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Oral Medication with Florfenicol for
Black Tiger ShrimpsPenaeusmonodon
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Abstract

Florfenicol (FF) and Chloramphenicol (CAP) wer etested for their in vitro antimicrobial activity against 102
Vibrio isolates from clinical cases. The Minimum Inhibitory Concentration (MIC) for both
antimicrobials was < 8 ug/ml suggesting that all of the tested isolates were susceptible to both antimicrobials.
The observed MIC range of FF (0.5-4.0 ug/ml) was mor e potent than that of CAP (0.5-8.0 ug/ml). The activity of
both antimicrobials was not substantially influenced by the addition of sea water (5 ppt salinity) to the test
system. When considering the best type of antimicrobial for food producing animals and in vitro antivibrio
activity, FF is a good prospect for the treatment of shrimp Vibrio pathogens. Accordingly an in vivo study was
conducted on 3-month old black tiger shrimps, Penaeus monodon (14.5 £ 1.0 g) which were fed for 5 days
with FF medicated feed at 0.8 g of FF per kilogram of feed, and 2.5% of the shrimps body weight.
Florfenicol-amine (FFA), the marker residue of FF, was measured in the hepatopancreas and muscle using High
PerformanceLiquid Chromatography (HPL C) and UV detection. TheFFA concentration in samplesfrom control

shrimp was zero using these methods. The maximum concentration of FFA (C__ ) detected in

the hepatopancreas after 1 hour (T__) was 0.7 ug/g tissue, and C__ in the muscle was 0.05 ug/g tissue 4 hours
(T, after theinitial medication. The average concentrations of FFA analyzed every 24 hours after medication
were 0.5410.04 ug/g in the hepatopancreas and 0.151£0.02 pg/g in the muscle. By the seventh day, following
the cessation of feeding the medicated feed, the drug residue in the shrimp hepatopancreas and muscle, was

lower than any detectablelimitsfor themethodsused (0.01 ug/g).

Keywords: Black tiger shrimp, minimum inhibitory concentration, florfenicol, residues.

Department of Veterinary Public Health, 2Department of Medicine, Faculty of Veterinary Science, Chulalongkorn University,
Bangkok Thailand. ®Drug Control Division, Food and Drug Administration, Thailand.
*corresponding author e-mail : janenuj.w@chula.ac.th

39 $ 14/8/2549, 1:55



‘ 39-48.pmd

40 Pitayachamrat P. et al. /TIVM 36(2): 39-47.
U )
YNN8
b4 a "y o
mislvignlaslineananeimisunginaia

a a

a a d @ a @ o 1 @ gk
yrusn andusaadad' andiu auhuud® wopna Innde’ dan amiumi® wuyy Jessivde’

fnmlszanSmmves florfenicol (FF) 13uuifisuiy chloramphenicol (CAP) lumséfudiaye Vibrios nolsn

Tuanaé (Penaeus monodon) 31434 102 isolates  WUNANMINTUAIGAVDY FF 1az CAP Nansnsadudinsnigy

Voa1¥® Vibrio Nl¥naaey (Minimum Inhibitory Concentration; MIC) Ao 0.5-4 pg/ml tag 0.5-8 png/ml MUY
y  _ a L o g1 (4 4 o s 3 54 ¢

uaz MIC vosgncmugadninsaessialinldsunas iwenagevilsz@nimnvesenluersidauvefinaaiim:ia
B . . CLx R

AN 5 dauluiuaau (part per thousand, ppt) 1183910 FF ifuencmugainioyanaldldludadineanemsusion

= v v N A 6w v A v

Janaaeumslien FF luganaidienyg 3 aeu (hwdnduady 14-15.5 g) lagmsldewanaimisluving 0.8 mg FF

a (%) a (v (% (Y] : Y a d a

aanlanineIns Aanenu 5 Y TdemisTuazdszana 2.5% veunnindIfe nzvi3ana florfenicol-amine

(FFA) anmdluiioitiovesfsnaidisznnemsIiemaymevdamsvgaenlagds High Performance Liquid Chromatography

(HPLC) W UV detector laiwu FFA Tuifoodanaidinguaiugu daudenlasuenasianuanundudundegangaves

