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ABSTRACT 

Select antibacterials were evaluated for their potential 

as shrimp aquaculture drugs. Difloxacin and sarafloxacin were 

evaluated for palatability, toxicity, and residues with 

respect to shrimp, after 15 days of feeding medicated diets. 

The pharmacokinetics and bioavailabilities of 

sulphadimethoxine (SDM) and ormetoprim (OMP) were also 

established for shrimp. 

Reductions (p<O.OS) in difloxacin feed palatability were 

noted as a function of dose. Total survival and mean survival 

time (p<O.OS) decreased as a function of dose. Signs of 

animal stress, i.e., lethargic behavior, was also noted in the 

highest dose group. Shrimp tissue levels of difloxacin were 

inconclusive and not readily determined with the current 

analytical methods for the drug in shrimp. However, 

indications were that elimination may be rapid, i.e., tissue 

tl/2 of 11.4 h with peak tissue levels following a standard 

dose response. 

Feed palatability was reduced (p<O.OS) as a function of 

sarafloxacin dose. Lower weight gains in the higher dose 

groups were also noted. Neither the total survival nor the 

mean survival time (p<O. 05) were affected by sarafloxacin 

dose. Feed Conversion Ratio's increased with dose, indicating 

possible subchronic toxicity. Sarafloxacin elimination was 
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rapid, with a tissue t1/2 of 13.4 h and tissue levels 

decreased to below detectable limits by day 14 of withdrawal 

in all treatments. Peak tissue levels followed a standard 

dose response. 

The hemolymph concentrations verses time data for both 

SOM and OMP were fitted well by two compartment models. The 

SOM:OMP parameter estimates of CLs, Vss, and terminal phase 

t1/2 were 194:2045 ml/kg*h, 1735:25,442 ml/kg, and 6.9:11.5 h, 

respectively. Plasma protein binding of SOM and OMP was 5.2% 

and 12.1%, respectively. The bioavailabilities of SOM:OMP 

were 30:38%. Peak hemolymph concentration (Cmax) and time 

(Tmax) of SOM post a single oral dose (210 mg/kg) was 14 ug/ml 

at 4 h, while OMP (42 mg/kg) Cmax and Tmax was 0.45 ug/ml at 

o • 67 h. The amount of the available oral dose 2 h post 

administration of SOM:OMP in the hemolymph, muscle, and 

hepatopancreas were 6.0:0.5%, 9.3:2.8%, and 2.9:20.2%, 

respectively, • Hemolymph and muscle tissue levels were below 

detectable limits post 48h for SDM and 24 h for OMP. 
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INTRODUCTION 
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The demand for seafood products, i.e. shrimp, continues 

to increase every year. However, the supply of seafood from 

the ocean has been believed for some time to be very close to 

the point of maximum sustainable yield (MSY) (Roedel, 1973). 

A figure of 100 million metric tons (MT) per year has long 

been accepted as the MSY of our oceans. Some believe a more 

liberal figure of 150 million MT to be more accurate. 

Regardless, the fact remains that the yearly rate of increase 

of fishery landings continues to decline (U.S. Office of 

Aquaculture, 1986). Also, by 1987 the world fisheries 

landings had reached a level of 93 million MT (FAa, 1989). As 

a result of these factors, an increasing amount of the 

seafoods consumed will be supplied via the aquaculture 

industry. The world aquaculture production of fish in 1985 

was 10.6 million MT and rose to 13.2 MT by 1987 (FAa, 1989). 

It has been estimated that by the year 2000, as much as 32 

million MT of aquacultured fish will be produced, thereby 

accounting for approximately 25% of the world's fishery 

production. 

Similar trends in production are true for the shrimp 

aquaculture industry. The world aquaculture production of 

penaeid shrimp was 265,000 metric tons (MT) in 1985 and rose 
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to 310,00 MT in 1986 (Nash, 1988). In 1983 approximately 7% 

of the world's shrimp were produced via the aquaculture 

industry whereby 1991 approximately 28% of the world's shrimp 

were aquacultured (Rosenberry, 1991, 1992: FAO, 1989). 

Estimates are that by 1995 approximately 50% of the world's 

shrimp production will be from the aquaculture industry 

(Rosenberry, 1990). 

The production of aquacultured shrimp is currently 

dominated by the Far East. In 1989 China led the world in 

aquacu1tured shrimp production, accounting for approximately 

30% of the 1989 crop. Both Indonesia and Thailand produced 

approximately 16% of that same year's crop. However, in 1991 

Thailand became the largest producer of aquacultured shrimp 

followed by China, producing 150,000 and 140,000 MT, 

respectively (Rosenberry, 1992). The dominant species 

produced in these regions are Penaeus monodon (giant tiger 

prawn) and Penaeus chinensis (Chinese white shrimp) (Asia

Wide, 1989). In the Western Hemisphere shrimp production is 

centered primarily in Central and South America. Ecuador is 

the largest shrimp producer in this region, accounting for 

approximately 8% of world's production. However, this amount 

is expected to rise due to its close proximity to the United 

States (NOAA, 1988). In this region the preferred species is 

Penaeus vannamei (western white shrimp) with some small 
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production of Penaeus stylirostris (the Pacific blue shrimp) 

(Asia-Wide, 1989). 

Currently, the United States is a relatively minor 

producer of aquacultured fish, accounting for only 3.3% of the 

world's production. The U.S. production of shrimp is even 

less, as compared to world production, accounting for less 

than 0.1% (Rosenberry, 1991). However, this tiny domestic 

aquaculture industry has grown substantially in the last 20 

years. An illustration of this is the domestic shrimp culture 

industry, which has grown from nothing in 1980 to producing 

approximately 455, 1600, and 2000 MT in 1987, 1990, and 1991, 

respectively (Rosenberry, 1988, 1991, 1992). 

The U.s. is the second largest importer of seafoods in 

the world, led only by Japan. The U.S. consumes in excess of 

11% of the total world production of shrimp (FAO,1989). The 

seemingly insatiable U. S. demand for certain preferred species 

such as shrimp, an importer of over 92,000 MT of shrimp in the 

first half of 1987 alone (Weidner, 1987), continues to spur on 

the domestic aquaculture industry. However, domestic farmers 

must compete with foreign producers which have lower labor and 

operating costs as well as longer growing seasons. This means 

that in order to compete, domestic farmers must become more 

efficient, i.e. use more intensive farming techniques. As the 

aquacul ture industry expands and becomes increasingly 

competitive, the use of more intensive farming techniques is 
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inevitable. Paralleling the use of intensive farming is the 

increased occurrence of disease problems in aquacul tured fish. 

This is a direct result of the higher stocking densities used 

in intensive farming techniques, making stress initiated 

disease more common while also making rapid infectious disease 

transmission relatively easy. Therefore, fish and shrimp 

culturists must rely on good management practices and the 

availability of approved chemotherapeutants which can be used 

to combat these unavoidable problems. 



The 

CHAPTER 2 

LITERATURE REVIEW 

Invertebrate Immunity 

immune system of invertebrates 

sophisticated as that of the vertebrates. 
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is not as 

Invertebrates 

probably do not require as complex a system as compared to the 

vertebrate forms due to their higher reproductive capacities, 

shorter life-spans, and simplified anatomical make-ups (Boyd, 

1984). Invertebrates protect themselves essentially via three 

mechanisms: 1) phagocytosis; 2) encapsulation; and 3) non

specific humoral substances (Sminia and van der Knapp, 1987; 

Soderhall, 1986) ) • Sindermann (1990b, 1970) further 

categorizes these as: 1) phagocytosis (i. e. , removal of 

foreign particles either by digestion or transport across 

epithelial surfaces); 2) leucocytosis or leucocytic 

infiltration (i.e., mobilization of hemocyte cells into the 

hemolymph and their migration toward sites of injury); 3) 

thrombosis (i.e., clotting, cellular or acellular, to close 

gaps in the vascular system and immobilize the invading 

microorganisms); and 4) encapsulation (i.e., envelopment of 

large particles of foreign matter by layers of fibroblast-like 

cells). The humoral responses of invertebrates are actually 

cases of cellular responses where secretions have a 

deleterious effect (i. e., bacteriostatic, lytic, cytotoxic) to 
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invading microorganism (Soderhall et al., 1985; Sindermann, 

1990b, 1970; Stauber, 1961). 

All animals, including invertebrates, are able to 

distinguish self from non-self. The mechanism for this is 

largely unknown. One potential candidate for a "recognition 

system" in crustaceans in the prophenoloxidase (proPO) system 

(Soderhall, 1982; Ratcliffe, 1985). This, "complex protein 

cascade system", is contained in the hemocytes and generally 

localized in granular cells. The "protein cascade" is 

released from the semigranular hemocyte by exocytosis when 

challenged with lipopolysaccharides, thus becoming humoral in 

response to a foreign intruder that has these antigens on 

their surfaces, i.e., Gram-negative bacteria or fungi 

(Johansson and Soderhall, 1985; Goldenberg et al., 1984). 

Persson et ale (1986) also demonstrated, using in vitro 

studies, that the semigranular hemocyte in crayfish blood that 

was responsible for the "recognition" of foreign particles was 

also solely engaged in encapsulation. 

The proPO-system has also been suggested to be a cell to 

cell communication system (Soderhall, 1986). The ability for 

cell to cell communication among various crustacean hemocytes 

has long been accepted (Ratcliffe and Gagen, 1977). However, 

the biochemical pathways by which this is accomplished are not 

known in their entirety. Several systems have been described 

including the proPO-system (Soderhall, 1986). The release of 
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the proPO-system activates a "degranulation" factor which 

further induces other granular and semigranular cells to 

undergo exocytosis and thus amplify the activation of the 

proPO-system (Soderhall, 1986). Other compounds are generated 

upon the activation of the proPO-system and include opsonin

like substances (Soderhall et aI, 1986) and a cell adhesion 

protein (Johansson and Soderhall, 1986). 

The terms of hemocyte, phagocyte, leukocyte, and 

amoebocyte have been used almost interchangeably in 

invertebrates (Provenzano, 1983; Sindermann, 1990b, 1970; 

Farley, 1968). Farley (1968) suggested that the general term 

of "hemocyte" might be more appropriate. However, he also 

pointed out that invertebrates generally have two basic types 

of hemocyte cells: 1) small agranular nonphagocytic cells 

which he termed "hyaline hemocytes", and 2) larger granular 

phagocytic cells "phagocytic hemocytes." 

As early as 1893, the importance of phagocytosis has been 

stressed as an invertebrate defense process (Metchnikoff, 

1893; 1905; Hirsh, 1959). Bang (1961) illustrated the process 

of phagocytosis in oysters and found that the invading 

bacteria adhered to the hemocyte prior to phagocytosis, 

presumably due to the entanglement of the bacterial flagella 

by the pseudopodia. Phagocytosis of bacteria in crustaceans 

has also been demonstrated in the shore crab (Carcinus maenus) 

(Smith and Ratcliffe, 1980) and the ridgeback prawn (Sicyonia 
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ingentis) (Hose and Martin, 1989). Leucocytosis, 

characterized by the mobilization or temporary increase in 

phagocytic numbers in the hemolymph, was described in the 

oyster by Feng (1965), while the infiltration of these 

phagocytes to an injured area, (i.e., inflammation), was 

demonstrated by Bang (1961) • The mobilization and 

infiltration of hemocytes to an area of injury is also a vital 

defense mechanism in crustaceans (Sindermann, 199b; Solangi 

and Lightner, 1976). Phagocytic hemocytes will also 

encapsulate foreign particles they are either unable or to 

large to digest (Sindermann, 1990b, 1970). Encapsulation has 

been demonstrated in several crustaceans including the 

crayfish (Astacus astacus) (Persson et aI, 1986), the 

ridgeback prawn (Sicyonia ingentis) (Hose and Martin, 1989), 

and the pacific white shrimp (Penaeus vannamei) (Krol et al., 

1989). Thrombosis or clot formation by hemocytes has been 

demonstrated to be of significant importance in invertebrate 

defense (Durliat, 1985; Provenzano, 1983; Sindermann, 1990b, 

1970; Soderhall, 1982). These clots can be either cellular, 

where the cells themselves participate in the clot, or 

acellular, where secretions or injury products from phagocytes 

act with plasma components to form clots (Durliat, 1985; Cohen 

et al., 1983). Clotting at a site of injury, both cellular 

and acellular, will immobilize invading bacteria and thus halt 

their spreading throughout the host. This phenomenon has been 
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demonstrated in many invertebrates including the horseshoe 

crab (Limulus) (Cohen et al., 1979; Levin and Bang, 1964) and 

the barnacle (Sacculina carcini) (Barker and Bang, 1966). 

Crustaceans contain within their body fluids antibody

like nonspecific substances such as agglutinins, lysins, 

opsonin-like molecules, and various other antimicrobial 

factors (Soderhall et al., 1986; Provenzano, 1983; Boyd, 1984; 

Sindermann, 1990b, 1970). Many of these substances are 

compounds of innate protective mechanisms that, although 

contained wi thin the serum, may actually be cellular in 

origin. In crustaceans, many of these internal defense 

mechanisms against bacteria have been illustrated (Sindermann, 

1990; Goldenberg and Greenberg, 1983; Provenzano, 1983). 

