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Evaluacion de la concentracion de oxitetraciclina en tejidos de camardn suministrada a través de
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Resumen

En México, la oxitetraciclina es comunmente aplicada en los sistemas de cultivo larvario de camar6én para controlar
problemas bacterianos. Sin embargo, no se sabe cuanta oxitetraciclina es incorporada por los camarones. El objetivo del presente
estudio fue medir los niveles de oxitetraciclina incorporados por postlarvas de Litopenaeus vannamei, ofrecida por dos rutas
diferentes, bioencapsulada en nauplios de Artemia franciscana y aplicada directamente en agua de mar. Se hicieron cinco
tratamientos: Postlarvas medicadas a través de un bafio convencional (20 ppm) y alimentadas con nauplios de Artemia (BANO),
postlarvas alimentadas con nauplios de Artemia enriquecida con oxitetraciclina (19 mg comida™) y Rich®, una mezcla comercial
de lipidos (R-OTC), postlarvas alimentadas con nauplios de Artemia enriquecida con oxitetraciclina (19 mg comida™) (OTC),
postlarvas alimentadas con nauplios de Artemia enriquecida con Rich® (RICH) y postlarvas alimentadas con nauplios de Artemia
(control). Los tratamientos se aplicaron por 7 dias y diariamente se muestrearon postlarvas de todos los tratamientos para medir
los niveles de oxitetraciclina incorporados usando cromatografia liquida de alta resolucién (HPLC). La m4s alta incorporacion de
oxitetraciclina en los camarones fue con el tratamiento BANO. Los valores no variaron mucho dia con dia ni entre tratamientos.
El Rich® mejoro la cantidad de oxitetraciclina incorporada por los camarones. El dia 7 las concentraciones de oxitetraciclina
medidas en los diferentes tratmientos fueron: OTC, 5.77 0.6 ug g'; R-OTC, 18.98 + 2.8 g g '; y BANO, 26.3 + 8.1 g g! de
extracto de camardn. Se recomienda ofrecer al menos 4 veces la concentracidon minima inhibitoria (CMI), para lograr
concentraciones terapéuticas en los organismos a ser tratados. Los resultados del analisis cromatografico en el cuerpo de los
camarones mostraron que se alcanzaba 0.15 de la CMI (303.98 pig mL™") reportada y para el tratamiento mas alto. La
oxitetraciclina es hidrosoluble y posiblemente su bioencapsulacion, para lograr valores terapéuticos, no sea posible. En cuanto al
bafio medicado, se requiere una concentracion mas alta para lograr valores terapéuticos en los tejidos de camaron.

Palabras clave: oxitetraciclina, camaron, Litopenaeus vannamei, HPLC.
Abstract

In Mexico, oxytetracycline is commonly applied to shrimp larval rearing systems to control bacterial problems; however, it is
not known how much oxytetracycline is incorporated by the shrimp. The present study aimed to measure the levels of
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oxytetracycline incorporated by Litopenaeus vannamei shrimp postlarvae offered by two different administration routes:
bioencapsulated in Artemia franciscana nauplii and applied directly in the seawater. Five treatments were used: postlarvae
medicated through conventional bath (20 ppt) and fed Artemia nauplii (BATH), postlarvae fed Artemia nauplii enriched with
oxytetracycline (19 mg meal™) and Rich®, a commercial lipid mix (R-OTC), postlarvae fed Artemia nauplii enriched with
oxytetracycline (19 mg meal™) (OTC), postlarvae fed Artemia nauplii enriched with Rich® (RICH), and postlarvae fed with
Artemia nauplii (control). Treatments were applied for seven days and postlarvae from each treatment were sampled daily to
measure the levels of oxytetracycline incorporated through high performance liquid chromatography (HPLC). Higher
incorporation of oxytetracycline in the shrimp was found in the BATH treatment. Values did not vary much among days within
the treatments. Rich® improved the amount of oxytetracycline incorporated by the shrimp. By day 7, the mean antibiotic
determinations were as follows: OTC, 5.77 + 0.6 pg g'; Rich® + OTC, 18.98 + 2.8 ug g!; and BATH, 26.3 * 8.1 g g! of
shrimp extract. An antibiotic dose of 4 times the minimum inhibitory concentration (MIC) is recommended in order to achieve
therapeutic doses in the organisms to be treated. The results from the chromatography analysis on the shrimp body showed that
only 0.15 of the MIC (303.98 pg mL™") reported was in fact detected in the shrimp in the highest treatment. Oxytetracycline is
water-soluble, and perhaps its bioencapsulation for treatment purposes is not feasible. As for the medicated bath, a higher
concentration is required to achieve a therapeutic dose in the shrimp tissues.