" v oo X A 4 M v & 4 "o

FFA (C ) lu hepatopancreas 1My 0.7 ug sian3iriiaEe a1 1 5309 (¢ ) sazlund ey 0.05 ug Aensu

oo (C ) et 4 Flug (¢ ndeonldSvennSwsn  anududwndeves FFA aaoa 24 Fluaveans

I¥iendian 0.54+0.04 g Aon3ailu hepatopancreas Hazdim 0.15£0.02 pg Aensulundanile  waza NI VEI FFA

aznowq anasndsngamsineawlimanseasrontlaluiuil 7 nasmsngaen

[l ' 4 k4 '
MdAr : Qnae anududumganawnsodudimsniyveudenlinadey vaewlinea eanAn

A o J J o ¢ J a o
! MAIPIFAINNSTTIIUQY, 25]1?1?1‘”1?]12;5?”?;1915 AUSANANNYAIAAT JWIAINTUNYIINGIY NFTANNA
P pogen  MUNNUANZNITUMTOTISHAZEN

Yo a
* JIUNAYDUUNANN

Introduction

The use of antimicrobials as a prophylactic
medication against shrimp Vibriosis is a common
practicein Thailand. The current practice, however,
may have limited usefulness because of the lack of
antimicrobial susceptibility data and the possible
antagonistic effects of components in sea water to
antimicrobial activity (Park et a., 1994; Torkildsen et
al., 2000). In addition, an increase in acquired
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antibacterial resistance by some Vibrio pathogenshas
ensured the need for antibacterials that will combat
these pathogens. Florfenicol (FF) is a broad-
spectrum, primarily bacteriostatic, antibacterial with
arange of activity similar to that of chloramphenicol
(CAP). Florfenicol ischemically different from CAP
and lacks the functional group associated with the
induction of human aplastic anemia (Adams, 1995;
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Plumb, 2002). The compound has been specifically
developed for veterinary use and human aplastic
anemia that is associated with CAP has not been
clinically reported. Maximum ResidueLimits(MRLYS)
of FF have been established for all food-producing
species, including bovine, ovine, caprine, porcine,
poultry and fin fish (EMEA, 2002). In aguaculture,
FF demonstrates potent activity against awide range
of fish pathogens in vitro and in vivo (Samuelsen et
a., 2003). The drug has been authorized in many
countries for use in aquaculture, including Canada,
Japan, Norway and the United Kingdom. However,
medication with FF to treat Vibriosis in black tiger
shrimps has not been reported. To establish the
correct dosage regimes and the prudent use of adrug,
data on the pathogen’s susceptibility to the drug in
use is regarded as fundamental knowledge. This
study was therefore initiated to examine the
Minimum Inhibitory Concentrations (MICs) of FFfor
Vibrio strains isolated from diseased black tiger
shrimps in Thai culture facilities. The possible
antagonizing effect of sea water on the compound
was also evaluated to assessiit's therapeutic use in a
marine environment. Besidesthe study on FF, thein
vitro efficacy of CAP was evaluated and compared.
Although CAP is a potent antimicrobial against
Vibriosis in humans and animals, the drug is
prohibited in food-producing animals due to its
potential toxicity to humans (Prescott and Baggot,
1994). A replacement for this drug is needed for
food—producing animals. As FF is a synthetically
produced antibacterial that has been specifically
developed for veterinary use, the present study
was designed to examine it's use as a replacement
for CAPin shrimp culture.

Materials and Methods
Antivibrio activity-Minimum Inhibitory Concen-
tration (MIC)
The procedures described here are in
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accordance with the international recommendations
provided by the National Committee of Clinical
Laboratory Standards (NCCLS). Mueller Hinton
Agar (MHA) containing 1% NaCl plates, with seria
two dilutionswith the two antimicrobial agents, were
inocul ated with a standardized inoculum of the test
strains (107 Colony Forming Unit, CFU/ml). Usinga
standard multipoint inoculator (NCCLS), bacteriafrom
mature cell cultures were allocated at approximately
10* CFU/spot on the surface of the MHA. After
18-20 hr incubation, the MIC was recorded as the
lowest concentration of antimicrobial with novisible
growth of bacteria. Quality control and purity
control of the methods were regularly performed for
each test. Additional tests on Meuller Hinton Agar,
dissolvedin seawater (5 ppt salinity), were performed
to evaluate any possible effects of components in
the seawater that might affect the antivibrio activity
of FF.

