvarv faxmoeimv
TOL OTIOL0L TTEQLORITOVTAL OE LOTOUCE, OL OTTOTOL ULUTEVOVTOL
aoBevag.

“Eyxer avageet Gty CAP eEagaviCeton ommd to pi-
%6 LOTS TV YAV TOU YAU®OU vEQOU TTOAD L0 YO1iyo0
onté v OTC (Anhalt, 1977). Auté €gyetan 08 cuUpOVia
e T ouyxrpioels rotaroimwv (OTC vs CAP), oL omoleg yi-
vovtal oty towtovpa yioo OTC (Rigos et al. 2003b). Zyv

The MIC values of the drug, using distilled water
supplemented with 2% NaCl, were measured to be 4.78
ug/mL against Vibrio anguillarum serotype 1b,
Photobacterium damsela subsp. piscicida, V. alginolyticus
and V. fluvialis and 0.60 ug/mL for V. damsela. The addition
of 10 mM Ca** and 55 mM Mg™ in the medium revealed
MIC values of 19.13 pug/mL for V. alginolyticus and V.
fluvialis, whereas no effect was evident for V. anguillarum, P.
damsela subsp. Piscicida and V. damsela (Table 3).

DISCUSSION

The present study provides information on the
pharmacokinetics of CAP in the leading species of
Mediterranean fish farming, the gilthead sea bream and
reveal MIC values against important bacterial pathogens
involved in this industry. No comparable studies on the
kinetic profile of CAP in other farmed fishes exist.
However, some comparisons can be made by integrating
the pharmacokinetics of three common and registered
antibacterial agents in several European countries,
including oxytetracycline (OTC), oxolinic acid (OA) and
flumequine (FLU) in the same fish species and at similar
water temperatures (Rigos et al. 2002, Rigos et al. 2003a,
Rigos et al. 2003b).

The distribution half-life (t,/,,) of CAP (1.6 h) is longer
compared to the values calculated for OTC, OA and FLU
in gilthead sea bream (0.2 — 1.5 h) (Rigos et al. 2002, Rigos
et al. 2003a, Rigos et al. 2003b), indicating that CAP is
distributed slowly to the tissues of gilthead sea bream from
the blood compartment. Similarly, the elimination half-
lives (t;,3) of OTC, OA and FLU (12 - 50 h) (Rigos et al.
2002, Rigos et al. 2003a, Rigos et al. 2003b) are shorter
than the corresponding value of CAP (69 h) in gilthead sea
bream. In accordance with elimination, the total clearance
of the CAP (CLy) (0.022 L/kg/h) is also slower compared
to the values estimated in the aforementioned studies for
FLU, OTC and OA (0.05 - 0.15 L/kg/h). The apparent
volume of distribution of CAP at steady-state (V) (1.13
L/kg) is higher compared to that calculated for FLU (0.57
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mopovoa Epgvva 1 CAP dev aviyveliOnxe oto puind 1otd
™G ToLmovag 64 h uetd mv €yyxuom, eva ot OMUOOLEVUE-
Vi uehén, 1 omtoila mpoavagpéetnxre, 1 OTC aviyvetOnnre
aroua xal 7,5 p€eeg HETd Ty £yvon. Amé ™ onyun ®otd
v omoia o eidN YPapLiv xa 1 Bepuorpaacio Tov vepoy
elvar LOaVIRES 0TS neLETES OTEC, TO YEYOVOS 0TS TLhal-
VOV va opetheTon o€ dapood ®ratd ™ dadiraoia amoto-
Elnwong avaueoa ot CAP xow OTC, 1 ool ®volng o-
vagépetor oty oudda evlipmv ta omola eputhénovral
omv med™ pdon (Phase I) petafolopot twv paoudrmv
(microsomal cytochrome P450-dependent mixed-function
oxidase system), 1) 07wot0 ATOTENET TOV CLQYLRO UNYXOAVIOUS
0Eedwong oto uetafoloud Tmv paoudnmv zow dAAV &-
Ewyevdv ovoldv (Stegeman, 1989). Emutpdobeta, 1 asto-
udxpuvon e CAP amd 1o pind 1ot g tourovpag elvan
TaUTEQY O€ OVYRQLON Ue exelvn 1 omolo vitoroyioOnxe
oV néotpoga. (Oncorhynchus mykiss) (Skare et al. 1974),
omv omoia ta xatdhowrta ™me CAP petorifnroy axdua nat
8 u€peg Hetd amd ™ X0 YNom, OTa To PAQUAKO XOQTYN-
Bnre oe ndpovheg Cehativng (50 mg/kg fish). Tevixd, o pe-
TABOMOUGS ®OL 1] ATTOUARQUVOT] TV QUQUARMVY EIVOL TO-
XUTEQOC OTAL YAQELOL TOV BAAOOLVOT VEQOU 08 GUyrELON UE
exelva tov yAuroU vepot (Ishida, 1992). Mia torydtat -
soudxouvon g CAP ot 1o puird 1oTé %o 1o Thdoua Tov
atuarog ™me rapofidag Penaeus monodon row mg ®aopi-
dag Penaeus japonicus dLamotdBnre o ™ pehém tov
Liu and Liu (1993), zoatd v omoia 10 (pdouaro xoonyn-
Onxe per os (50 mg/kg) 1 pe paguarotyo hovted 24 h (80
ug/L) nowm CAP dev aviyvetOnue petd amd 24 h.