Key words: oxytetracycline, shrimp, Litopenaeus vannamei, HPLC.

Introduccion

En Mexico, uno de los antibioticos mas usados en la indus-
tria camaronicola es la oxitetraciclina (Roque et al., 2001). En
larvicultura, los antibidticos son generalmente administrados
en el agua; sin embargo, esta ruta de suministro conlleva pérdi-
das de antibidtico y posiblemente el desarrollo de resistencia
en ambas bacterias, blanco y no blanco. En America Latina los
camaronicultores usan principalmente el camarén blanco del
Pacifico Litopenaeus vannamei (Boone, 1931) (FAO, 2002).

Una ruta alternativa de suministro de antibidtico a organis-
mos acuaticos puede ser a través del alimento. Los antibidticos
se pueden suministrar encapsulados en alimento vivo (bioen-
capsulacion), aumentando asi la eficacia de suministro (Chair
et al., 1991). La factibilidad de esta técnica se ha investigado
en peces (Cherel y Nin, 1991) y camarones (Mohney et al.,
1990). Gomez-Gil et al. (2001) sugieren cuanto antibidtico
debe ser ofrecido a los nauplios de Artemia durante 4 h,
periodo de tiempo que se establecid como adecuado en el
mismo estudio.

Sin embargo, a la fecha, no se sabe si las postlarvas de
camardn logran realmente incorporar los antibidticos y, en caso
de hacerlo, si la cantidad incorporada es terapéutica ya sea
cuando el antibidtico es ofrecido en el alimento o aplicado
directamente en el agua (Roque y Goémez-Gil, 2003).

El objetivo de este estudio fue comparar dos rutas de
suministro de oxitetraciclina a postlarvas de camarén blanco L.
vannamei: bioencapsulacion, utilizando nauplios de Artemia
como vehiculo, y un bafio medicado. También se evalud si los
niveles incorporados en las postlarvas tenian valor terapéutico.

Materiales y métodos
Organismos experimentales

Se descapsularon quistes de Artemia franciscana, Kellog
1906 (INVE, Belgica) (3.2 g dia') de acuerdo con el protocolo

propuesto por Sorgeloos et al. (1977). Los huevos se incubaron
en 1.8 L de agua de mar, aireandose fuertemente y con intensa
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Introduction

In Mexico, one of the most used antibiotics by the shrimp
culture industry is oxytetracycline (Roque et al., 2001). In
larviculture, antibiotics are generally administered in the water;
however, this delivery route leads to loss of antibiotic and
possibly to the induction of resistence in both target and non-
target bacteria. In Latin America, shrimp farmers mainly use
the Pacific white shrimp Litopenaeus vannamei (Boone, 1931)
(FAO, 2002).

An alternative antibiotic delivery route to aquatic organ-
isms can be through the feed. Antibiotics can be delivered
encapsulated in live feed (bioencapsulation), increasing the
efficacy of the delivery (Chair ef al., 1991). The value of this
technique has been investigated for both fish (Cherel and Nin,
1991) and shrimp (Mohney et al., 1990). Gomez-Gil et al.
(2001) provided guidelines on how much antibiotic should be
offered to Artemia nauplii for 4 h, and this period of time was
also established to be suitable in the same study.

However, to date, it is not known whether shrimp post-
larvae can actually incorporate antibiotics and if they do,
whether they incorporate it in therapeutic doses, both when the
antibiotic is administered directly in the water or delivered in
the food (Roque and Gomez-Gil, 2003).

The aim of this study was to compare two delivery routes
of oxytetracycline to postlarvae of white shrimp L. vannamei:
bioencapsulation, using Artemia nauplii as the vehicle, and in a
medicated bath. Also, to evaluate whether the levels reached in
the poslarval bodies were of therapeutic value.