Researchers have demonstrated many of the these 

mechanisms in the American lobster, Homerus americanus 

(Cornick and Stewart, 1966; 1968a,b; Stewart et aI, 1966a,b; 

1967; Stewart and Dingle, 1968). Active phagocytosis occurred 

when the American lobster was exposed to the pathogenic 

bacterium, Gaffkya homeri. However, it was noted that the 

pathogens were not destroyed within the phagocyte. Lobsters 

with chronic infections of this pathogen were found to have 

areas of encapsulation characterized by melanized nodules of 

clumped hemocytes filled with the pathogenic bacteria. 

Lobster serum was demonstrated to have bactericidal activity 

against a variety of bacterial pathogens but actually served 
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to promote Ga££kya homeri growth. The American lobster was 

also found to contain natural agglutinins that were active 

against several genera of bacteria, but which showed no 

activity against Ga££kya homeri. All of these factors 

provided an explanation for the extreme susceptibility that 

the American lobster shows to Ga££kya homeri infection. In 

contrast, the rock crab (Cancer irroratus) was demonstrated to 

possess agglutinins for Ga££kya sp. that were considered to be 

in part responsible for the reduced virulence of this pathogen 

in the rock crab (Cornick and stewart, 1968b). 

The vertebrate-type immune response, where specific 

antibodies are produced for a specific antigen, does not occur 

in crustaceans. Therefore the question whether or not 

crustaceans possess acquired immunity is a controversial one. 

Several researchers have used bacteriophages and the ability 

or inability of an animal to clear that bacteriophage from its 

system as an indicator of an immunological response. Teague 

and Friou (1964) found no evidence of phage clearance and thus 

no immunological response in the crayfish (Cambaris virulus) 

while Taylor et al. (1964) reported secondary phage clearance 

in the shore crab (Carcinus maenas). Evans et al ( 1968) 

demonstrated an induced bactericidin in the spiny lobster 

following an inoculation with formalin-killed bacteria. Early 

studies with the American lobster, Homarus americanus, showed 

that these animals were unable to increase resistance to the 
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pathogen Gaffkya homeri following the inoculation of heat

killed organism (Rabin, 1965). However, more recent reports 

by stewart and Zwicker (1974) suggest that the American 

lobster may be successfully protected from the bacterial 

disease. In 1980, a patent was granted for a vaccine for the 

control of gaffkemia in lobsters (Rittenburg and Bayer, 1980). 

Conflicting studies have also been reported on the 

success of vaccines for shrimp. Lewis and Lawrence (1983) 

reported increased agglutinin levels in penaeid shrimp 

following vaccination with a Vibrio alginolyticus bacte:I:'in. 

The enhancement of growth by tiger shrimp has also been 

reported following administration of a Vibrio vulnificus 

bacterin (Sung et al., 1991; Song and Sung, 1990). In contrast 

Huang et ale (1981) found no increase in Malaysian prawn serum 

agglutinin levels following treatment identical to that 

performed by Lewis and Lawrence (1983). Bell et ale (1986) 

also found no increased resistance to infection by penaeid 

shrimp vaccinated with a Vibrio anguillarum bacterin. 

In general, phagocytosis and agglutination are the major 

mechanisms of internal defense in crustaceans (Sindermann, 

1990; Gupta, 1986). However, crustaceans possess many other 

mechanisms to fend off invading pathogens. Some of the 

humoral defenses in crustaceans appear to be acquired. 

However, this topic is still controversial and if any acquired 

immunity is possible, these examples are species specific. 
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Antimicrobials and Their Use 

Paul Ehrlich, a pupil of Robert Koch, is credited with 

the development of modern chemotherapy (Prescott and Baggot, 

1988) • The first clinically successful group of broad

spectrum antibacterial agents were the sulfonamides which were 

produced in Germany in 1935. However, it was the discovery 

and development of penicillin during the Second World War that 

led to the antibiotic revolution. 

Antibacterials are compounds that interfere with the 

structural or biochemical functions of bacteria. These agents 

can be either synthetic (i.e., sulfonamides) or of microbial 

origin (i.e., penicillins). In practice, when they are from 

microbial origin they are referred to as antibiotics. The 

broader term, antibacterial, includes any substance of 

natural, synthetic, or semi-synthetic origin that kills or 

inhibits the growth of bacteria. It is often used 

interchangeably with antibiotic. Antibacterials may be either 

bacteriostatic or bactericidal in nature. This distinction is 

only an approximation since it depends both on the drug 

concentration and the organism involved (Garrod et al., 1981). 

If a compound's action is bacteriostatic, it is supposed that 

the bacteria are not actually killed by the drug. Instead, 

bacteriostatic compounds interfere with the bacterial cell's 

abili ty to divide or reproduce, thus allowing the host' s 
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natural defenses to recuperate and eliminate the invading 

microorganism. In contrast, compounds identified as 

bacteriocidal chemically attack the bacterial cell, thus 

actively killing it. 

The mechanisms by which antibacterials work are often 

complicated and have been slow in becoming understood. 

However, many of these processes have been elucidated (Yao and 

Moellering, 1990; Prescott and Baggot, 1988; Garrod et al., 

1981; Gale et al., 1972; Franklin and Snow, 1975; Corcoran and 

Hahn, 1975). In general, antibacterials may be divided into 

four groups based on their mode of action. The areas that 

antibacterials effect bacteria include: (1)the cell wall; 

(2)the cell membrane; (3)protein synthesis; and (4)nucleic 

acids. 

The cell wall is a major characteristic that 

distinguishes bacterial cells from animal cells. It is the 

tough, thick exterior which gives the bacteria both its shape 

and its extraordinary resistance to osmotic damage. Since 

this structure has no counterpart in animal cells any 

substance which would interfere with its construction would 

have little effect on the animal host (Garrod et al., 1981). 

A group of antibacterials which affect the cell wall are the 

B-Iactams which include the penicillins and cephalosporins 

(Yao and Moellering, 1990; Prescott and Baggot, 1988). The 

cell walls of Gram-positive bacteria are primarily composed of 
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On the other hand, the cell walls of Gram-

negative bacteria largely consist of both mucopeptides and 

lipoproteins. The steps by which the mucopeptide portion of 

bacterial cell wall is synthesized differs among species; 

however, the sequence of events follows a similar general 

pattern in most (Garrod et al., 1981). By disrupting the 

proper construction of the cell wall during cell division it 

does not form properly (Yao, and Moellering, 1990; Garrod et 

al.; Tipper, 1979; Allen et al., 1978; Frere, 1977; 

Kolloni tsch et al., 1973). As a result of the improper 

formation of the cell wall the bacterial cell swells and 

eventually bursts due to the excessive internal pressures 

(Herwig, 1979). Thus, this group of antibacterials are 

bactericidal. The points of cell wall synthesis interruption 

of several antibiotics are illustrated in Figure 2.1. 

Beneath the cell wall is a lipoprotein layer known as the 

cell membrane. It is the bacterial cell membrane that the 

second group of antibacterials acts upon. Some of the 

antibacterials in this group include polymyxin B, colistin, 

vancomycin, and bacitracin (Yao and Moellering, 1990; Prescott 

and Baggot, 1988). The bacterial cell membrane primarily 

functions to control the movement of substances into and out 

of the cell. The cell membrane in both bacterial and animal 

cells serves very much the same function. Therefore, this 

second group of antibacterials does not have as great a margin 
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of safety as those which affect only the cell wall. Many of 

these drugs may produce toxic reactions, as a result of their 

relatively low margin of safety, including kidney and nerve 

damage in fish if overdosed (Herwig, 1979). By disrupting the 

bacterial cell's ability to control vital functions, such as 

transporting nutrients into the cell and waste products out of 

the cell, this group of antibacterials produce a bactericidal 

effect (Presscot and Baggot, 1988; Garrod et al., 1981). 

Inhibition of protein synthesis is the mode of action of 

the third group of antibacterials. Drugs in this group 

include chloramphenicol, kanamycin, lincomycin, the macrolide 

group (i.e., erythromycin), neomycin, and the tetracyclines 

(Yao and Moellering, 1990); Prescott and Baggot, 1988). 

Inhibition of protein synthesis is a broad classification. 

Therefore depending on the route of action of the specific 

drug, there are both bacteriostatic and bacteriocidal 

compounds in this group. Tetracyclines interrupt the protein 

synthesis cycle at the point where amino-acids are carried to 

the ribosomes, while chloramphenicol interrupts the addition 

of the amino-acid to the growing peptide chain on the ribosome 

(Yao and Moellering, 1990; Prescott and Baggot, 1988; Garrod 

et al., 1981; Teraoka, 1970). Both of these compounds are 

bacteriostatic in nature. In contrast, drugs like 

erythromycin and lincomycin affect the translocation step in 

the protein synthesis cycle (Yao and Moellering, 1990; 
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It has been noted that agents 

which affect translocation are frequently bacteriocidal in 

activity (Garrod et aI, 1981). 

The fourth group of antibacterials are those which 

interfere with nucleic acid metabolism. The routes of 

activity in this group include inhibition of DNA replication, 

inhibition of RNA transcription, and the inhibition of 

intermediary steps of nucleic acid synthesis. Quinolones 

( i. e., nalidixic and oxolinic acids) and fluoroquinolones 

(i.e., norfloxacin and ciprofloxacin) are two groups of drugs 

which are examples of compounds which act directly on DNA. In 

general, they inhibit DNA synthesis by their effect on the A 

subunit of DNA-gyrase (Yoa and Moelering, 1990; Prescott and 

Baggot, 1988; Wood and Logan, 1986; Hooper and Wolfson, 1985; 

Wolfson and Hooper, 1985). Nitrofurans and nitroimidazoles 

act on directly on bacterial DNA by causing breakage of the 

actual DNA strands (Prescott and Baggot, 1988). In contrast, 

rifamycins act directly on RNA synthesis by inhibiting 

bacterial RNA polymerase, the enzyme concerned with the 

transcription of RNA (Garrod et aI, 1981; Poutrel, 1978; Lill 

et al., 1970). Finally, the sulfonamides illustrate how an 

intermediate step of nucleic acid synthesis may be 

interrupted. Folinic acid is an essential ingredient in the 

synthesis of nucleotides. Bacteria synthesize this ingredient 

from para-amino benzoic acid. In effect the sulfonamides 
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inhibit the production of folinic acid and thus interfere with 

the synthesis of nucleotides (Yoa and Moellering, 1990; 

Prescott and Baggot, 1988). Interestingly, the drug 

trimethoprim also inhibits the production of folinic acid (Yao 

and Moellering, 1990; Prescott and Baggot, 1988). However, it 

does so at a different step in the metabolic pathway (Figure 

2.2). Thus, a simultaneous treatment with a sulfonamide and 

trimethoprim sequentially effect the same pathway resulting in 

a 10-fold increase in activity (Garrod et al., 1981). 

There are many factors which must be considered prior to 

the use of antibacterials in the treatment of bacterial 

disease. The first step in the treatment process is the 

clinical diagnosis of disease with an implication that the 

cause is a particular microorganism (Amsterdam et al., 1990). 

Clinical diagnosis should be accompanied by bacteriological 

diagnosis since treatment is targeted at the microorganism and 

not the disease (Isenberg et al., 1990). Often a definitive 

bacterial diagnosis is not enough. The susceptibility of many 

bacterial species to antibacterials is predictable. However, 

for other species the susceptibility to a particular 

antibiotic must be tested and a minimum inhibitory 

concentration (MIC) determined (Thornsberry, 1990). There are 

two general methods for testing bacterial susceptibility to an 

antibiotic which include the "dilution" and the "agar disk 

diffusion" tests (Sahm and Washington, 1990; Barry and 
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Thornsberry, 1990; Liba1, 1985; Barry, 1976). Ideally, once 

all of these steps have been completed and an effective drug 

is chosen that will be safe for the animals to be treated, 

therl L.t:eatment may begin. 

In aquatic species (i.e., finfish and crustaceans), the 

fundamental principles of antibacterial therapy are the same 

as those for other animals. However, the nature of their 

water habitat introduces 

most important of these 

administration. Among 

some special considerations. The 

considerations is the method of 

these are topical applications, 

injections, baths, and oral administrations. 

Topical drug application to an infected lesion is the 

simplest and most direct method. However, unless animals are 

few in number and high in value, this is not an economically 

feasible method because of the time and effort involved. 

The injection of aquatic animals is another a method that 

involves a considerable amount of time and effort in the 

handling of individual animals. A decision on the type of 

injection (i.e., intravenous, intramuscular), the injection 

site and the resulting absorption efficiency must be made 

(Marshall and Palmer, 1980). For this reason it is also 

usually reserved for situations where small numbers of 

valuable animals are involved. 

In baths applications, the antibacterial is added 

directly to the culture system water. This is an effective 
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method whether treating one animal in an aquarium or an entire 

population of finfish or crustaceans. The bath is well suited 

for commercial aquaculture farms where culturing in high 

densities is practiced (i.e., hatcheries, raceways). Baths 

can be used to treat not only surface infections but internal 

ones as well via absorption through the gills, gut and 

cuticle. Many variations of the bath exist and include long 

baths, short baths, dips, and constant flow applications 

(Herwig, 1979). However, aquaculture farms that are more 

extensive in nature (i.e., ponds) do not lend themselves to 

baths due to the prohibitive cost of treating the large 

volumes of water involved. In these cases the most common 

mode of drug administration is via the oral route through the 

addition of antibacterials to the feed. When using oral 

administration, factors such as drug bioavailability and loss 

of drug via leaching in the water column prior to ingestion 

must be considered. 