Bacterial strains

Test strains:  Vibrio isolates derived from clinical
cases of diseased shrimps were obtained from the
culture collection of the Department of Medicine,
Faculty of Veterinary Science, Chulalongkorn
University, Thailand. The collection has culture
specimens from disease cases occurring between
2001 and 2004, mainly from the western
and southern parts of Thailand. Previously, the
identification of the isolates was performed by using
conventional biochemical methods described in
either the FDA Bacteriological Manual (Elliot et al.
1992) or the API system (BioMerieux, France).
One hundred and two Vibrio strains isolated from
the hepatopancreas of the diseased shrimps were 7
V. alginolyticus, 14 V. cholerae, 14 V. damsela, 27
V. fluvialis, 30 V. parahaemolyticus and 10 V.
vulnificus strainsthat were used. All bacteriastrains
were stored in maintenance broth containing 40%
glycerol, at -70°C. Before each experiment for the
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MIC wascarried out, the stored bacterial strainswere
transferred to Tryptic Soy Agar (TSA, Difco
Laboratories, USA) supplemented with 1% NaCl.
After incubation at 22°C for 18 hr, the inocula
were transferred to Tryptic Soy Broth supplemented
with 1% NaCl and the cell density was adjusted to
McFarland standard 0.5 or approximately 108 CFU/
ml. The inocula were then diluted ten-fold in
sterile normal saline, giving a final cell density of
approximately 10’ CFU/m.

Quality control strains: Additional bacterial
organisms were obtained from the American Type
Culture Collection for use as quality controls:
Escherichia coli ATCC 25922, Saphylococcus
aureus ATCC 25923 and Vibrio parahemolyticus
ATCC 17802

Antimicrobial agents

The antimicrobials that were tested were
Florfenicol (FF) (Takeda Chemical Ind., Ltd.,
Japan) and Chloramphenicol (CAP) (Sigma
Chemical Co., USA.). A seria two-fold dilution of
antimicrobials dissolved in absolute methanol was
processed with distilled water as suggested by
NCCLS, giving a series of tested concentrations
from 3210 0.5 ug/ml.

Quantitative analysis of Florfenicol-amine (FFA)
Shrimp experiment

Black tiger shrimps Penaeus monodon
(14.5+1.0 g) were acclimatired in different aquaria
(n=18/ 90 L aquarium) for 14 d. Water quality
parameters were maintained at a total ammonia
nitrogen concentration of < 1.0 mg/L; nitrite nitrogen
< 0.1 mg/L; temperature 27-28°C; pH 7.5-8.5;
30 ppt sdinity and dissolved oxygen 7-8 ul/L. Shrimps
were fed 3 times daily (5 am, 1 pm and 9 pm)
with food amamting yo 2.5% of their body weight.
The Florfenicol-medicated pellets were prepared by
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manually mixing of 0.8 g FF per kilogram of feed.
The pellets were coated with fish oil and allowed to
dry before use. The hepatopancreas and the muscle
(middle segment) of the shrimp were sampled at
05,1, 2, 4,85, 12, 16.5 and 24 hours and every
24 hours thereafter, following the initial medicated
feed, and 1, 3, 5, 7, 9 days after the 5-day treatment.
Five shrimps were randomly pooled for each sample
and 2 samples (2x5 shrimps) were analyzed to obtain
the mean concentrations. Tissue sampleswere stored
at -70'C until analysis.

Analysis of shrimp tissues

The concentration of Florfenicol-amine (FFA)
in the shrimp tissue was analyzed by High-
Performance Liquid Chromatography (HPLC) as
previoudly reported by Wrzesinski et al. (2003). The
chromatographic system was Shimadzu HPLC LC10
with an ultraviolet-visible detector SPD-10A (A 220
nm). The chromatographic column was a 250 mm x
4.6 mm column packed with Zorbax (C8, 5 um
particles) and 12.5 mmx 4.6 mm guard columns. The
mobile phase consisted of 10 mM potassium
phosphate (pH 4.0) and 100% acetonitrile, which was
pumped at a flow rate of 1.0 pl/min. The analyses
were performed at 25°C.