Ovtpéc MIC tou gagudrov pe m xevion diooameotay-
uévou veov pe 2% NaCl feédnrayv va elvar ndtw amnd 1
pg/ml uévo ywa to V. damsela, eved o tpég MIC yia 10
Vibrio anguillarum ogdétvmog 1b, to  Photobacterium
damsela subsp. piscicida, to V. alginolyticus wow 10 V.
fluvialis vivov TohG vymAStees (4,78 ug/ml). H mpoobiixn
TV BOAAOOLOV ROTIGVTOV 0TO VMG ElYE OG ATOTEAEOUOL
™mv ®xatd 4 poég ueimwon e dpaonxdmrog g CAP wg
7pog to V. alginolyticus nowto V. fluvialis, evad dev elye emi-
dpaon oto Vibrio anguillarum, 1o Photobacterium damsela
subsp. piscicida nowto V. damsela.”Etot, 1| avioryoviotx e-
nidpaomn ™mg aratdmrag ot dpaotrdmra g CAP gai-
vetau Gt eEardtan ot o eidog. Autd CuUp®VEL UE Ta. gV-
ofjuata tov Torkildsen et al (2000), o omolog uehénoe myv
emidQaoN TV oToL ElWY TOV BaAAOOIVOT VEQOD O OO~
oundmra g CAP pali pe dhha pdouora xatd tov Bo-
xnelwv exelvav to oot oyetiCovral pe g Mopeg twv
yteviv. Epéoov n CAP otoyetel 1o foxtmorand ouiéom-
1oL, oL dLapoEES ot Uelmwon T dEAOTIRGTNTAS TOU (PAQ-
uaxov yie oL faxtioe to omoio eAEyyinrav, mbavoy va
0elhOVTOL 0TI UELWUEVY SLOTTEQATTNTA TOV RUTTUQLROT
QM UOTOS TV fartneimy, Ta omola £detEoav avEnué-
veg Twwéc MIC Adym g emEQong Tmv  RaTdviwy
(Torkildsen et al. 2000).

Muo. pdhhov BemwoenTiry] extiunon g arddoong eveg
PAOUAROV evavtiov Twv faxmolardv taboyévav faoi-
Cetow o yevixt] aQyn ®atd ™y ool petd omd xoeiynon

L/kg) (Rigos et al., 2003a), but smaller to the values found
for OTC and OA (2.11 — 2.90 L/kg) (Rigos et al. 2002,
Rigos et al., 2003b ). The V) value of CAP indicates an
adequate distribution of the drug into tissues which is of
vital importance against pathogenic bacteria localized in
poorly vascularized tissues.

It has been reported that CAP is disappeared much
faster compared to OTC from the muscle of fresh water
fishes (Anhalt, 1977). This is in agreement with residue
comparisons (OTC vs CAP) that can be made from OTC
studies in gilthead sea bream (Rigos et al., 2003b). In the
present study, CAP was undetectable in gilthead sea bream
muscle at 64 h post-injection, whereas OTC in the above
unpublished work was measured at even 7.5 days post-
injection. Since fish species and water temperature are
identical between these studies, this is probably due to the
differences in the detoxification process between CAP and
OTC mainly directed to microsomal cytochrome P450-
dependent mixed-function oxidase system, which is the
primary mechanism to catalyse oxidative metabolism of a
variety of drugs along with other exogenous compounds
(Stegeman, 1989). Additionally, the elimination of CAP
from gilthead sea bream muscle is shorter compared to that
found in rainbow trout (Oncorhynchus mykiss) (Skare et al.
1974), where CAP residues were measured even after 8
days post administration, when the drug was given in
gelatin capsules (50 mg/kg fish). In general, the processing
and elimination of drugs is faster in marine compared to
fresh water species (Ishida, 1992). A rapid CAP elimination
from giant tiger prawn (Penaeus monodon) and kuruma
prawn (P. japonicus) muscle and serum has been demon-
strated in the study of Liu and Liu (1993), where the drug
was administered orally (50 mg/kg prawn) or by 24 h-bath
(80 pg/L) treatment and become undetectable within 24 h.

In Figure 1 we can see CAP elimination from blood
plasma and muscle tissue, the mean concentrations found
and the standard deviations calculated.