Materials and methods
Experimental organisms

Artemia franciscana, Kellog 1906 cysts (INVE, Belgium)
(3.2 g day™") were decapsulated following the methodology
proposed by Sorgeloos et al. (1977). The eggs were then incu-
bated in 1.8 L of full strength seawater, strongly aerated, and
under strong artificial light. After 24 h, the nauplii were
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luz artificial. Los nauplios se cosecharon a las 24 h, y se divi-
dieron en cuatro grupos: uno se enriquecié con Rich® (1.28 g),
una emulsion lipidica comercial mezclada en 800 mL de agua
de mar, y otro grupo se enriqueci6 con Rich® (1.28 g) y oxite-
traciclina (Sigma Chemical Co., EUA) (1.024 g), mezclados en
800 mL de agua de mar con una concentracion final de 1.28
mg mL™!; otro grupo se enriquecid con oxitetraciclina mez-
clada en 800 mL de agua de mar dando una concentracion final
de 1.28 mg mL; y el Gltimo grupo se dejo en 800 mL de agua
de mar limpia. Los cuatro grupos se incubaron 4 h mas antes de
ser ofrecidos a las postlarvas de camaron.

Se adquirieron postlarvas 6 de L. vannamei de un laborato-
rio de produccion de postlarvas en Sinaloa, México, se
aclimataron a un sistema de recirculacion de 400 L de capaci-
dad y se alimentaron con nauplios de Artemia no medicados.
Cuando las postlarvas alcanzaron un peso aproximado de
0.046 g se usaron en el experimento.

El nimero de nauplios consumido por postlarva se estimo,
alimentando ad libitum tres postlarvas, colocadas individual-
mente en recipientes de 0.5 L con un numero conocido de
nauplios de Artemia por 24 h. Después de este periodo se con-
taron los nauplios de Artemia sobrevivientes. Los nauplios de
Artemia se contaron cosechandolos de cada frasco, individual-
mente en 10 mL de agua de mar limpia, y fijdndolos con 5 mL
de alcohol etilico (96x). Los nauplios se tomaban del fondo del
recipiente donde estaban fijados y sedimentados, en pequefias
gotas con una pipeta Pasteur, y se colocaban sobre un porta
objetos. Todos los nauplios se colocaron sobre el porta objetos,
se contaron y, al final, su nimero se sumo para tener un conteo
total por frasco.

Andalisis de oxitetraciclina por cromatografia liquida de
alta resolucion (HPLC, por sus siglas en inglés)

Las postlarvas se recolectaron de los acuarios, se enjagua-
ron con agua destilada, se envolvieron en aluminio y se
almacenaron a —80°C, hasta su analisis.

Los andlisis cromatograficos siguieron la metodologia de
Bermudez-Almada et al. (1999), adaptada de Long et al
(1990) con modificaciones minimas. Las muestras (0.5 g) se
pasaron a un mortero de vidrio. Se les afiadid silica C3 (2 g;
Sigma Chemical Co., St. Louis, MO) con tamafio de particula
de 15 a 40 pm, 0.05 g de EDTA (etiléndiaminotetraacetato) y
0.05 g de acido oxalico. La mezcla fue homogeneizada con la
mano del mortero. La pasta formada se pasoé por una jeringa
con papel filtro en el extremo inferior para formar
una columna. La matriz de la columna fue comprimida a
4.5 mL y se pasaron dos volumenes de 8 mL de hexano. La
oxitetraciclina fue extraida con dos porciones de 8 mL de
acetonitrilo-metanol (1:1 v/v) conteniendo 0.06% de BHA
(butil-hidroxi-anisol, Sigma) y BTH (butil-hidroxi-tolueno,
Sigma). El extracto se evapord hasta que se secd en un bafio
maria a 40°C, bajo flujo de aire. El residuo fue diluido en 1 mL
de fase movil y sonicado (Cole Parmer 8892) 45 min hasta sus-
pension. La solucion fue centrifugada 10 min a 17000 x g. El
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harvested and divided into four groups: the first was enriched
with Rich® (1.28 g), a commercial lipid emulsion, mixed in
800 mL of full strength seawater; the second was enriched with
Rich® (1.28 g) and oxytetracycline (Sigma Chemical Co.,
USA) (1.024 g) mixed in 800 mL of full strength seawater, giv-
ing a final oxytetracycline concentration of 1.28 mg mL'; the
third was enriched with oxytetracycline (1.024 g) mixed in 800
mL of seawater, giving a final concentration of 1.28 mg mL;
and the fourth was left in 800 mL of clean seawater. The four
groups were incubated a further 4 h before being fed to the
shrimp postlarvae.

Litopenaeus vannamei postlarvae 6 were acquired at a
commercial hatchery in southern Sinaloa and were acclimated
to a 400-L recirculation system and fed live unmedicated
Artemia nauplii. When they reached an average weight of
0.046 g, they were used for the experiment.