Pharmacokinetic data are very useful in the 

characterization of a drug with respect to a given host. The 

major pharmacokinetic values that describe the disposition of 

a drug are half-life, volume of distribution, and systemic 

body clearance. "Half-life" is that time required for the 

plasma concentration of a drug to be reduced by 50%. The 

"volume of distribution" is a term that provides an estimate 

of the degree that a drug is distributed throughout the body's 
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tissues while "systemic body clearance" is a measurement of 

the bodies ability to eliminate the drug. Bioavailability is 

another valuable factor in determining a reasonable drug dose 

since it is a measure of the degree of absorption into the 

blood of unchanged drug following a non-intravenous 

administration (Gibaldi and Perrier, 1982; Ritschel, 1980; 

Gladtke and Hattingberg, 1979). It is generally accepted that 

tissue concentrations of a drug must equal or exceed known 

bacterial MIC's to be efficacious (Prescott and Baggot, 1988; 

Garrod, 1981; Lorian, 1980). Therefore, when the MIC of a 

drug is combined with pharmacokinetic data, a reasonable dose 

can be determined. The dose required to maintain a desired 

blood concentration, at or above MIC levels, is given by the 

following formula: 

D = ( T ( CBB X CIB )) / F 

where 

D = Dose 

T = Dosing interval 

CBS = Desired steady-state plasma concentration 

CIs = Systemic body clearance 

F = Drug bioavailability 

However, it must be noted that this equation can only be 

applied to drugs that are described by first-order kinetics 

(Gibaldi and Perrier, 1982; Ritschel, 1980; Gladtke and 

Hattingberg, 1979). 
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Whenever the use of antibacterials are enlisted in the 

treatment of bacterial infections, the possibility of 

resistance or the development of resistance must be addressed. 

The fact that bacteria have short generation times and the 

potential to transfer genetic information equates to the 

possible development of resistant strains (Cooksey, 1990; 

Prescott and Baggot, 1988; Smith and Lovell, 1981; Linton, 

1977; Smith, 1975). The development of bacterial resistance 

has often been cited to be further enhanced by the use of 

subtherapeutic doses (Sun, 1984a; 1984b; NAS, 1980). 

Mechanisms for bacterial resistance include inactivation of 

antibacterials by cell enzymes, cell wall or cell membrane 

impermeability, changes in target receptors, development of 

alternate metabolic pathways, and development of enzymes with 

low drug affinity (Cooksey, 1990; Garrod et al., 1981; 

Prescott and Baggot, 1988). Bacterial resistance may be 

classified as either natural or acquired in nature (Prescott 

and Baggot, 1988; Boyd, 1984). 

Natural resistance is an inherent resistance. Usually 

this resistance is due to the target bacteria lacking the 

cellular mechanisms required for antibacterial action 

(Prescott and Baggot, 1988; Boyd, 1984; Garrod et al., 1981). 

Acquired resistance is a genetically based resistance. 

It can result from chromosomal mutation or through the 

acquisition of transferrable genetic material. Resistance via 
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mutations in the chromosome is usually a gradual step-wise 

process (Boyd, 1984). In general, chromosomal resistance is 

a minor problem that is favored by low intermittent drug 

dosage. In contrast, transferrable resistance is of major 

significance (Prescott and Baggot, 1988). The 

extrachromosomal DNA responsible for the development of 

resistance can be replicated within the bacterial cell and 

then transferred to other cells via several methods. These 

include transduction, transformation, conjugation, and 

transposons (Prescott and Baggot, 1988; Boyd, 1984; Garrod et. 

a!., 1981). Transduction occurs when a bacterial cells DNA is 

incorporated by a virus and is subsequently transferred to 

another cell upon infection by the bacterial DNA-containing 

virus. Transformation of bacterial cells takes place when 

naked DNA passes from one cell to another. Conjugation is a 

common method by which gene transfer is achieved. In this 

process a donor bacteria attaches to a recipient cell, via a 

sex pilus, and transfers copies of genetic material which 

often include plasmid-mediated resistant genes commonly 

referred to as "R plasmids" (Hinton, 1986; Timoney and Linton, 

1982; Linton, 1977). Upon completion of this process the 

recipient cell not only acquires resistance but can itself 

become a donor of the genetic information. 

Transposons are short sequences of DNA that can transfer 

from plasmid to plasmid or from plasmid to chromosome or from 
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chromosome to plasmid. Homology between a transposon and 

interacting DNA is not usually required. As a resul t, 

plasmids with very different origins may contain identical 

resistance genes. Transposition can occur rapidly throughout 

a cell. Thus, when this process is combined with conjugation 

the effect can be a very rapid development of antibacterial 

resistance in a bacterial population (Prescott and Baggot, 

1988; Boyd, 1984; Garrod et. al., 1981). 
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Figure 2.1. Modes of Antimicrobial Activity on the Bacterial 
Cell Wall. 

The cell-wall consists of layers of "glycan" strands 
composed of units in which N-acetylglucosamine -made from 
alanine- is linked to N-actylmuramic acid with a peptide 
tail. The units are transported to the site of insertion 
into the wall by a lipid carrier which returns to carry 
more units. The wall is made rigid by joining the 
peptide tails together. 

(Taken from Garrod et al., 1981) 



Nucleol1des 

~ co-factors ---;)~r 
Precursors 

39 

Figure 2.2. Sequential interruption of folate synthesis, an 
intermediate step in the metabolic pathway of 
nucleotide synthesis, by sulphonamide and 
trimethoprim. 



Vibriosis in Aquaculture 

The single largest 

aquaculture industry is 

cause of economic loss 

directly attributable to 
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in the 

disease 

problems with the aquacultured animal, with bacterial diseases 

being the most significant (Meyer, 1991a). One of the most 

common disease syndromes which occurs in aquacultured marine 

and estuarine finfish, mollusks, and crustaceans is vibriosis. 

Vibrio species, both pathogenic and non-pathogenic, are very 

common natural microbial flora in the marine and estuarian 

environments (Brisou et al., 1965; Baumann and Schubert, 1981; 

Barbay et al., 1984; Hug et al., 1984). It has been shown 

that a variety of Vibrio species can be associated with 

vibriosis (Kinne, 1990, 1984; Sindermann, 1990a, 1990b; 

Anderson and Convoy, 1970; Austin and Austin, 1987). 

Therefore, aquaculturists who use seawater or brackish water 

for their culture systems are potentially at risk of vibrio 

infections. Although, vibriosis is a disease usually 

associated with marine and estuarian species, it can also 

occur in freshwater species, although much less commonly. 

Vibriosis is a serious systemic disease to which many 

aquatic species are susceptible. More than 40 aquatic species 

have been reported to suffer from vibrio-associated disease 

syndromes, amoung these are the saltwater eel, dolphin fish, 

turbot, grouper, sole, roach, sea scorpion ,salmon, trout, 
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carp, young frogs, crabs, crayfish, oysters, and shrimp 

(Lavilla-Pitogo et al., 1992b; Kinne, 1990, 1984; Sindermann, 

1990a, 1990b; Lewis, 1985; Anderson and Conroy, 1970). 

It is evident that members of the genus Vibrio can infect 

a large variety of aquatic organisms. Colwell and Grimes 

(1984) list nine Vibrio species which are aquatic animal 

pathogens. Four of these species are also known human 

pathogens. Therefore in these cases there is not only the 

potential for high economic losses to the aquaculturist as a 

result of animal mortalities, but also the threat of human 

infection if proper handling (i.e. cross-contamination of raw 

and cooked fish) and preparation (i.e. undercooking) are not 

practiced. The species which pose a human risk include V. 

alginolyticus, V. parahaemolyticus, V. cholerae, V. vulnificus 

and V. damsel a (Colwell and Grimes, 1984). The remaining 

species they listed as fish pathogens not believed to be a 

risk to humans include v. carchariae, V. salmonicida, V. 

ordalii and V. anguillarum (Colwell and Grimes, 1984). 

Of these, V. anguillarum is by far the best known and 

widespread of the vibrio fish pathogens (McCarthy, 1976; Chart 

and Munn, 1980). It was first identified in the European eel 

(Anguilla anguilla) by Bergman in 1909. It is believed that 

the disease caused by V. anguillarum has been known and 

recognized for many years, and there are indications that the 

disease was first reported as early as 1718 (Hofer, 1904; 
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Bergmen, 1909). More recently, V. anguillarum has attracted 

considerable attention in the aquaculture industry as a result 

of instances where acute and high animal mortalities, 

translating to substantial economic losses, have occurred in 

aquaculture operations that are attributable to this organism 

(Amlacher, 1961; Sano and Fukuda, 1987). 

In penaeid shrimp, the majority of bacterial infections 

are attributable to Vibrio species (Lightner, 1983). In large 

part, this is a result of the fact that Vibrio species 

constitute the majority of the shrimp natural microflora 

(Sugita et al., 1987; Yasuda and Kitao, 1980; Vanderzant et 

al., 1970, 1971). This is not to say that occasionally other 

bacterial disease syndromes do not occur, i.e., those caused 

by Pseudomonas spp., Aeromonas spp., and Mycobacterium spp. 

(Brock and Lightner, 1990; Brock et al., 1986; Anderson et 

al., 1988; Lightner, 1983). Nevertheless, vibriosis is the 

primary bacterial disease syndrome in shrimp and is usually 

caused by V. alginolyticus, V. parahaemolyticus, and V. 

vulnificus (Lightner and Bell, 1991; Lightner, 1988; Lightner 

et al., 1991). Other Vibrio species occasionally involved 

with infections include V. damsela, V. fluvialis, and V. 

hollisae (Lightner and Bell, 1991; Mohney, 1989; Lightner et 

al., 1991). Two luminescent Vibrio species, V. harveyi and V. 

splendidus, have also been found to cause significant shrimp 

disease problems, especially in shrimp hatcheries (Lavilla-
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Pitogo et al., 1992a; Baticados et al., 1990; Lavilla-pitogo 

et al., 1990). 

Epizootics of vibriosis in shrimp vary from acute to 

chronic, with mortalities ranging from insignificant to 100% 

(Lightner, 1988). Gross clinical signs of vibriosis will 

usually include behavioral changes, i.e., erratic/disoriented 

swimming and or lethargic behavior. Vibrio infections may be 

both external and internal in nature. External infections are 

characterized by eroded localized lesions in the cuticle which 

have become melanized (brown), hence the name "brown spot 

disease". Shrimp with internal infections exhibit more 

general clinical signs of disease. Frequently these will 

include signs of severe stress, illustrated by muscle 

opaqueness, anorexia, darkened pigmentation of the dorsal 

surfaces, and a reddish pigmentation of the pereiopods and or 

pleopods (Lightner, 1983, 1988). 

Many of the vibrio infections are believed to be 

opportunistic in nature (Lightner and Lewis, 1975; Lightner, 

1983, 1988). One reason for this is that many researchers 

have been able to isolate low numbers of bacteria (i. e • , Vibrio 

spp.) from the hemolymph of apparently healthy crustaceans, 

including shrimp (Johnson, 1976; Scott and Thune, 1986; 

Lightner, 1988; Anderson et al., 1988). 

Many factors influence the occurrence and severity of 

vibriosis outbreaks. The occurrence of vibriosis in aquatic 
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populations has been demonstrated to have a high correlation 

with water temperature, in that outbreak frequency increases 

with increases in water temperature (Giorgetti and Ceschia, 

1982; Thune et al., 1991). The handling of animals, i.e., in 

the transportation from hatcheries to grow-out facilities, has 

also been found to increase the likelihood of disease 

outbreaks (Roberts and Shepherd, 1974; Lightner, 1988). 

Thornburn (1987) demonstrated that when these factors are 

combined, i.e. transporting animals late in the season when 

water temperatures are higher, the result was a higher rate of 

mortality during vibriosis outbreaks. Thornburn (1987) also 

demonstrated that the frequency and severity of vibriosis 

outbreaks was significantly affected by the experience of the 

individual farm managers on the use of handling techniques 

which reduce such stress factors. It has been suggested that 

these stress factors only help to initiate the vibrio disease 

outbreaks (Lightner, 1988). 

The concentration of Vibrio species in the water of a 

culture facility, greatly influences the probability of 

disease outbreaks (Ref tie, 1982; Lightner, 1988; Baticados et 

al.,1990). Significant increases in the concentration ratio 

of pathogenic to nonpathogenic strains of bacteria in the 

culture water will often result in disease outbreaks. 

However, in finfish it is also believed that prolonged 

exposure to low levels of a pathogen will help develop a 
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partial resistance in previously susceptible animals (Ref tie, 

1982; Adams, 1991). Nevertheless, the onset of this 

capability is often life stage dependant (Johnson et al., 

1982). In contrast, the concept of any acquired immunity in 

crustaceans, be it from natural exposure or vaccination, is 

controversial. Acquired immunity in shrimp through the 

application of a vaccine would have obvious commercial 

benefits. Even though marine invertebrates have a non-

specific immune response, somewhat eff~ctive lobster (Stewart 

and Zwicker, 1974) and crayfish (Mckay and Jenkin, 1969) 

vaccines have been reported. In shrimp, a number of vaccines 

have been developed and tested with mixed results (Huang et 

al., 1981; Lewis and Lawrence, 1985; Giorgetti, 1990; Itami 

and Takahashi, 1991). However, many factors are crucial when 

considering vaccination including the appropriate life stage 

of the animal, the route of administration and the 

dosage/vaccination schedules as well as the cost and 

efficiency of the vaccination used (Tatner and Horne, 1984; 

Dunn et al., 1990). 