The MIC values of the drug, using distilled water
supplemented with 2% NaCl, were found to be below 1
ug/mL only for V. damsela, whereas corresponding values
against Vibrio anguillarum serotype 1b, Photobacterium
damsela subsp. piscicida, V. alginolyticus and V. fluvialis
were much higher (4.78 pg/mL). The addition of marine
cations in the medium resulted to a 4-fold reduction in
CAP activity against V. alginolyticus and V. fluvialis,
whereas showed no effect for V. anguillarum, P. damsela
subsp. Piscicida and V. damsela. Thus, the antagonistic
effect of salinity on the activity of CAP is likely to be
species-dependent. This agrees with findings from
Torkildsen et al. (2000), who investigated the effect of
seawater components to the activity of CAP along with
other drugs against bacteria associated with scallop larvae.
Since CAP targets the bacterial ribosome, differences on
the reduction of the activity of the drug against the bacteria
tested may be probably due to the decreased permeability of
the cell envelope of the bacteria, which revealed increased
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1 UEYLOTH CUYREVTQWOT 0TO TAAOUA TOV O{UATOS VTTEQ-
Baivermy avaroyia 4:1 (avartoato enimedo oto TAdoua Tov
atpatog:MIC) (Stamm, 1989). Evtovtoig, avti 1 wpdtoon
€xetL daypevobel oe onuavtrs Pabud (Smith et al, 1994)
xan Ba €mpeme va yonowomoteital pe tpoooy. Metd v
€veon m uéyrom ovyxrévipwon g CAP oto thdoua tov
atpatog eival péMe Ttdve amd g tuéc MIC, ou omoieg
Beébnray yia ta taboydva axrtioa mov eAEyyOnray, pe
wa eEaipgom (to V. damsela) uévo yuo g meateg dvo o-
oeg. Mua yooriynon CAP arntd 1o otéua mpogavag Oo elye
WE AWTOTELEOUO CHUAVTIRDE XOUNAGTEQO. ETtiTEd OTO TN~
opo Tov atpatos. "Etot, Aapfdvovrag vaéym v modtaon
tov Stamm (1989), n CAP de Ba €npene va Bempeitan 6t
elvol  amoteleopatiny] TovhdyLotov ywa to  Vibrio
anguillarum opé6tumog 1b, to Photobacterium damsela
subsp. piscicida, o V.alginolyticus wovto V. fluvialis. Twa va
empeParmbel avti n vtéBeon amaLTOYVTOL TEQLOOGTEQN
selpduata wyalag uéhuvong (challenge) pe avtd to wa-
Boyova Partiioia arohovBovueva amrd Bepameio ue CAP.

Svprepaopatind, N CAP mapovotdlel tuovomoumTin
PAQUOXOXLVIITLRY CUMITTEQLPOQT UE ULCL YOTYOQT] ALTTOUA-
RQUVOT OTT6 TO PViK L0TS ™E ToLTovac. ‘Oume, oL vyn-
Mg rpéc MIC g ouvdvaoud e Tig XAUNAES CUYREVTOM-
OELS TNE OTO TTAAOUOL TOV aiiatog PeTd ot evOomAEPLa yo-
017YNOM TTEOELOTOLOTY YL pLet TTOVY] U1 OTTOTEAE OUOLTL-
%1} HQAON RATA TWV ONUOVTLRGV BarTOLOXGY TABoYOVmV
™¢ Meooyetanic vy Buoralhépyeras. Ta evpuato autd
oe ouvduaoud ue 1o yeyovos s CAP eivan évag amaryo-
QEVUEVOS ToRdyovTog Ba meénel va amoxheioel ndbe mi-
Bavitnta aELohGyNomg TS Mg RATOLOV VTTOWYHPLO EVOLA-
AORTLRO TTOLQAYOVTOL, RO KOLL YLOL TTELQAUATIROVS ORO-
TOUG, OTAL EXTOEPSUEVAL YAQLOL TV BEQUAV VEQaIV. [

MIC values due to the influence of the seawater cations
(Torkildsen et al. 2000).

A rather theoretical assessment of a drug’s efficiency
against bacterial pathogens relies on the guideline, where
its maximum plasma concentration following admini-
stration in the target species exceeds the factor 4:1 (peaked
plasma level:MIC) (Stamm, 1989). However, this proposal
has been considerably contradicted (Smith et al. 1994) and
should be treated with caution. Following the injection,
CAP plasma maximum concentration is just above the MIC
values found for the bacterial pathogens tested with one
exception (V. damsela) for only the first 2 h. An oral
administration of CAP would obviously reveal considerably
lower peaked plasma levels. Therefore, considering the
proposal of Stamm (1989), CAP can not be considered as
being effective at least against Vibrio anguillarum serotype
1b, Photobacterium damsela subsp. piscicida, V. alginolyticus
and V. fluvialis. Further challenge tests with these bacterial
pathogens followed by CAP treatment are required to
confirm this assumption.

In conclusion, CAP displayed an adequate kinetic
behavior with a rapid elimination from gilthead sea bream
muscle, however, its high MIC values, coupled with the low
peaked CAP plasma levels after the injection, warn for a
possible inefficacy against important bacterial pathogens
of Mediterranean mariculture. The present findings,
integrated with the fact that CAP is a banned agent, should
reject the possibility for evaluating CAP as an alternative
treatment candidate even for experimental purposes in
warm water fish farming. 1
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