The number of nauplii consumed per postlarva was
estimated by feeding ad libitum three postlarvae, placed indi-
vidually in 0.5-L recipients, with a known number of Artemia
nauplii for 24 h. After this period, the number of surviving
nauplii was again counted. Artemia nauplii were counted,
collecting all the live nauplii in each flask in 10 mL of clean
seawater and then fixing them with 5 mL of ethilic alcohol
(96%). The nauplii were then removed in small drops with a
glass Pasteur pipette from the bottom of the recipient where
they had sedimented, placed on a glass slide, and the nauplii in
all the drops were counted and added to have a final number
per flask.

Oxytetracyline analysis through high performance liquid
chromatography (HPLC)

The postlarvae were collected from the aquaria, rinsed with
distilled water, wrapped in foil paper, and stored at —80°C until
further analysis.

The chromatographic analysis followed the methodology
of Bermudez-Almada et al. (1999), adapted from Long et al.
(1990) with minimal modifications. The samples (0.5 g) were
weighed onto a glass mortar. Silica C5 (2 g; Sigma Chemical
Co., St. Louis, MO) with a particle size of 15 to 40 pm,
0.05 EDTA (ethylendiaminetetraacetate), and 0.05 g of oxalic
acid were added. The mix was homogenized with the pester.
The paste formed was passed through a syringe with filter
paper in the extremity to form a column. The matrix of the
column was compressed to 4.5 mL and two volumes of 8 mL
of hexane were passed. The oxytetracyline was eluted with two
portions of 8 mL of acetonitrile-methanol (1:1 v/v) containing
0.06% of BHA (butylated hydroxyanisole, Sigma) and BTH
(butylated hydroxytoluene, Sigma). The extract was evapo-
rated until it dried in a water bath at 40°C, under an air flow.
The residue was diluted in 1 mL of mobile phase and sonicated
(Cole Parmer 8892) 45 min until suspension. The solution was
centrifuged for 10 min at 17,000 x g. The supernatant was fil-
tered through a 0.45 pm nylon membrane filter. The analysis
were performed in a liquid chromatograph (Varian 9010,
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sobrenadante se pas6 por un filtro de membrana de nylon
de 0.45 pm. Los analisis se realizaron en un cromatégrafo de
liquidos (Varian 9010, Sunnyvale, CA) equipado con un detec-
tor ultravioleta-visible (Varian 9050) a 365 nm. La muestra
inyectada se extrajo con un flujo isocratico de acido oxa-
lico:acetonitrilo:metanol (70:27:3 v/v/v) a 1 mL min™ en un
columna de fase reversa con C,g (5 pm, 4.6 x 250 mm, Alltech
Associates, Inc., Deerfield, IL). La oxitetraciclina en las mues-
tra se identificd por comparacion del tiempo de retencidon con
el del estandar. Todas las muestras se corrieron por duplicado.

Protocolo experimental

El sistema experimental usado consistiéo en 20 acuarios de
vidrio con capacidad de 5 L y llenos con 3.5 L de agua de mar
(temperatura 31+ 1°C; salinidad 29 * 2%o), filtrada por luz UV
y con aireacion individual a través de mangueras de aire conec-
tadas a un aireador de 2.5 HP (Siemmens, Alemania). El
sistema fue estatico. En cada acuario se colocaron 60 postlar-
vas. Los tratamientos se asignaron al azar con cuatro acuarios
por tratamiento. Los tratamientos fueron los siguientes:

R-OTC, postlarvas alimentadas ad /ibitum durante 4 h, con
nauplios de Artemia conteniendo oxitetraciclina y Rich®.

RICH, postlarvas alimentadas ad libitum durante 4 h, con
nauplios de Artemia conteniendo Rich®.

OTC, postlarvas alimentadas ad libitum durante 4 h, con
nauplios de Artemia conteniendo oxitetraciclina.

BANO, postlarvas alimentadas ad [ibitum durante 4 h, con
nauplios de Artemia conteniendo Rich® y medicadas en un
bafio de oxitetraciclina con 20 mg de oxitetraciclina por
litro de agua de mar.

CTRL, postlarvas alimentadas ad libitum durante 4 h, con
nauplios de Artemia no enriquecidos.