Vibriosis is a serious problem in aquaculture. Outbreaks 

have the potential to devastate shrimp aquaculture operations. 

Therefore, extreme care must be taken to understand the 

pathogenesis of Vibrio species in cultured shrimp and to 

prevent the initiation, transmission, and propagation of 

disease if an operation is to be successful. 
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Aquaculture Chemotherapeutants Regulation 

Many chemotherapeutants in aquaculture are used to 

control specific disease organisms and include antibacterials, 

viricidans, fungicides, paraticides, algicides, and 

disinfectants (Schnick et al., 1986). However, the use of 

such chemicals must not contaminate the human food supply or 

the environment. The safety of the food supply and the 

environment, are ensured by Federal and state agencies which 

regulate the aquaculture industry. The federal agencies which 

are involved in this regulation include the Food and Drug 

Administration (FDA), the Environmental Protection Agency 

(EPA), the U.S. Fish and Wildlife Service in the Department of 

Interior, and the National Oceanic and Atmospheric 

Administration (GAO, 1988). 

The FDA, in cooperation with the appropriate state 

agencies, is primarily responsible for the safety and 

wholesomeness of the food supply. The Food Drug & Cosmetic 

Act of 1938 (FD&C) is the statute which endows the FDA with 

this responsibility and the authority to enforce the law. In 

1958 the FD&C was amended, known as the Food Additives 

Amendment, in that the use of carcinogens as food additives 

was prohibited (section 409). A similar amendment was passed 

in 1968 with regard to new animal drugs (section 512) 

(Kobylka, 1982). However, this new animal drug anticancer 
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amendment was found to be unrealistic and thus was further 

amended in 1972, making it less stringent (Kobylka, 1982). 

Regardless, the FDA is still responsible for monitoring and 

ensuring that established tolerances, action levels, and 

tissue residues for approved chemicals are not exceeded in 

aquaculture products while simultaneously ensuring that non

approved chemicals are not present in aquaculture products. 

The approval of a new animal drug and its level of use is also 

an FDA responsibility. Therefore, it is required that all 

animal drugs be registered with the FDA (USDA, 1992; Hui, 

1979) • 

Surveillance for compliance with the various regulations 

applicable to seafoods, including aquacultured goods, is the 

responsibility of the FDA (USDA, 1992; Hui, 1979). This is 

especially true when seafoods are imported from abroad and/or 

transported interstate. Recently, the Office of Seafood 

Safety has been created by the FDA for just that purpose 

(Otwell, 1989). Their primary objectives will be to insure 

that the seafoods are free from human pathogens and/or any 

extraneous substances at levels exceeding set tolerances. 

Aquaculture chemotherpeutants will presumably be included on 

the list of substances to be monitored for imported cultured 

fishery products (Otwell, 1989). 

The FDA's Center for Veterinary Medicine (CVM) is 

specifically responsible for the regulation of drugs in the 
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u.s. aquaculture industry (USDA, 1992; Otwell, 1989): The CVM 

monitors and approves the use of drugs and other feed 

additives (i.e. fish color enhancers) that are used in the 

aquaculture industry (USDA, 1992). The low number of approved 

drugs has often been cited as being a major contributor to the 

slow growth and expansion of domestic aquaculture (JSA, 1988). 

Unfortunately, many drugs which have good potential for 

aquaculture use do not have established withdrawal times for 

cultured species. Also, the limited experience FDA has with 

respect to the needs of the aquaculture industry, as well as 

the species involved, impede approval process. Since there 

are relatively few drugs approved for use in aquatic species, 

the temptation by individual farmers to use illegal drugs is 

great (Otwell, 1989). In this respect, the enforcement 

activity of CVM is evident through both its Medicated Feeds 

Program and its Illegal Distribution of Veterinary 

Prescription Drugs Program (Otwell, 1989). CVM's monitoring 

is illustrated by the fact that since 1985, together these 

programs have issued 25 detentions per year to halt illegal 

drugs destined for aquaculture use (FDA, 1989). 

On the other hand, the registration of pesticides and 

allowable pesticide residues in tissue, is the responsibility 

of the EPA (USDA, 1992; EPA, 1987; Hui, 1979). However, the 

FDA is still responsible for enforcing these residue levels in 

aquaculture products (USDA, 1992; Hui, 1979). The authority 
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by which the EPA sets these tolerances is also provided for by 

the FD&C, in section 408 (Hui, 1979). Under the National 

Pollutant Discharge Elimination System, the EPA is also 

responsible for regulating the discharge of water from an 

aquaculture facility, which may contain various levels of 

chemicals and/or drugs (Fong & Brooks 1989; Schnick et al., 

1986). Other statutes which empower the EPA include the Clean 

Water Act of 1977, the Federal Insecticide, Fungicide and 

Rodenticide Act of 1947, and the Fish and Wildlife Act of 

1958. 

The U.S. Fish and Wildlife service is also involved with 

aquaculture chemotherapeutants. They have been charged with 

coordinating research efforts toward the FDA approval of 

fishery chemicals needed for State and Federal fish culture 

facilities to function (Schnick et al., 1986). Since 1983 the 

U.S. Department of Agriculture (USDA), FDA and EPA have funded 

an Interregional Research project number 4 (IR-4), which also 

assists in the registration and approval of aquaculture 

chemicals by conducting research to generate residue data 

(Williams & Lightner, 1988; IR-4, 1987). 

When chemotherapeutants are used in aquaculture, there 

are three general areas of concern , with regard to human 

health. These include; 1) residues of drugs in fish destined 

for human conswaption; 2) development of drug resistance in 

human pathogenic bacteria; and 3) direct toxic 
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effects on humans from handling the drugs (Bernoth, 1991; 

Meyer, 1991b). 

Tissue residues in fish have been shown to be affected by 

a variety of factors. Although, to date, only limited 

research has been conducted on tissue residues and elimination 

rates in fish, three major factors clearly standout. These 

factors include water temperature, tissue analyzed (i. e. 

muscle vs. bone), and species (Ellis, 1991). Recommended 

withdrawal times have in theory traditionally been based on a 

zero tolerance in edible tissues (Kobylka, 1982). The actual 

levels in tissues measured by this convention are therefore 

subj ect to change. That is, since the concept of "zero 

tolerance" is dependant on the sensitivity on the assay used, 

as technology improves the level of detection will 

continuously be decreased (Kobylka, 1982). Therefore, the 

tolerances established by the FDA for an animal drug in the 

edible tissues of that food animal are individually evaluated 

(Hui, 1979). The tolerances for specific animal drug residues 

in human foods are described in 21 CFR 556 (Code of Federal 

Regulations). Factors that are considered when establishing 

a tolerance for a drug are also outlined in 21 CFR 556. A 

brief summary of several of these considerations includes 

whether or not a residue is actually expected in the tissue, 

if the drug is directly toxic and/or carcinogenic to humans, 

the existence of a reliable accurate method of analysis, the 
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degree the drug is metabolized and the metabolic products of 

a drug (Hui, 1979). 

The concern over antibiotic residues in edible flesh is 

two fold. The first concern is for the potential threat of 

direct toxicity to the consumer by chemicals used, as would be 

the case with chloramphenicol. Second, is the concern that 

low level antibiotic exposure to the consumer may result in 

disruption of the natural flora in the human gut and thus 

increase the potential for opportunistic pathogens to cause 

infection (Bernoth, 1991). The potential for the development 

of resistant strains of pathogenic bacteria is also partially 

linked to this issue. Resistant strains may develop either 

directly or indirectly as a result of antibiotic treatment. 

Indirect development of resistant strains theoretically could 

result when humans ingest foods (i.e., aquaculture products) 

containing antibiotic residues (Bernoth, 1991). This would 

allow opportunistic pathogens naturally present in the human 

gut to develop resistance. However, direct development of 

resistance in pathogenic bacteria occurs in the animals as a 

resul t of using therapeutic and subtherapeutic levels of 

antibiotics in the treatment of fish disease (Hays and Black, 

1989). These resistant bacteria then have the potential of 

later being transmitted to the human consumer if improperly 

handled or prepared. Both of these instances are serious 

heal th concerns since many of the antibiotics which have 
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potential use in aquaculture are currently used for human 

treatment. 

The danger of direct toxic affects to persons handling 

the chemotherapeutants seems to be minimal (Bernoth, 1991). 

Meyer (1983), in a study on malachite green a chemical with 

known toxic effects, stated that there have been no reported 

cases of accidental human poisoning or other health problems 

associated with the handling of malachite green. This is also 

the case for formaldehyde, a toxic chemical commonly used as 

a paraticide in aquaculture operations (Bernoth, 1991). 

The shrimp aquaculture industry is like any other animal 

husbandry industry, in that shrimp are subject to disease. 

Therefore the need to therapeutically treat a disease and thus 

minimize the potential economic loss (i.e., animal mortality) 

resulting from that disease does exist. However, the rapid 

growth of this industry has outpaced the efforts by 

researchers, pharmaceutical companies, and regulatory agencies 

to provide approved therapeutants to manage shrimp diseases 

(Bell, 1992b). This, in part, has produced a situation where 

the most rapid growth has often occurred in countries that 

have very liberal policies regarding the use of 

chemotherapeutants (Bell, 1992b). 

In contrast, the number of approved aquaculture 

chemotherapeutants in the u.s. is very limited (Meyer, 1991a). 

Currently, the entire list of FDA approved aquaculture 
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chemotherapeutants is limited to 5 compounds: 3 antibiotics 

(oxytetracycline, Romet-30 (Hoffman-LaRoche, Nutley,NJ), and 

sulfamerazine), 1 anesthetic (MS-222), and 1 

paraticide/fungicide (formalin). Unfortunately, none of these 

have been approved for use in shrimp. There are also 

approximately 21 EPA approved compounds for use in 

aquaclulture facilities which include algicides, herbicides, 

piscicides, molluscicides, lampricides, disinfectants, and 

sani tizers. Of these, only one class of products (the 

algicides, Aquatrine (Applied Biochemists Inc., Milawaukeee, 

WI) and Copper Control (Argent Laboratories, Redman, WAll are 

approved for use in shrimp culture (Bell, 1992b). However, 

there are several compounds which currently are considered 

"low regulatory priority chemicals" (LRPC), which means that 

the FDA has reviewed them and their intended uses and has 

decided that they pose minimal risks (Guest, 1992). Compounds 

on this list and their uses include sodium sulfite (fish egg 

hatchability), sodium chloride (fish paraticide), sodium 

bicarbonate (fish anesthetic), acetic acid (fish paraticide), 

and carbon dioxide gas (fish anesthetic) (Geyer, 1992). 

Unfortunately, all of these compounds are of little use with 

shrimp. The FDA is also currently reviewing a number of such 

compounds which may eventually be placed on this LRPC list, 

but FDA reserves the right to remove any compound from the 
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list if new information indicates that the compound is either 

not safe or efficacious in its intended use (Geyer, 1992). 

It is generally believed that one of the major obstacles 

in the development and approval of new drugs for use in 

aquaculture is the cost. Currently, the cost is estimated to 

be between $10 and $12 million (Schnick, 1988). The process 

of licencing new drugs and chemicals is also complicated and 

slow (Meyer, 1991b). These factors, coupled with the 

relatively small market for fish health products, mean that it 

is often very difficult to coax drug manufacturers into 

investing in aquaculture chemotherapeutant research (Rae, 

1991). Therefore, often the only avenue available for the 

development and registration of a potential aquaculture 

chemotherapeutant is to take advantage of the EPA and FDA 

minor use policies (EPA, 1987; FDA, 1986a; Williams and 

Lightner, 1988). However, recently a task force under the 

Joint Subcommittee on Aquaculture (JSA), established by the 

National Aquaculture Act of 1980, has developed a priority 

list of needed aquaculture theraputants (Fong & Brooks, 1989). 

Other important JSA objectives include a review of current 

requirements for chemical registration and the determination 

of budgeting requirements (Schnick 1988; Williams and 

Lightner, 1988). 