Results

Thevauesof theMICsof FFand CAP against
102 Vibrioisolates associated with the diseased black
tiger shrimp are presented in Table 1. The MIC_
and MIC,, were the minimum concentrations of
antimicrobialsrequired to inhibit 50% and 90% of the
isolates tested. The data showed that both FF and
CAPwere effective against the Vibrio isolates being
tested (MIC,,, 1 ug/ml). However, FF had a better
overall MIC range than did CAP and moderate
differences in MIC values were noticed between
strains tested on MHA dissolved in distilled water,

with 1% NaCl added and MHA dissolved in sea
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Figurel Frequenciesof Minimum Inhibitory Concentrations (MICs) observed for FF and CAP.

water. Thetest on MHA dissolved in distilled water,
with added 1% NaCl, showed a MIC range of
0.5-2 ug/ml for FF while the CAP MIC range was
0.5-8 ug/ml. The MIC range observed with atest on
MHA dissolved in seawater for FF was 0.5-4 ug/ml,
amore narrow MICs than CAP (0.5-8 ug /ml). The
frequencies of MICs observed for both compounds
indicated that the distribution of isolates with
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different MIC values was towards the right (i.e.
higher value) due to the addition of seawater to the
test medium (Fig. 1). The MIC distribution figures
also correlated with the estimated val ues of M1C 50%
and MIC 90% with both compounds showing a
similar value at M1C 50%, but an increasing value at
MIC 90% in the sea water test.
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Table1 Minimum Inhibitory Concentrations (MICs, ug/ml) of antimicrobialsagainst 102 Vibrio isolates associated with

shrimp disease”.
. . MICs5, MICyy MIC range
Antimicrobials DW SW° DW© SW© DW P SW©
Florfenicol 1 1 | 2 0.5-2 0.5-4
Chloramphenicol 1 1 2 4 0.5-8 0.5-8

2 Datawas analysed by using WHONET 5 Laboratory Database Software. Geneva
b Tests were established on Mueller Hinton Agar dissolved in distilled water with added 1% NaCl.
¢ Tests were established on Mueller Hinton Agar dissolved in seawater (5 ppt salinity).

Concentrations of Florfenicol-amine (FFA) in
the hepatopancreas and muscletissue of shrimpsgiven
0.8 g FF/kg feed daily, and feeding at 2.5% of
body weight daily for 5 days, are shown in Fig. 2.
Within 24 hour of medicated feeding, the mean
peak concentration of FFA showed a maximum
concentration (C__) in the hepatopancreas of 0.7
ug/g tissue, and was observed at 1 hour later (T, _);
The C_, in muscle was 0.05 ug/g tissue, and was
found 4 hours after theinitial medication. Mean peak
concentrations every 24 hours during the 5 day

0.8
0.7 .
0.6 .

0.5 .

0.4

FFA concentration, pg /ml

0.3 .

0.1 .

treatment were 0.54+0.04 ug/g in the hepatopancreas
and 0.15+0.02 pg/g in the muscle, suggesting that
the dosage sustained relatively consistent FF
concentrations in both tissues. However, a mean
concentration comparable to an in vitro MIC_; (1
ug/ml) was not achieved in either tissue. FFA was
found in both tissues on the fifth day following the
cessation of feeding medication (0.23 pg/g in the
hepatopancreas and 0.04 ug/g in the muscle), the
residue had lessthan detectable limits (0.01 ug/g) by
the seventh day.

Time, hr

Figure 2 Florfenicol-amine (FFA) concentration analyzed in the hepatopancreas (HP) and the muscle (M)
of shrimps after feeding the medication (0.8g FF/kg feed). The daily feeding regimen was 2.5% of the body
weight daily subdivided 3 times, every 8 hours. (—) The first day of administration; (-« ) the second day

of administration.
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Discussion