Transcurridas las 4 h del periodo de alimentacion, se mues-
trearon ocho postlarvas diariamente de cada acuario y se
congelaron a —80°C hasta su andlisis por HPLC. Diariamente
se realizaron recambios totales de agua en cada acuario
retirando la Artemia y los antibidticos no consumidos. El expe-
rimento duro6 siete dias y se llevo a cabo dos veces.

Analisis estadisticos

Los promedios de los resultados de cada acuario fueron
analizados con una prueba de Kruskal-Wallis después de veri-
ficar que no estaban distribuidos normalmente. En los casos en
que la prueba de Kruskal-Wallis indicd que habia diferencias
significativas entre tratamientos, se utilizo la prueba de compa-
raciones multiples de Dunn (Zar, 1999).

Resultados

Se estimd que las postlarvas consumieron un promedio de
1334 nauplios por dia (maximo = 1344, minimo = 1321).
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Sunnyvale, CA) equipped with an ultraviolet-visible detector
(Varian 9050) at 365 nm. The injected sample was eluted with
an isocratic flux of oxalic acid:acetonitrile:methanol (70:27:3
v/v/v) at 1 mL min' in a reverse phase column with C 4 (5 pm,
4.6 x 250 mm, Alltech Associates, Inc., Deerfield, IL). The
oxytetracycline was identified by comparing its retention time
with the standard. All samples were run in duplicate.

Experimental procedure

The experimental system used consisted of twenty 5-L
glass aquaria with 3.5 L of seawater (temperature 31 + 1°C;
salinity 29 * 2%o), filtered through UV light and aerated
individually through airlines conected to a 2.5HP airblower
(Siemmens, Germany). The system was static. Sixty postlarvae
were placed in each aquarium. Treatments were randomly
asigned and four aquaria were allocated to each treatment. The
treatments were the following:

R-OTC, postlarvae fed ad libitum for 4 h with Artemia
nauplii containing oxytetracycline and Rich®.

RICH, postlarvae fed ad libitum for 4 h with Artemia

nauplii containing Rich®.

OTC, postlarvae fed ad libitum for 4 h with Artemia nauplii
con- taining oxytetracycline.

BATH, postlarvae fed ad libitum for 4 h with Artemia

nauplii containing Rich® and medicated in a bath contain-
ing 20 mg of oxytetracycline per litre of seawater.

CTRL, Postlarvae fed ad libitum for 4 h with un-enriched
Artemia nauplii.

After the 4-h feeding period, eight postlarvae were sampled
daily from each aquarium and frozen at —80°C until further
analysis by HPLC. Daily total water changes were performed
in every aquarium, removing the Artemia and antibiotics left-
over. The experiment lasted seven days and was carried out
twice.

Statistical analysis

The means of the results obtained from each aquarium were
analyzed with a Kruskal-Wallis test, after it was verified that
they were not normally distributed. When the Kruskal-Wallis
test indicated significant differences among treatments, Dunn’s
multiple comparison test was used (Zar, 1999).

Results

Postlarvae were found to consume an average of 1334 nau-
plii per day (maximum = 1344, minimum = 1321).

No oxytetracycline was detected in any CTRL or RICH
treatment.
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No se detect6 oxitetraciclina en ninguno de los tratamientos
CTRL o RICH.

En la primera repeticion del experimento, el promedio de
oxitetraciclina medida en los tejidos de camaréon en el
tratamiento OTC fue 8.23 pg mL~! con un méaximo de 19.05 y
un minimo de 5.6 pg mL™! (dias 1 y 4, respectivamente).
La concentracion media de oxitetraciclina en el tratamiento R-
OTC fue 15.24 pg mL™' y las concentraciones maxima y
minima fueron 22.61 y 9.12 pg mL! (dias 3 y 1, respectiva-
mente). Para el tratamiento BANO, la concentracion media fue
de 25.64 pg mL', el maximo y minimo fueron de 33.67 y
17.66 pg mL! (dias 3 y 1, respectivamente). La prueba de
Kruskal-Wallis indicé diferencias siginificativas entre los dife-
rentes tratamientos aplicados (H = 28.965; P < 0.001). La
prueba de comparaciones multiples de Dunn indicé que los
tratamientos donde se aplico oxitetraciclina eran significativa-
mente diferentes de los tratamientos donde ésta no se aplico.
Sin embargo, el tratamiento OTC no fue significativamente
diferente de ninguno de los otros tratamientos aplicados.