The use of drugs in the treatment of disease in finfish 

and shrimp is a common practice. Whenever antibiotics are 
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used in the treatment of disease in aquatic species, 

established minimum drug withdrawal times must be strictly 

adhered to prior to harvesting, in order to ensure that tissue 

drug residues are within acceptable levels. The use of 

antibiotic therapy should always be used wisely in order to 

minimize the development of drug resistance in target 

pathogens (Frappaolo and Guest, 1986), a phenomenon well 

documented in the pathogens of aquatic species (Bullock, 1984; 

MacMillan, 1985; Ganzhorn, 1985; Hastings and McKay, 1987; 

Taylor, 1987; DePaola, 1988; McPhearson et al., 1991). The 

development of drug resistance in bacteria, is not only a 

human safety concern but may also contribute to the increased 

incidence and prevalence of chronic and recurrent forms of 

bacterial disease in aquatic species (Egidius and Anderson, 

1979) • 
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CHAPTER 3 

PRELIMINARY STUDIES ON THE PALATABILITY, ANIMAL SAFETY, AND 
TISSUE RESIDUES OF DIFLOXACIN IN THE PENAEID SHRIMP 

ABSTRACT 

The palatability, animal safety (toxicity), and tissue 

residues following 15 days of medicated feeding at Ix (100 

mg/kg), 2x, and 4x dose levels of difloxacin (Abbott 

Laboratories; North Chicago, IL) were evaluated with respect 

to penaeid shrimp. A statistically significant reduction 

(p>0.05) in difloxacin medicated feed palatability was noted 

in the 2x and 4x dose levels. However, differences were not 

unacceptable, with greater than 80% of the feeds being 

consumed in both the 2x and 4x treatments relative to the 

control diet. Differences in weight gain patterns were not 

were not significant (p>O. 05). Total mortality increased with 

difloxacin dose level, with the control diet having the lowest 

mortality rate of approximately 7% and then increasing to the 

highest mortality rate of 20% in the 4x treatment. However, 

differences were not significant (p>O. 05) by the "Williams 

test". In contrast, analysis of mean survival time with 

nonparametric statistical procedures indicated the difloxacin 

did significantly (p>0.05) shorten survival time. Also, there 

were signs of animal stress noted in the 4x treatment, 

characterized by extreme lethargy of shrimp. An examination 



57 

of Feed Conversion Ratio's (FCR) showed no consistent trends 

resulting from difloxacin dose level. Analyses run to 

determine elimination rates of the drug from shrimp tissue 

were inconclusive. Indications were that the HPLC methodology 

used in this study for the determination of difloxacin in 

shrimp lacked sensitivity due to interfering substances. 

Although suspect, there was an indication that difloxacin may 

rapidly be eliminated from shrimp tissue, with a possible 

tissue t1/2 of approximately 11.4 h. Difloxacin peak tissue 

levels also indicated a standard dose response. However, more 

reliable difloxacin shrimp tissue data would need to be 

determined before any conclusions could be drawn. 

INTRODUCTION: 

Aquacul tured shrimp have become an increasingly important 

source of shrimp in the world market. This is illustrated by 

the fact that aquacultured shrimp accounted for only 7% of the 

world's production in 1983 and that by 1991 this figure had 

grown to approximately 28%. Estimates indicate that by 1995, 

approximately 50% of the worlds shrimp production will come 

from the aquaculture industry (Rosenberry, 1992, 1991, 1990; 

FAO, 1989). The United states is a minor producer of 

aquacultured shrimp with respect to the world's production, 

accounting for less than 0.1% (Rosenberry, 1991). 
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The lack of any approved drugs, in the United States, for 

use in shrimp aquaculture is a contributing factor to the 

small size of the industry. Disease has been cited as the 

single largest source of economic loss in the aquaculture 

industry, with bacterial diseases being the most significant 

(Meyer, 1991a). In shrimp, the majority of bacterial 

infections are attributable to Vibrio spp. (Lightner, 1983). 

The occurrence of vibriosis in shrimp has the potential to be 

devastating. Mortalities in a population of shrimp with 

vibriosis may range from trivial to 100% (Lightner, 1988). In 

the U.S., shrimp farmers do not have approved antimicrobials 

at their disposal to manage bacterial disease outbreaks. 

Oxytetracycline (OTC) (Pfizer, Groton, CT) and Romet-30 

(Hoffman-LaRoche, Nutley, NJ) are currently the only 

antimicrobials approved by the Food and Drug Administration 

(FDA) for use in U. S • aquacul ture, i. e. , salmonids and 

catfish. Research on these compounds for use in shrimp is on 

going, with the work for oxytetracycline approval nearing 

completion (Williams ans Lightner, 1988). However, a major 

problem with these compounds is that bacterial pathogens 

develop resistance (Gazhorn, 1987; Taylor, 1987; Shotts et 

al., 1976). Therefore, there is an increasing need in 

aquaculture for new broad-spectrum antimicrobials. A group of 

compounds that may meet these needs are the quinolones. One 

of these compounds is oxolinic acid. Oxolinic acid has been 
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successfully used in Europe and Japan for the treatment of 

certain salmonid bacterial infections (Austin et al., 1983). 

In Japan, oxolinic acid has also been approved for use in many 

other aquatic species including for the treatment of vibriosis 

in shrimp (Aoki, 1992). Unfortunately, the development of 

bacterial resistance to oxolinic acid has also been 

demonstrated (Hastings and McKay, 1987). Chemically modifying 

the quinolone molecule has produced a new class of compounds 

known as aryl-fluoroquinolones. One of these compounds is 

difloxacin (Abbot Laboratories, North Chicago, IL) • 

Difloxacin has demonstrated broad-spectrum potency against 

Gram-positive and Gram-negative bacteria (Stamm et al., 1986; 

Fernandez et al., 1986). Effective inhibition of many finfish 

bacterial pathogens has also been demonstrated, including 

several Vibrio spp. (Wilson and MacMillan, 1989; Stamm, 1989). 

Studies have indicated that the development of resistance to 

difloxacin by bacteria, including many finfish pathogens, 

would be slow (Stamm, 1989; Fernandes et al., 1987). 

For these reasons, the potential of difloxacin as a 

shrimp chemotherapeutant was investigated. The objectives of 

the present study were three-fold. These included: 1) to 

determine the levels of difloxacin which were palatable to 

penaeid shrimp when incorporated into their feeds; 2) to 

establish both if these levels were toxic to penaeid shrimp 

and thus establish margins of animal safety; and 3) to 
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determine approximate withdrawal times of difloxacin from 

shrimp tissues following medicated feeding. 

METHODS AND MATERIALS: 

Test Compound 

Difloxacin hydrochloride (Lot#: 49008CEOO) was provided as 

a pure drug by Abbott Laboratories (North Chicago, IL). 

Experimental Animals & Aquaria Conditions 

Juvenile penaeid shrimp (Penaeus vannamei, 15-19 g 

animals) were acclimated and distributed in 90L plastic 

aquaria at a density of 15 animals per tank. Treatment 

selection among aquaria was randomized in order to minimize 

effect of location (i.e., completely randomized design). 

Tanks were provided with recirculated artificial seawater 

(19-21 ppt). Water temperature was 25±2°C and exchanged at 

approximately 50% per hour. Ammonia, nitrite, pH and salinity 

were monitored and aeration was constant. Water quality 

parameters monitored during the 15 day medicated feeding and 

the 21 day post-medicated feeding periods stayed within 

acceptable ranges and are presented in Appendix A (Table A.1) • 



61 

All tanks were plumbed to a common biofilter. The 

biofilter was fitted with a series of charcoal canisters 

immediately before the filter medium. This minimized the 

potential for cross-contamination of drug treatments to other 

tanks and the destruction of the biofilter. 

Feed preparation 

Treatment diets consisted of commercially available 

ground 35% protein shrimp feed (Rangen Feed Inc.; Buhl, ID), 

appropriate level of difloxacin, and 2% aquatic feed binder 

(Aquabind; Dupont, Wilmington, DE). Three levels of 

difloxacin medicated diets (100, 200, & 400 mg drug/ kg feed) 

and one control diet (Rangen control) were prepared. 

Ingredients were mixed with 15% water and extruded with a 

Wenger X-5 laboratory size extruder (Wenger Co., Sabatha, KN). 

Extruder conditions were as follows: 1) a 1mm round die was 

used, 2) screw speed was 120 rpm (setting 4), 3) hopper speed 

was 25 rpm (setting 10), 4) residence barrel time was 55-60 

sec, 5) production rate was approximately 4 kg/h, and 6) 

barrel temperature was between 90-100oC. Extruded feeds were 

then dried at 60°C for 24 h just prior to use. All diets, 

including the Rangen control, were prepared as described. 
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Feeding Regime/Dosing 

Each of the four diets was provided to three replicate 

tanks. Feed was provided once per day in the morning at a 

level of 5% of cumulative tank body weight (determined on day 

o of the study). Difloxacin medicated diets provided 

approximately 5, 10, and 20 mg of difloxacin per kg shrimp 

body weight per day when all the feed was consumed. 

Approximately 12 h post-feeding all of the remaining feed was 

removed by siphoning and dried at 60°C for 24 h. 

Palatability 

Remaining feed, which was dried as previously described, 

was then weighed and subtracted from the amount of feed fed on 

that day in order to determine the actual amount eaten. This 

procedure was repeated for the 15 days of medicated feeding. 

At the termination of the 15 day period cumulative tank body 

weight was again measured. Daily feed intake and mean body 

weight changes were analyzed as a measure of palatability. 

Toxicity 

Each tank was monitored on a daily basis for shrimp 

mortalities and signs of morbidity (i.e., shrimp which were 
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extremely lethargic or had high levels of surface fouling 

and/or levels of surface lesions). Shrimp mortalities were 

recorded and dead animals removed daily. Moribund shrimp were 

noted and left until they either recovered or died. No 

attempt to examine shrimp histologically for evidence of 

toxicity was made. Feed Conversion Ratios (FCR) were 

calculated and examined as a possible indicator of subchronic 

toxicity. FCR values were calculated as (corrected total dry 

weight of food eaten/corrected total weight increase). 

Corrected total weights W' were obtained in the manner of 

Kitabayashi et ale (1971) as 

W'= W +((Wi + Wf)/ 2) X N 

where W=final total weight of survivors 

Wi=average individual initial weight 

Wf=average individual final weight 

N=number of shrimp dying in experiment. 

Corrected total dry weight of food eaten F' was calculated as 

F'= (F X 15) X (P / 100) 

where F=initial total amount of feed fed to tank 

P=average % of feed eaten during 15 day study period. 

Elimination/Residues 

Following the 15 day medicated feeding period the 

remaining animals were maintained for a 21 day clearance 
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period in which only the Rangen control diet was fed. Drug 

elimination sampling intervals were at 0, 1, 3, 7, 14, and 21 

days post termination of medicated feeding. Samples consisted 

of 2 shrimp per replicate at each time interval, which were 

immediately frozen and maintained at -80°C until analysis. 

Analytical Procedures 

Difloxacin-HCL tissue levels were analyzed on a whole 

animal basis by HPLC. HPLC analysis was performed by Abbott 

laboratories as per contract agreement. The analytical system 

used consisted of a high performance liquid chromatograph, a 

variable uv wavelength detector (280 nm) and an electronic 

integrator. The column was a 15 cm x 4.6 mm 5 micron C18 

Nucleosil (Alltech Cat. No. 89162). The mobile phase was an 

acetonitrile-buffer mix, 42% and 58% respectively. The buffer 

consisted of 1.1 gO. 01 M NaH2P041 375 mg O. 005 M 

acetohydroxamic acid, and 2 g 0.2% sodium dedocylsulfate in 1 

L of water. The pH of the buffer was adjusted to 2.5 with 85% 

phosphoric acid. The flow rate was 1 ml/min and analysis was 

performed at ambient temperature. Whole shrimp were chopped 

into small pieces and distilled water was added at a 1:4 ratio 

(i.e., 1 g shrimp to 4 ml distilled water) and homogenized for 

5 min. One ml of 0.1 N NaOH and 4 ml of acetonitrile were 

added to 5 ml aliquots of homogenized tissue. This mixture 
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was then mixed for 1 min and centrifuged for 15 min with a 

DuPont T600B centrifuge at 2000-2500 rpm. The supernatant was 

decanted and 1 m1 of 5 M phosphoric acid was added and mixed. 

Ten (10) ml of mobile phase was then added, mixed thoroughly 

and filtered through a Whatman 0.45 urn filter. A 100 ul 

aliquot of the filtrate was then used for HPLC analysis. 

Difloxacin-HCl eluted in approximately 10 min. The overall 

recovery of difloxacin from spiked extracts was 75%. The 

limit of detection of parent Difloxacin-HCL was 0.05 ug/ml. 

statistical Analysis 

Palatability 

A completely randomized design (CRD) was used for 

treatment assignment to aquaria location. Data was analyzed 

using the general linear models procedure of NCSS (NCSS, 

1989). A standard one-way analysis of variance (ANOVA) was 

used to confirm treatment differences in both feeding rates 

and average weight gains. Significant differences were then 

separated by Duncan's Multiple Range Test (Steel and Torrie, 

1960). Results were considered significant at P~0.05. 

Toxicitv 

Toxicity of difloxacin levels was analyzed for LCso 

(lethal concentration). Analysis was done using the Trimmed 

Spearman-Karber method (Hamilton, 1977). The LOEC (lowest 
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observable effect concentration) and NOEC (no observable 

effect concentration) for difloxacin were calculated using the 

"Williams test" where feasible (Williams, 1971; 1972). The 

"mean survival time" of animals during the 15 day medicated 

feeding period was also analyzed with nonparametric 

statistical methods (i.e., Kruskal-Wallis) (Freund and 

MacMillan, 1990) using the Number Crunchers Statistical 

Package (NCSS) (NCSS, 1987). 

Elimination/Residue 

Tissue residue data was analyzed using the general linear 

models procedure of Ness (NCSS, 1987). Differences in the 

main treatment effects of days and dose were analyzed by 

analysis of variance (ANOVA). Significant differences were 

then separated by Duncan's Multiple Range Test (Steel and 

Torrie, 1960). Results were considered significant at P~O. 05. 

A linear contrast comparing treated vs. non-treated was also 

done. 