The results of FF MIC testing from this
investigation are within the range reported from a
screening of MIC on 9 Vibrio isolates from diseased
shrimps studied by Mohney et al. (1992), who
obtained values of 0.5-4 ug/ml. However, the MIC
values of FF against the pathogenic fish vibrio V.
anguillarum presented a narrow range of 0.4-0.8
ug/ml (Fukui et al., 1987) and 0.2-0.8 pg/ml (Zhao et
al., 1992). When a medium based on sea water was
used inthisstudy, the MIC range of FF, for the same
strains, extended from0.5-2 pg/ml to 0.5-4 ug/ml,
indicating moderately reduced antibacterial activity
when FF was dissolved in sea water. No effect of
sea water was observed on the MIC range of CAP
in the same study. The changesin MIC valuesdueto
the addition of sea water to the medium have been
reported for severa antimicrobial agents, resulting
in implications for MIC testing (Lunestad and
Samuelsen, 2001). Our observation that CAP and
FF did not show a significant increase in MIC
values when tested on sea water based medium,
compared to 1% NaCl supplemented medium, is
similar to the finding of Torkildsen et al. (2000).
The minimal influence of sea water components
on antimicrobial activity is necessary for optimal
therapeutic procedures, particularly when the
compound is used in a marine environment.

The ora dosage used in the study was based
on the MIC testing results. The oral administration
of adiet containing 0.8 g FF/kg feed, and 2.5% body
weight daily intake, would allow an approximate
intake of 20 ug FF/g body weight, corresponding to
10 times the MIC,, of 2 ug/ml. Shojaee AliAbadi
and Lees (2000) suggested that the optimal dosage
regimen for a bacteriostatic drug, should maintain
concentrations at the site of infection, in excess
of MIC,,, for the entire medication period. We
guantified the concentration of FF in shrimp tissues
using the method described by Wrzesinski et al.

) o
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(2003). The guantifying procedure included acid
hydrolysis to convert FF and its known metabolites
to FFA. Pharmacokinetic studies of FF have been
reported in many fish species, and generally plasma
concentrations have been used to describe drug
bioavailability infish (Samuelsen et d., 2003; Yanong
and Curtis, 2005). The concentration of FFin shrimp
haemolymph was not determined in this study,
because shrimp haemolymph clots effectively and the
application of anticoagulant has been shown to
interfere with the analytical results (unpublished
data). The hepatopancreas is a major metabolic
organ in shrimps, located in the cephalothorax
region and exposed to haemolymph in the body
cavity. Because of itsphysiological character and as
itisthetarget sitefor shrimp Vibrios's, thetotal amount
of FF, expressed as FFA, was quantified in the
hepatopancreas rather than the haemolymph.

In the present study it appeared that FF was
rapidly absorbed and that FFA in the hepatopancreas
was found within an hour of the initial medication
and sustained at 0.5-0.6 ug/g throughout
the medication period. Despite rather stable
concentrationsin the hepatopancreas, concentrations
were lower than the MIC value of 2.0 ug/ml. The
lower bioavailability observed in this study may be
attributable to loss of the drug when in solution,
after feed is placed in the aguarium. Analysis of
dissolution studies on feed samplesin vitro, showed
that about 30% of FF sprayed onto feed was lost in
the water 15 min after immersion at 30°C (data not
shown). Lossesof compoundsthrough leaching have
been acknowledged in many studies, particularly
when the compound was sprayed on to feed or
top-dressed (Yanong and Curtis, 2005). Medicated
feeds with the medication mixed in during feed
preparation, are recommended for greater stability,
than top-dressed feeds. The use of drugs possessing
high bioavailability should be considered to minimize
leaching and any environment impact.
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In conclusion, the MIC data obtained in this
study suggests that black tiger shrimp vibirio
pathogens are susceptible to FF and CAP. Due to
the haemotoxic effect of CAP in humans, the use of
CAPin veterinary medicineisrestricted to non-food
use. Despite the potentially serious effects that
improper use could have on human health, the use of
CAP continuesto be reported as atreatment drug of
choice within the international shrimp culture
community. The present study suggests a modified
analogue of CAP, FF, isan alternative antimicrobial
for penaeid shrimp culture. The absorption of FF
following administration of FFtop-dressed pelletswas
fairly rapid. Theconcentrationin the hepatopancreas,
0.7 pg/g (C_ ), occurred 1 hour (T__) after
administration. However inadequate concentrations
of FFA in the hepatopancreas, associated with losses
of the compound through leaching, necessitates
further studies to ascertain the best concentration
level. The dosing regimens with FF properly
incorporated into feed should be confirmed
before any recommendation can be made for the
prophylactic or therapeutic treatment of shrimp
Vibriosiswith thiscompound.
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