En la segunda repeticion del experimento, el promedio de
oxitetraciclina medido en el camaron para el tratamiento OTC
fue 8.43 pg mL!, con un maximo de 14.96 y un minimo de
3.18 pg mL (dias 3 y 2, respectivamente). La concentracion
media de oxitetraciclina en el tratamiento R-OTC fue
21.18 pg mL, y las concentraciones maxima y minima fueron
28.31 y 10.31 pg mL! (dias 3 y 6, respectivamente). Para el
tratamiento BANO, la concentracion media fue de 39.73 pg
mL!, el maximo y minimo fueron de 43.08 y 14.49 pg mL!
(dias 3 y 5 respectivamente). La prueba de Kruskal-Wallis
indico diferencias siginificativas entre los diferentes tratamien-
tos aplicados (H = 31.015; P < 0.001). La prueba de
comparaciones miltiples de Dunn indic6é que los tratamientos
donde se aplico oxitetraciclina eran significativamente diferen-
tes de los tratamientos donde ésta no se aplico. Sin embargo, el
tratamiento OTC no fue significativamente diferente de nin-
guno de los otros tratamientos aplicados.

En la tabla 1 se presenta un resumen de las concentraciones
de oxitetraciclina medidas en el tejido de camaron para todos
los tratamientos en los dos experimentos.

Discusion

Los resultados obtenidos en este estudio indican que la oxi-
tetraciclina suministrada a las postlarvas de L. vannamei por
siete dias tiene poco valor terapéutico, dado que no fue posible
lograr la concentracion minima inhibitoria (CMI) para aislados
bacterianos frecuentemente asociados con enfermedades bacte-
rianas en camar6on, 304.0 pg mL! (SD = 464.8) (Roque et al.,
2001). Con el tratamiento BANO se logré un méximo de 38.3
Hg mL' y, aunque los resultados del bafio medicado tradicio-
nal (BANO) fueron mejores debido a la mas alta incorporacion
de oxitetraciclina en los tejidos del camaroén, no se lograron los
valores propuestos ni la incorporacion fue significativamente
mas alta para esta ruta. La CMI reportada por Roque et al.
(2001) para bacterias del género Vibrio aisladas a partir de
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For the first repetition of the experiment, the average
concentration of oxytetracyline measured in the shrimp in the
OTC treatment was 8.23 pg mL™', with a maximum of
19.05 pg mL' and a minimum of 5.6 pg mL-! (days 1 and 4,
respectively). The average concentration of oxytetracycline in
the R-OTC treatment was 15.24 pg mL™!, and the maximum
and minimum concentrations were 22.61 and 9.12 pg mL!
(days 3 and 1, respectively). For the BATH treatment, the aver-
age concentration of oxytetracycline was 25.64 pg mL-!, and
the maximum and minimum were 33.67 and 17.66 pg mL!
(days 3 and 1, respectively). The Kruskal-Wallis test indicated
that there were significant differences among the treatments
applied (H = 28.965, P < 0.001). Dunn’s test indicated that
the treatments in which oxytetracycline was applied were
significantly different from the treatments in which no oxytet-
racycline was applied. However, the OTC treatment was not
significantly different from any of the other treatments applied.

For the second repetition of the experiment, the average
concentration of oxytetracyline measured in the shrimp in the
OTC treatment was 8.43 pg mL™', with a maximum of
14.96 pg mL! and a minimum of 3.18 pg mL-' (days 3 and 2,
respectively). The average concentration of oxytetracyline in
the R-OTC treatment was 21.18 pg mL™, and the maximum
and minimum concentrations were 28.31 and 10.31 pg mL"!,
(days 3 and 6, respectively). For the BATH treatment, the aver-
age concentration of oxytetracycline was 39.73 pg mL™!, with a
maximum and minimum of 43.08 and 14.49 pg mL! (days 3
and 5, respectively). The Kruskal-Wallis test indicated that
there were significant differences among the treatments
applied (H =31.015, P <0.001). Dunn’s test indicated that the
treatments in which oxytetracycline was applied were signifi-
cantly different from the treatments in which no oxytetracy-
cline was applied. However, the OTC treatment was not
significantly different from any of the other treatments applied.

A summary of the oxytetracycline concentrations measured
in the shrimp tissues for all the treatments in both experiments
is presented in table 1.