RESULTS AND DISCUSSION: 

Palatability 

The first phase of the study on difloxacin evaluated the 

acceptability/palatability of difloxacin to penaeid shrimp 

when incorporated into their diets at lx, 2x, and 4x the 
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recommended dose level of the drug (IX dose = 100 mg 

difloxacinlkg feed). The palatability of the shrimp diets was 

measured as the amount of feed consumed over a 12 h period. 

The shrimp were fed approximately 5% of their body weight once 

a day, on a daily basis. The average percents consumed over 

the 15 day period of the provided feed rations (i.e., 100% 

consumption would indicated that the full feed ration of 5% 

shrimp body weight was consumed) are presented in Figure 3.1. 

The raw data for this first phase of the study is contained in 

Appendix A (Table A.2). Included in this table are the total 

amounts of feed consumed by the shrimp in each tank on a daily 

basis (expressed as a percentage of the total amount of feed 

consumed) and the average weight gains for shrimp per tank 

following the 15 day medicated feeding period. 

Shrimp feeding behavior can be categorized into three 

steps including arousal, searching and control I ingestion. The 

identification of compounds that control and or influence the 

various phases in the crustacean feeding patterns have been 

extensively researched (Harpaz et al., 1987; Holland, 1985; 

Zimmer-Faust et al., 1984; Carr et al., 1984; Pearson et al., 

1979; Pearson and Ola, 1977; Ache et al., 1976). Reductions 

in food consumption by shrimp (i.e., reduced palatability) 

resul ting from differences in feed formulations has been 

demonstrated to occur (Holland and Borski, 1993; Lim and 

Dominy, 1990). The incorporation of antimicrobials into feeds 
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has also been shown to reduce the feeding rates in several 

aquatic species. Usually the reduction in feed palatability 

resulting from antimicrobial incorporation are dose dependant. 

Examples of this phenomenon in aquatic species include 

oxytetracycline (OTC) in brown shrimp (Corliss et al., 1977), 

OTC in white shrimp (Corliss, 1979) and Romet-30 (specifically 

ormetoprim) in catfish (Robinson et al., 1990; Poe and Wilson, 

1989). In this study it was found that the amount of feed 

consumed by shrimp was significantly (p>0.05) affected by the 

addition of difloxacin into the feed (Figure 3.1). As 

expected, a dose dependant inverse relationship between feed 

consumption and level of difloxacin incorporated in the diet 

existed. This was demonstrated by the significantly lower 

(p>0.05) feed consumption rates for the 200 and 400 mg/kg dose 

groups as compared to the control and 100 mg/kg dose groups. 

A comparison of feed consumption relative to the control 

diet (Figure 3.2) reveals that the decrease in feeding, 

although statistically significant, does not appear to be 

entirely unacceptable. In both the 2x (200 mg/kg) and 4x 

(400mg/kg) dose groups, greater than 80% of the feed was 

consumed, relative to the control. In a shrimp aquaculture 

setting, where medicated feeds when used are done so for 

relatively short periods of time, a 20% reduction in feeding 

would probably not significantly increase time to harvest. It 

should also be noted that only the higher doses of difloxacin 
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showed reduced feeding and the Ix (100 mg/kg) dose actually 

showed increased feeding relative to the control, although not 

statistically significant (p>0.05). 

At the onset of the palatability study shrimp in all of 

the treatment group tanks consumed 100% of the feed ration 

provided. However, with the progression of the study the 100% 

feeding rate did not continue for the duration of the 15 days 

in any of the treatments. A comparison of the length of time 

where the feed ration was consumed at 100%, reveals that the 

Ix (100 mg/kg) animals maintained the 100% feeding rate for 

the longest period of time, i.e. a mean of 4 days (n=3) (Table 

3.1). The higher dose groups of 2x (200 mg/kg) and 4x (400 

mg/kg) averaged fewer 100% feeding times with 1.3 and 2.0 

days, respectively. It was noted that these 100% feeding 

times correlated well with the total feed consumption rate. 

However, differences in the 100% feeding times were not 

statistically significant (p>0.05). 

Weight gain patterns of animals are an indirect method of 

measuring feed intake. In studies evaluating ormetoprim in 

catfish, lower weight gains, and even weight losses have been 

demonstrated as a result of lower feed intakes (Robinson et 

al., 1990; Poe and Wilson, 1989). This would stand to reason, 

since those animals which do not consume as much feed will not 

gain as much weight (Lim and Dominy, 1990). In the present 

study with difloxacin, average weight gain patterns did not 
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correlate well with the feed consumption data for the 15 day 

study period. Weight increase in the Ix (100mg/kg) and 4x 

(400mg/kg) were progressively lower compared to the control, 

while the 2x (200mg/kg) dose group showed the highest weight 

gain of all (Figure 3.3). However, for the measurement of 

weight gain, none of the differences were statistically 

significant in this study (p>0.05). 

Toxicity 

The second phase of this study dealt with the toxicity of 

difloxacin to penaeid shrimp, Penaeus vannamei. Animal 

safety, measured as potential toxicity, of difloxacin was 

evaluated by observing the mortality/morbidity of shrimp 

during the 15 day medicated feeding period. The average 

cumulative percents survival at the end of the 15 day 

medicated feeding period are presented in Figure 3.4. The raw 

data for phase two of the study is listed in Appendix A (Table 

A.3) and contains the daily recorded mortalities for 

individual tanks. 

In order for an antimicrobial to be useful, the 

therapeutic range of the drug must be below the toxic range 

for the host. Therefore, the effect that a drug has on the 

diseased or healthy animal during the treatment period is an 

important consideration. The ideal drug would have a large 
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margin of safety. In other words, doses well above 

recommended ones would still be below the toxic threshold of 

the host. An example of this in penaeid shrimp is 

oxytetracycline. Studies on oxytetracycline in shrimp have 

demonstrated that doses 10 times higher than the recommended 

dose show no obvious signs of toxicity (Takahashi et al., 

1985; Corliss, 1979; Corliss et al., 1977). In contrast, a 

compound with a narrow margin of safety would not be 

desirable. The obvious reason for this being that a small 

over calculation of dose would result toxicity problems 

potentially more serious than the disease being treated. 

The evaluation of animal safety/toxicity was achieved by 

monitoring mortality and or morbidity of shrimp during the 

medicated feeding period. Individual tank mortalities were 

recorded on a daily basis and the overall survival rate for 

each tank during the 15 day period was calculated. The 

toxicity of difloxacin was to be analyzed for LCso (lethal 

concentration) • However, analysis of LC50 requires that at 

least one dose group have a mortality rate between 50-80% and 

another dose group with a mortality rate between 30-50% 

(Hamilton, 1977). An examination of Figure 3.4 shows that 

mortality did not exceed 50% in any treatment, and thus did 

not satisfy conditions required for LC50 determination. 

However, in Figure 3.4 we do note that an inverse 

relation between dose and survival rate dose occur. The 
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control had a cumulative survival of 93.3%. with the addition 

of difloxacin into the feed, the cumulative survival decreased 

as the difloxacin dose increased to a low of 80% in the 4x 

(400mg/kg) dose group. This data would seem to indicate that 

toxicity was occurring in shrimp as a function of dose. 

However, the differences in cumulative survival rate were not 

statistically significant (p>0.05) as analyzed by the 

"Williams test" (Williams, 1971; Williams, 1972). 

Freund and MacMillan (1990) suggested that the 

examination of survival with respect to time (i.e., mean 

survival time) rather than the total percent survival is often 

a better measure of antibiotic efficacy. In Figure 3.5, the 

percent survival of the treatments over the 15 day medicated 

feeding period are presented. Analysis with nonparametric 

procedures (Freund and MacMillan, 1990) did in fact indicate 

that difloxacin had a significant affect (p>0.05) on the mean 

survival time of shrimp. 

The subchronic toxicity of a compound results in the 

systemic stress of an animal which is often characterized by 

a reduction in weight gain that is independent of feeding rate 

(Mayer et al., 1979). This would be exhibited as shrimp 

consuming the same amount of feed but gaining less weight. 

Earlier it was noted that the higher difloxacin dose groups 

consumed less food. However, it was also noted that the 

weight gain patterns did not have any obvious relationship 
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with feed consumption. This would seem to indicate that no 

subchronic toxicity existed. A closer inspection of weight 

gain data as it relates to feed consumption may be achieved by 

examining Food Conversion Ratios (FCR) (Table 3.2). However, 

the FeR's of the treatments do not reveal a consistent pattern 

of less efficient conversion of feed by shrimp (conversion 

ratios were higher) resulting in the higher difloxacin dose 

levels. 

Morbidity was also monitored as a possible indicator of 

subchronic toxicity throughout the 15 day study period, and it 

was defined as one or more of the following; behavioral 

changes, extreme lethargy, high degree of surface fouling, 

and/or abnormal levels or kinds of surface legions. There 

were no obvious signs of increased surface fouling or lesions 

as a function of treatment during the study period. However, 

the highest dose group (400 mg/kg) did appear to have a higher 

rate of lethargic animals, characterized by lying on their 

side, a behavior not usually encountered in healthy shrimp. 

Elimination/Residue 

Phase three of this study was to determine the rates of 

elimination (post the 15 day medicated feeding) of difloxacin 

from shrimp tissues. Tissue levels in shrimp were to be 

analyzed up to 21 days post the termination of medicated 
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feeding on a whole body basis by HPLC. The average whole body 

tissues levels during the elimination period are presented in 

Figure 3.6. Raw data for whole body tissue levels of 

individual animals are found in Appendix B (Table B.4). 

Shrimp tissue levels of difloxacin were determined for 

days 0, 1, 3, 7, and 14 following the discontinuation of 

medicated feeding. Unfortunately, the data from this phase of 

the study was highly suspect. Extremely high and inconsistent 

variations in whole body tissue concentrations of difloxacin 

were noted in shrimp. The inconsistent variations noted 

occurred in all aspects of the study including; 1) between 

replicate tanks at a given time point within a treatment, 2) 

between duplicate animals of the same tank for a given time 

and treatment, 3) within a treatment from day to day, and 4) 

between the treatments themselves. Control animals were also 

found to contain substantial concentrations of difloxacin in 

their tissues (Figure 3.6). Due to the very large variations 

encountered during the tissue analysis, Abbott Laboratories 

did not analyze any shrimp at day 21 of the study and only 

analyzed limited numbers at day 14 (Table A.4) 

The reason for the inconsistent variations throughout the 

study and levels noted in control animals are unknown. 

However, it is suspected that interference by other compounds 

naturally present in shrimp with similar retention times was 

occurring thus making the HPLC analysis ineffective. The 



75 

procedure used for difloxacin tissue analysis by Abbott 

Laboratories is one that was previously validated in shrimp 

for sarafloxacin, and it was assumed would be adequate for 

difloxacin. However, the elution time of difloxacin was 

sufficiently shorter than that of sarafloxacin, thus, making 

differentiation from background peaks difficult. Abbott 

Laboratories noted that difloxacin chromatogram were difficult 

to integrate and manual height calculation procedures had to 

be used. A further indication that interference was occurring 

was suggested in the difloxacin precision/recovery study 

performed by Abbott Laboratories. In this study shrimp tails 

were locally purchased by Abbott Laboratories and muscle 

tissue was spiked with difloxacin. The recoveries of 

difloxacin from this tissue was reported for a range of 

concentrations by Abbott Laboratories. Average recoveries 

were 165, 109 and 70% for concentrations of 50, 100 and 500, 

1000, and 2000 ppb, respectively. It was also noted that the 

level of recovery for a spiked sample could vary by as much as 

30% from day to day. It should also be noted that the 

recovery study performed by Abbott Laboratories was on tail 

muscle only where as the residue study was on whole animals. 

The whole animal includes the hepatopancreas, an organ which 

has been previously reported by Hoffmann-LaRoche (verbal 

communication) to cause significant problems in the HPLC 

analysis of sulphadimethoxine and ormetoprim. 
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As a result of this extreme variation in tissue 

concentrations, it is not surprising that the tissue level 

dose response was not significant (p>O. 05) • Although not 

significant (p>0.05), an increase in peak difloxacin tissue 

concentrations (Day 0) as a function of dose was noted (Figure 

3.6). Average daily doses of difloxacin were calculated from 

feed consumption data (Table 3.1). When the average daily 

dose (Table 3.1) for the treatments is compared to the peak 

tissue concentrations (Figure 3.6), a standard dose response 

is noted for the lx, 2x, and 4x dose levels. 

The daily decreases in difloxacin tissue levels was 

actually statistically significant (p>0.05). The initial 

elimination (from day 0 to day 1) of difloxacin from shrimp 

tissue appeared to be rapid, especially in the 2x and 4x 

treatments where the slope of the declines parallelled each 

other. The slower elimination rates seen in the Ix and post 

day 1 in the 2x and 4x treatments appears to occur at levels 

approximately equal to those seen in the control group (Figure 

3.6). These level may in reality not be difloxacin levels at 

all but instead be the interfering background. The whole body 

tissue half-life (t1/2) of difloxacin for the 2x and 4x 

treatments from day 0 to day 1 was approximately 11.3 h. If 

this were actually true, (and it is highly suspect for the 

aforementioned reasons), this would be a relatively short t1/2 

when compared to pharmacokinetic studies of other quinolones 
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in finfish. Kazuaki et ale (1992) found serum t1/2 of 46 and 

63 h for nalidixic acid in trout and salmon, respectively. 