Discussion

The results obtained in this study indicate that the oxytetra-
cycline offered to L. vannamei postlarvae for seven days is
of little therapeutic value, since it was not possible to achieve
the minimum inhibitory concentration (MIC) for bacterial
isolates frequently associated with shrimp bacterial diseases:
304.0 pg mL' (SD = 464.8) (Roque ef al., 2001). A maximum
of 38.3 pg mL' was achieved for the BATH treatment.
Although the results for the medicated bath (BATH) were bet-
ter because of the higher incorporation of oxytetracycline in
the shrimp tissues, the proposed concentrations were not
achieved nor was the incorporation significantly higher
through this route. The MIC reported by Roque et al. (2001)
for vibrios isolated from cultured shrimp (L. vannamei and
L. stylirostris) is 304.0 ug mL™!, and Stamm (1989) proposes
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camardn de cultivo (L. vannamei y L. stylirostris) es 304.0 ug
mL" y Stamm (1989) propone que la dosis terapéutica a ser
usada en acuicultura debe ser cuatro veces la CMI. El valor
mas alto detectado en este estudio (38.38 pHg mL™') corres-
ponde a aproximadamente un 4% del valor requerido.

Los resultados encontrados en este estudio contradicen los
resultados de un estudio de Roque et al. (1998) en el que se
muestra que es posible suministrar oxitetraciclina a Penaeus
monodon usando a Artemia como bioacarreador. Esto
probablemente se deba a que, en esa investigacion las concen-
traciones de oxitetraciclina se estimaron por un bioensayo de
difusion radial. Esa técnica se basa en la inhibicion del
crecimiento de una bacteria que funge como indicador de la
presencia del antibidtico, no es una técnica especifica y
cualquier compuesto que contribuya a la inihibicién del creci-
miento bacteriano lo cuantifica como antibidtico, en este caso
especifico como oxitetraciclina, lo que pudiera provocar una
sobreestimacion (Barry y Thornsberry, 1991).

La aparentemente baja incorporacion de oxitetraciclina en
Artemia puede ser explicada por las condiciones de aireacion
(Leger et al., 1987). La metabolizacion del antibidtico no se
tomo en cuenta dado que que la Artemia s6lo estuvo en el sis-
tema de enriquecimiento durante 4 h, y luego fue ofrecida a las
postlarvas. La pérdida de antibidtico en los acuarios puede
haber contribuido a los bajos niveles encontrados en camaron
porque, después de 4 h en agua de mar limpia, la Artemia
pierde cerca del 75% de la oxitetraciclina total incorporada
(Gomez-Gil et al., 2001) y, asi, parte de la Artemia ingerida
por las postlarvas hacia el final de las 4 h debe haber tenido
muy poco valor terapéutico. Ademas, la oxitetraciclina es ines-
table en soluciones acuosas a pH entre 7 y 8.5 (Aiello y Mays,
1998), lo que cubre el pH del agua de mar (aproximadamente
7.9 a8.2).

Se sabe que los laboratorios mexicanos de produccion de
postlarvas continuan aplicando oxitetraciclina directamente en
el agua (Goémez-Gil et al., 2001), sin embargo, este compuesto
es muy soluble en el agua, y en el agua de mar forma sales con
los cationes divalentes como Ca*" y Mg?". Varios estudios
sugieren que tan solo el 0.4% de la oxitetraciclina es la propor-
cion biodisponible para los peces (Nouws ef al., 1992). Otros
estudios reportan proporciones biodisponibles mas altas:
5% (Lunestad y Goksoyr, 1990), 1.25% (Nouws et al., 1992) y
7-9% (Cravedi et al., 1987). Por otro lado, en el suministro a
través de alimento medicado se presenta el mismo problema
porque la oxitetraciclina se liga al calcio de la dieta (Cravedi et
al., 1987) haciendo imposible la absorcion de ésta a través de
la membrana intestinal, debido a que que los complejos de cal-
cio y magnesio no cruzan membranas lipidicas tan eficazmente
como la oxitetraciclina libre.

Los resultados de este estudio demuestran principalmente
que las dosis de oxitetraciclina usadas en México en la
larvicultura de camaré6n son inadecuadas y que, aunque el pro-
tocolo de bioencapsulacion usado para la Artemia siguio las
recomendaciones de Gomez-Gil et al. (2001), este antibidtico
probablemente no contribuye a tratar enfermedades bacterianas
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that the therapeutic dose to be used in aquaculture be four
times the MIC. The highest concentration measured in this
study (38.38 pug mL™) is approximately 4% of the required
concentration.

The results found in this study contradict a study by Roque
et al. (1998) where it was shown that it is possible to deliver
oxytetracyline to Penaeus monodon using Artemia as a bio-
carrier, probably because the oxytetracycline measurements
were estimated using radial diffusion bioassay. This technique
is based on growth inhibition of a bacterium functioning as an
indicator of the presence of the antibiotic; however, it is not
specific and any compound contributing to bacterial growth
inhibition will be counted as the antibiotic in the study, in this
case as oxytetracycline, which would cause an overestimation
(Barry and Thornsberry, 1991).

The apparently low incorporation of oxytetracycline in the
Artemia can be explained by the aeration conditions (Leger et
al., 1987). Metabolization of the antibiotic is not being taken
into account, since Artemia were in the enrichment system for
only 4 h and then offered to the postlarvae. Loss of antibiotic
whilst in the shrimp aquaria may have contributed to the low
levels found in shrimp because, after 4 h in clean seawater,
Artemia looses around 75% of the total oxytetracycline incor-
porated (Goémez-Gil et al., 2001), and therefore some of the
Artemia ingested by the shrimp towards the end of the feeding
time may have been of very little therapeutic value. Moreover,
oxytetracycline is also known to be unstable in aqueous solu-
tions at pH between 7 and 8.5 (Aiello and Mays, 1998), which
covers the pH of seawater (around 7.9 to 8.2).

It is a known fact that Mexican shrimp-hatchery farmers
still use oxytetracycline directly in seawater (Gomez-Gil et al.,
2001). However, this compound is highly water soluble and in
seawater forms insoluble salts with divalent cations such as
Ca?* and Mg?*. Several studies suggest that as little as 0.4% of
this compound is bioavailable for fish (Nouws et al., 1992).
Other studies have reported higher proportions of bioavailabil-
ity: 5% (Lunestad and Goksoyr, 1990), 1.25% (Nouws et al.,
1992), and 7-9% (Cravedi et al., 1987). On the other hand, if
the application is made through medicated feed, the same
problem arises and oxytetracycline binds to the calcium in the
diet (Cravedi et al., 1987), making its absorption impossible
through fish intestine since both calcium and magnesium com-
plexes do not cross lipid-rich membranes as efficiently as free
oxytetracycline.

The results of this study show that the doses of oxytetracy-
cline used in Mexico for shrimp larviculture are inadequate and
that even though the protocol used for the Artemia bioencapsu-
lation followed the proportions suggested by Goémez-Gil et al.
(2001), this antibiotic probably does not contribute to treat
bacterial diseases in shrimp. During an outbreak of bacterial
disease, its use could have two effects: (a) it decreases the total
number of bacteria in the water column, so less shrimp will be
affected by them; and (b) it decreases the total number of
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Tabla 1. Concentracion de oxitetraciclina medida en tejidos de camardn para cada dia y cada tratamiento. Los resultados corresponden
al promedio de todas las determinaciones (repeticion 1y 2). Nd = no detectado; 1 mL de extracto = 0.5 g de tejido de camarén.

Table 1. Concentration of oxytetracycline measured in shrimp tissue for every day in each treatment. Results are an average of all the
measurements pooled together (repititions 1 and 2). Nd = not detected; 1 mL of extract = 0.5 g of shrimp tissue.

Dia CTRL RICH OTC R-OTC BANO

(HgmL™) (HgmL™) (HgmL™) (Mg mL™) (HgmL™)

1 Nd Nd 12.18 £9.7 16.60 £ 10.6 30.22+£17.8

2 Nd Nd 5.54+33 16.00 + 8.8 259227

3 Nd Nd 11.56 £4.8 25464 38.38 £ 6.7

4 Nd Nd 94254 16.32+£6.9 29.61 £8.8

5 Nd Nd 7.65%2.5 21.34+£0.28 16.88 +3.4

6 Nd Nd 7.14 10.31 23.54

7 Nd Nd 5.77%0.6 18.98 £ 8.1 26.30 £ 8.1

del camarén. Dos efectos podrian estar resultando de su uso:
(a) durante un brote de enfermedad bacteriana podria estar
reduciendo el numero total de bacterias presentes en la
columna de agua, e indirectamente contribuir a que menos
camarones sean afectados por ellas; (b) durante un brote de
enfermedad bacteriana podria estar reduciendo el numero total
de bacterias presentes en la columna de agua y contribuir asi a
seleccionar bacterias resistentes.
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