Studies on oxolinic acid in salmon and rainbow trout have 

found serum t1/2 following intravenous injections ranging from 

24-80 h (Bjorklund et al., 1992; Hustvedt et al., 1992a, 

1992b; Noriko, 1992; Bjorklund and Bylund, 1991). 

Enrofloxacin, a fluoroquinolone like difloxacin, reported 

serum t1/2 of 55, 56, and 42 h for the oral doses of 5, 10, 

and 50 mg/kg body weight in fingerling rainbow (Bowser et al., 

1992) • However, rapid drug elimination in shrimp corresponds 

to findings for other drugs in warm water aquatic species, 

including oxytetracycline in shrimp (Penaeus setiferus) 

(Corliss, 1979), sulfadimethoxine (Squibb et al., 1988) and 

ormetoprim (Plakas et al., 1990) in channel catfish (Ictalurus 

punctatus) • 

The minimum inhibitory concentrations (MIC's) of 

difloxacin for selected finfish bacterial pathogens have been 

reported, including several Vibrio spp. (stamm, 1989; Wilson 

and MacMillan, 1989). Stamm reported MIC's of difloxacin for 

Vibrio ordalli and Vibrio anquillarum to be 0.008 and 0.12 

ug/m1, respectively. It would thus appear that the average 

peak concentrations of 0.13, 0.31, 0.62 in the lx, 2x and 4x 

treatment groups, respectively, all exceeded these levels. 

However, since the actual peak concentrations of difloxacin in 

shrimp tissues as determined in this study are so suspect, 
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making any conclusions based on these comparisons would be 

highly questionable. 

Peak tissue concentrations are not only a function of 

dose but also a function of dosing interval. It was 

previously noted that apparently the whole body tissue t1/2 of 

difloxacin in shrimp was approximately 11.3 h, during the 

first day of elimination in the 2x and 4x treatments. Combine 

this relatively short t1/2 with a dosing interval of 24 h (the 

dosing interval used in this study) and the result is a 

significant degree of drug elimination between doses. 

Therefore, if a shorter drug interval were used (i.e., 12 h) 

the peak concentration would approximately be doubled 

(Prescott and Baggot, 1988; Ritschel, 1980; Gladtke and 

Hattingberg, 1979). Since in commercial shrimp farm 

operations, animals are typically fed more than once a day, 

additional studies with respect to difloxacin tissue 

concentrations may wish to consider incorporating multiple 

dosing intervals per day. 

CONCLUSIONS 

This study indicates that difloxacin, when incorporated 

in the diet, does have potential as a shrimp aquaculture 

chemotherapeutant but not without concerns. Palatability was 

not a problem at the Ix (100 mg/kg) dose level. However, the 
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2x and 4x dose levels did result in a reduction of 

palatability that may be further magnified at even higher 

doses. Toxicity was also not a problem at the Ix dose level. 

However, once again the 2x and 4x dose level did show 

increases in mortality attributable to toxicity. The analysis 

of whole body tissue concentrations of difloxacin in this 

study suggests that the methodology used was not satisfactory 

for shrimp. Some possible indications of difloxacin tissue 

levels in shrimp were that a tissue level dose response did 

exist in shrimp and that difloxacin may be rapidly eliminated 

from shrimp tissues. However, more reliable data with respect 

to difloxacin shrimp tissue levels would need to be obtained 

before any conclusions could be drawn. 

More information in the areas of bacterial minimum 

inhibitory concentrations (MIC) for difloxacin, specifically 

with respect to shrimp pathogens is needed. Further, 

information on the bioavailability, half-life and tissue 

accumulation in shrimp is also needed so that dosing levels 

and intervals may be appropriately modified. The 

determination of a accurate recommended dose of difloxacin 

with respect to shrimp would appear to be vital. The 

reasoning for this being that although this study did indicate 

that a 100 mg/kg dose was acceptable, it also suggested that 

a dose much higher than 400 mg/kg may not be acceptable, both 

from a palatability and toxicity point of views. 
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Table 3.1. Maximum and Average Daily Doses of Difloxacin 
during 15 day medicated feeding period. 

Number of Days Maximum 
Treatment 100 % of feed Daily 

Consumed* Dose* (mgjkg)** 

control 2.7 
100*** mgjkg 4.0 
200 mgjkg 1.3 
400 mgjkg 2.0 

* Values the mean of n=3 

o 
5 
10 
20 

Average 
Daily 
Dose* (mgjkg)** 

o 
4.0 
6.6 
13.6 

** mg of Difloxacin j kg shrimp body weight 
*** mg of Difloxacin j kg feed 
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Tahl!:! 3.2. Food Convt:fsion Ratios of Penaeid Shrimp Fed Ditloxacin Medicated Dids for a IS day period. 

Initial Final Correcl<:d Com:cteu Total Food Corrt!Ctc::d Total Food 
Treatment Tank Tank Tank Tank Weight Consumed* (g) Food Conversion 

Weight* (g) Weight* (g) Weight* (g) Increase* (g) Consumed* (g) Ratio** 

Control 266.0.iJ3.9 262.8.±.33.6 281.3.±.20.1 IS.3.±.7.0 IS1.3.±.6.9 IS3.S.±.7.9 10.0 

100*** mg/kg 256.2.±.25.5 244.3.±.25.8 267. 1.±.22.0 11.3.±.9.7 144.1.±.IS.3 lS3.S.±.12.6 13.S 

200 mg/kg 248.0.±.25.9 232.9.±S7.6 266.2.±26.2 14.7.±7.2 115.1.±20.7 122.7.±12.9 8.3 

400 mg/kg 261.5.±7.5 217.2.±.12.1 272.3.±.9.2 1O.6.±5.7 111.1.±16.0 133.6.±4.1 12.6 

>I< Values arc mt:ans of n=3 .±. standard deviation 
** Calculated as stated in It:xt 
>1<** mg of Ditloxacin / kg of feed 

Percent 
Dead 

6.7.±.11.5 

8.9.±3.8 

13.3.±13.3 
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CHAPTER 4 

PRELIMINARY STUDIES ON THE PALATABILITY, ANIMAL SAFETY, AND 
TISSUE RESIDUES OF SARAFLOXACIN IN PENAEID SHRIMP 

ABSTRACT 

The palatability, animal safety (toxicity), and tissue 

residues following 15 days of medicated feeing at 1x (200 mg 

sarafloxacin/kg of feed), Sx, lOx, and SOx the recommended 

dose level for sarafloxacin (Abbott Laboratories; North 

Chicago, IL) were evaluated with respect to penaeid shrimp. 

A statistically significant reduction (p>O. 05) in sarafloxacin 

medicated feed palatability was noted as a result of dose 

level. However, differences were not unacceptable, with 

approximately 92% of the feed being consumed in the 1x (200mg 

sarafloxacin/kg feed) and Sx treatments and 82% in the SOx 

treatment, relative to the control diet. Lower weight gains 

were also noted in higher dose groups; however, these 

differences were not significant (p>O.OS). No significant 

differences (p>O.OS) in mortalities were noted in any of the 

treatments. There were also no obvious signs of morbidity 

noted throughout the study period. However, Feed Conversion 

Ratio's (FCR) showed a marked increase at dose levels Sx, lOx 

and SOx, possibly indicating subchronic toxicity. The 

elimination of the drug from shrimp tissue was rapid with 

sarafloxacin tissue t1/2 being approximately 13.4 hours. 
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Sarafloxacin tissue levels were below detectable limits by day 

3, 7, 7, and 14 post medicated feeding in the lx, 5x, lOx, and 

SOx treatments, respectively. Peak tissue levels indicated a 

standard dose response in the lx, Sx, and lOx treatments. 

INTRODUCTION: 

Aquacul ture is a rapidly growing industry. This is 

especially true for shrimp aquaculture. Aquaculture accounted 

for approximately 7% of the world's shrimp in 1983. This 

figure had grown to 28% by 1991 and it is estimated that by 

1995 approximately 50% of the worlds shrimp production will 

come from the aquaculture industry (Rosenberry, 1992, 1991, 

1990; FAD, 1989). Currently, the united states is a minor 

contributor to the worlds production of aquacultured shrimp, 

accounting for less than 0.1% (Rosenberry, 1991). 

One of the major reasons that the United States shrimp 

aquaculture industry is so insignificant is the lack of any 

drugs which are approved for use in shrimp aquaculture. In 

aquaculture, the single largest source of economical loss is 

disease, with bacterial diseases being the most significant 

culprit (Meyer, 1991a). In shrimp, the majority of bacterial 

infections are attributable to Vibrio spp. (Lightner, 1983). 

Outbreaks of vibriosis in shrimp are potentially very 

devastating, with mortalities ranging from insignificant to 
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100% (Lightner, 1988). Unfortunately, shrimp farmers in the 

United states do not have any approved antimicrobials at their 

disposal to manage bacterial disease outbreaks. Recently, 

Mohney et ale (1992) reported the MIC's for 12 antimicrobials 

on 13 bacterial strains of shrimp pathogens, including nine 

vibrio strains. One of these antimicrobials was sarafloxacin

HCI (Abbott Laboratories; North Chicago, IL). 

For a potential antimicrobial to be effective in 

combating disease, it must not only inhibit the bacteria in 

vitro but must also be efficacious and safe to animal host in 

vivo. In aquaculture, including shrimp, a common method of 

administering a drug is via the oral route. Therefore, the 

first step in evaluating drug efficacy in an aquatic species 

would be to examine drug palatability (i.e., whether the 

shrimp will accept or reject feed that has drug incorporated 

into it). Reduced food palatability as a result of various 

feed ingredients has been demonstrated in shrimp (Holland and 

Borski, 1993; Lim and Dominy, 1990). Several researchers have 

demonstrated a dose dependant reduction in feed consumption 

among aquatic species resulting from the incorporation of 

drugs into the feed, such as oxytetracycline in brown shrimp 

(Corliss et al., 1977) and ormetoprim in catfish (Robinson et 

al., 1990; Poe and Wilson, 1989). 

When the Food and Drug administration examines a 

potential aquaculture drug for approval, two areas that must 
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be evaluated include the animal safety, and tissue residues of 

the drug (FDA, 1986a). Animal safety (i.e., toxicity) of a 

drug to the animal being treated is evaluated in order to 

establish minimum margins of safety so that slight 

miscalculation in dosing do not result in animal mortalities. 

Tissue residues on the other hand are a consumer food safety 

issue. Tissue residues are evaluated for the purpose of 

establishing minimum withdrawal times, i.e., the minimum time 

required before treated animals may be harvested post

medicated feeding to insure that no drug residues remain in 

edible tissues (Bernoth, 1991). 

The objectives of this study were three-fold and 

included; 1) to determine the levels of sarafloxacin which 

were palatable to penaeid shrimp when incorporated into their 

feeds; 2) to establish if these levels were toxic to penaeid 

shrimp and, therefore to determine their safety for shrimp 

use; and 3) to determine approximate withdrawal times of 

sarafloxacin from shrimp tissues following medicated feeding. 

METHODS AND MATERIALS: 

Test Compound 

Sarafloxacin hydrochloride (Lot# 41922AKOO) provided as 

a 5% active ingredient in a soyflour premix (Abbott 
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A non -medica ted premix 

(Lot# 30664CEOO) was also provided for use as a control. 

Experimental Animals & Aquaria Conditions 

Juvenile penaeid shrimp (Penaeus vannamei I 6-8 g animals) 

were acclimated and distributed in 90L plastic aquaria at a 

density of 19 animals per tank. Treatment selection among 

aquaria was randomized in order to minimize effect of location 

(i.e., completely randomized design). 

Tanks were provided with recirculated artificial seawater 

(19-21 ppt). Water temperature was 25±2°C and exchanged at 

approximately 50% per hour. Ammonia, nitrite, pH and salinity 

were monitored and aeration was constant. Water quality 

parameters monitored during the 15 day medicated feeding 

period and the 21 day post-medicated feeding period stayed 

wi thin acceptable ranges and are presented in Appendix B 

(Table B.1). 

All tanks were plumbed to a common biofilter. The 

biofilter was fitted with a series of charcoal canisters 

immediately before the filter medium. This minimized the 

potential for cross-contamination of drug treatments to other 

tanks and the destruction of the biofilter. 
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Feed Preparation 

Treatment diets consisted of commercially available 

ground 35% protein shrimp feed (Rangen Feed Inc.; Buhl, ID), 

appropriate levels of sarafloxacin, and 2% aquatic feed binder 

(Aquabind; Dupont, Wilmington, DE). Four levels of 

sarafloxacin medicated diets (200, 1000, 2000, & 10,000 mg 

drug/ kg feed) and two control diets (Rangen control & premix 

control) were prepared. The premix control provided an 

equivalent soyflour level in the feed to that of the highest 

drug treatment. Ingredients were mixed with 15% water and 

extruded with a Wenger X-5 laboratory size extruder (Wenger 

Co., Sabatha, KN). Extruder conditions were as follows: 1) a 

lmm round die was used, 2) screw speed was 120 rpm (setting 

4), 3) hopper speed was 25 rpm (setting 10), 4) residence 

barrel time was 55-60 sec,S) production rate was 

approximately 4 kg/h, and 6) barrel temperature was between 

90-100oC. Extruded feeds were then dried at 60°C for 24 hr 

just prior to use. All the feeds, including the Rangen 

control, were prepared as described. 

Feeding Regime/Dosing 

Each of the six diets was provided to three replicate 

tanks. Feed was provided once per day in the morning at a 
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level of 5% of cumulative tank body weight (determined on day 

o of the study). Sarafloxacin medicated diets provided 

approximately 10, 50, 100 and 500 mg of Sarafloxacin per kg 

shrimp body weight per day when all the feed was consumed. 

The 1x dose level (10 mg drug/kg body weight) for sarafloxacin 

is based on the recommended dose for oxolinic acid, a similar 

compound (i.e., quinolone), in salmon (O'Grady et al., 1986). 

Approximately 12 hours post-feeding all of the remaining feed 

was removed by siphoning and dried at 60°C for 24 hr. 

Palatability 

Remaining feed, which had been dried as previously 

described, was then weighed and subtracted from the amount of 

feed fed on that day in order to determine the actual amount 

eaten. This procedure was repeated for the 15 days of 

medicated feeding. At the termination of the 15 day period 

cumulative tank body weight was again measured. Daily feed 

intake and mean body weight changes were recorded and analyzed 

as a measure of palatability. 

Toxicity 

Each tank was monitored on a daily basis for shrimp 

mortalities and symptoms of morbidity (i.e., shrimp which were 
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extremely lethargic or had high levels of surface fouling 

and/or levels of surface lesions). Shrimp mortalities were 

recorded and dead animals removed daily. Morbid shrimp were 

noted and left until they either recovered or died. No 

attempt to examine shrimp histologically for evidence of 

toxici ty was made. Feed Conversion Ratios (FCR) were 

calculated and examined as a possible indicator of subchronic 

toxicity. FCR values were calculated as (corrected total dry 

weight of food eaten/corrected total weight increase). 

Corrected total weights W' were obtained in the manner of 

Kitabayashi et ale (1971) as 

W'= W +((Wi + Wf) / 2) X N 

where W=final total weight of survivors 

Wi=average individual initial weight 

Wf=average individual final weight 

N=number of shrimp dying in experiment. 

Corrected total dry weight of food eaten F' was calculated as 

F'= (F X 15) X (P / 100) 

where F=initial total amount of feed fed to tank 

P=average % of feed eaten during 15 day study period. 

Elimination/Residues 

Following the 15 day medicated feeding period the 

remaining animals were maintained for a 21 day clearance 
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period in which only the Rangen control diet was fed. Drug 

elimination sampling intervals were at 0, 1, 3, 7, 14, and 21 

days post termination of medicated feeding. Samples consisted 

of 2 shrimp per replicate at each time interval, which were 

immediately frozen and maintained at -80°C until analysis. 

Analvtical Procedures 

Sarafloxacin-HCL tissue levels were analyzed on a whole 

animal basis by HPLC. HPLC analysis was performed by Abbott 

laboratories as per contract agreement (Project # 63-934-62). 

The analytical system used consisted of a high performance 

liquid chromatograph, a variable UV wavelength detector (280 

nm) and an electronic integrator. The column was a 15 cm x 

4.6 rom 5 micron C18 Nucleosil (Alltech Cat. No. 89162). The 

mobile phase was an acetonitrile-buffer mix, 42% and 58% 

respectively. The buffer consisted of 1.1 gO. 01 M NaH2P04 , 

375 mg 0.005 M acetohydroxamic acid, and 2 gO. 2 % sodium 

dedocylsulfate in 1 L of water. The pH of the buffer was 

adjusted to 2.5 with 85% phosphoric acid. The flow rate was 

1 ml/min and analysis was performed at ambient temperature. 

Whole shrimp were chopped into small pieces and distilled 

water was added at a 1: 4 ratio (i. e., 1 g shrimp to 4 ml 

distilled water) and homogenized for 5 min. One ml of 0.1 N 

NaOH and 4 ml of acetonitrile were added to 5 ml aliquots of 
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homogenized tissue. This mixture was then mixed for 1 min and 

centrifuged for 15 min with a DuPont T600B centrifuge at 2000-

2500 rpm. The supernatant was decanted and 1 ml of 5 M 

phosphoric acid was added and mixed. Ten (10) ml of mobile 

phase was then added, mixed thoroughly and filtered through a 

Whatman 0.45 um filter. A 100 ul aliquot of the filtrate was 

then used for HPLC analysis. Sarafloxacin-HCl eluted in 

approximately 12 min. The overall recovery of sarafloxacin 

from spiked extracts was 75%. The limit of detection of 

parent Sarafloxacin-HCL was 0.05 ug/ml. 

statistical Analysis 

Palatability 

A completely randomized design (CRD) was used for 

treatment assignment to aquaria location. Data was analyzed 

using the general linear models procedure of NCSS (NCSS, 

1989). A standard one-way analysis of variance (ANOVA) was 

used to confirm treatment differences in both feeding rates 

and average weight gains. Significant differences were then 

separated by Duncan's Multiple Range Test (Steel and Torrie, 

1960). Results were considered significant at P~0.05. 
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Toxicitv 

Toxicity of the sarafloxacin levels tested was analyzed 

for LCso (lethal concentration). Analysis was done using the 

Trimmed Spearman-Karber method (Hamilton, 1977). The LOEC 

(lowest observable effect concentration) and NOEC (no 

observable effect concentration) for sarafloxacin were 

calculated using the "Williams test" where feasible (Williams, 

1971; 1972). The "mean survival time" of animals during the 

15 day medicated feeding period was also analyzed with 

nonparametric statistical methods (i.e., Kruskal-Wallis) 

(Freund and MacMillan, 1990) using the Number Crunchers 

Statistical Package (NCSS) (NCSS, 1987). 

Elimination/Residue 

Tissue residue data was analyzed using the general linear 

models procedure of Ness (NCSS, 1987). Differences in the 

main treatment effects of days and dose were analyzed by 

analysis of variance (ANOVA). Significant differences were 

then separated by Duncan's Multiple Range Test (Steel and 

Torrie, 1960). Results were considered significant at P~0.05. 

A linear contrast comparing treated vs. non-treated was also 

done. 
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RESULTS AND DISCUSSION: 

Palatability 

The first phase of this three phase study on sarafloxacin 

evaluated the acceptability/palatability of sarafloxacin to 

penaeid shrimp when incorporated into their diets at lx, 5x, 

lOx, and 50x the recommended dose level of the drug (IX dose 

= 200 mg sarafloxacin/kg feed). The palatability of the 

shrimp diets was measured as the amount of feed consumed over 

a 12 hr period. The shrimp were fed approximately 5% of their 

body weight once a day, on a daily basis. The average 

percents consumed over the 15 day period of the provided feed 

rations (i.e., 100% consumption would indicated that the full 

feed ration of 5% shrimp body weight was consumed) are 

presented in Figure 4.1. The raw data for this first phase of 

the study is contained in Appendix B (Table B.2). Included in 

this table are the total amounts of feed consumed by each tank 

on a daily basis (expressed as a percentage of the total 

amount of feed consumed) and the average tank weight gains 

following the 15 day medicated feeding period. 

Feeding behavior in crustaceans, including shrimp, 

consists of three steps including arousal, searching and 

control/ingestion. Compounds that affect the chemosensory 

stimulus in crustaceans have been extensively researched and 

been found to mediate all three phases of the feeding process 
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(Harpaz et al., 1987; Holland, 1985; Zimmer-Faust et al., 

1984; Carr et al., 1984; Pearson et al., 1979; Pearson and 

Ola, 1977; Ache et al., 1976). In this study it was shown 

that the amount of feed consumed by shrimp was significantly 

(p>0.05) affected by the addition of sarafloxacin into the 

feed (Figure 4.1). Results indicate an inverse relationship 

between feed consumption and the level of sarafloxacin 

incorporated in the diet. This was illustrated by the 

decreasing feed consumption rates with increasing sarafloxacin 

dose levels. It should be noted that it is the sarafloxacin 

itself that is the cause for the reduced palatability and not 

the carrier premix since the premix control showed no 

reduction in palatability, but instead a slight increase. 

Reduced food palatability as a result of feed ingredients has 

been demonstrated in shrimp (Holland and Borski, 1993; Lim and 

Dominy, 1990). The phenomenon of reduced feeding rates by 

aquatic species as a related to the incorporation of an 

antimicrobial agent in the diet is not new. Several 

researchers have demonstrated a dose dependant reduction in 

feed consumption among aquatic species resulting from the 

incorporation of drugs into the feed, such as oxytetracycline 

in brown shrimp (Corliss et al., 1977) and ormetoprim in 

catfish (Robinson et al., 1990; Poe and Wilson, 1989). 

However, in the case of sarafloxacin, when the amount of feed 

consumed by the treatment groups is compared to the 
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consumption rate of the control diet (Figure 4.2), the 

decrease in feeding, although statistically significant, does 

not appear to be entirely unacceptable. This is especially 

apparent for the dose levels of 1x (200 mg/kg) and Sx (1,000 

mg/kg), where approximately 92.1% and 91.9% of the feed was 

consumed, respectively, relative to the control diet. Even at 

the highest dose level of SOx (10,000 mg/kg), approximately 

82% of the feed was still consumed. 

An additional point of interest was noted at the onset of 

the palatability study. Initially all treatment groups 

consumed 100% of the feed ration provided. However, with the 

progression of the study the amount of feed consumed 

diminished in all treatments evaluated. A comparison of the 

length of time where the feed ration was consumed at 100%, 

reveals that control animals maintained the 100% feeding rate 

for the longest period of time, i.e. a mean of 3.7 days (n=3), 

and that this time period shortens slightly with increasing 

dose levels (Table 4.1). The SOx (10,000 mg/kg) had the 

shortest period overall with 1.3 days. However, these 

differences were not statistically significant (p>O.OS). 

Average weight gain patterns correlated well with feed 

consumption data for the 15 day study period, where the same 

inverse relationship was observed. This was demonstrated by 

the lower weight gains of shrimp exposed to the higher 

sarafloxacin dose levels for the 15 day feeding period (Figure 
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4.3). Lower gains, and even weight losses were demonstrated 

in studies with ormetoprim in catfish (Robinson et al., 1990; 

Poe and Wilson, 1989). This would stand to reason, since 

those animals which did not consume as much feed (i.e., the 

higher dose levels) would not gain as much weight (Lim and 

Dominy, 1990). However, for the measurement of weight gain, 

none of the differences were statistically significant in this 

study (p>0.05). 

Toxicity 

The second phase of this study dealt with the toxicity of 

sarafloxacin to penaeid shrimp, Penaeus vannamei. Animal 

safety, measured as potential toxicity, of sarafloxacin was 

evaluated by observing the mortality/morbidity of shrimp 

during the 15 day medicated feeding period. The average 

cumulative percents survival at the end of the 15 day 

medicated feeding period are presented in Figure 4.4. The raw 

data for phase two of the study is listed in Appendix B (Table 

B.3) and contains the daily recorded mortalities for 

individual tanks. 

The effect that a drug has on the diseased or healthy 

animal during the treatment period is an important 

consideration. In order for an antimicrobial to be useful, 

the therapeutic range of the drug must be below the toxic 
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range for the host. An ideal drug would have a large margin 

of safety, i. e., doses well above recommended ones would still 

be below the toxic threshold of the host. An example of this 

in shrimp is oxytetracycline where doses 10-fold higher than 

the recommended dose showed to obvious signs of toxicity 

(Takahashi et al., 1985; Corliss, 1979; Corliss et al., 1977). 

In contrast, a compound with a narrow margin of safety would 

not be desirable, since a small miscalculation in dose could 

result in a more serious toxicity problem than the disease 

being treated. 

The evaluation of animal safety/toxicity was achieved by 

monitoring mortality and or morbidity of shrimp during the 

medicated feeding period. Individual tank mortalities were 

recorded on a daily basis and the overall survival rate for 

each tank during the 15 day period was calculated. The 

toxicity of sarafloxacin was to be analyzed for LCso (lethal 

concentration). However, analysis of LC50 requires that at 

least one dose group have a mortality rate between 50-80% and 

another dose group with a mortality rate between 30-50% 

(Hamilton, 1977). An examination of Figure 4.4 shows that 

mortal was very low in all treatments, and thus neither of 

these conditions were salified. 

Analysis for LOEC and NOEC by the "Williams test" showed 

no significant differences (p>0.05) in average survival rates 

existed between any of the treatment groups. In all 
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treatments survival was high (i.e., mortality was low), with 

the highest survival rate of 96.5% occurring in the control 

group. The premix control, Ix (200 mg/kg), and 50X (10,000 

mg/kg) dose groups all followed closely with survival rates of 

93.0% (Figure 4.4). 

Freund and MacMillan (1990) suggests that the examination 

of survival with respect to time (i.e., survival time) rather 

than the total percent survival is often a better measure of 

antibiotic efficacy. In Figure 4.5, it would in fact appear 

that a lower survival rate does occur in the 1000 mg/kg and 

2000 mg/kg treatments. However, this trend does not exist in 

the 10,000 mg/kg treatment, in which animals received 

approximately 5 and 10 times the average dose the previous 

treatments, respectively. Therefore, there does not appear to 

be any substantial trend in the mortality rate of tank 

populations with respect to time during the 15 day medicated 

feeding period, regardless of the treatment used. 

The systemic stress caused by subchronic toxicity of a 

compound is often characterized by a reduction in weight gain 

that is independent of feeding rate, i.e., shrimp consume the 

same amount of feed but gain less weight (Mayer et al., 1979). 

Earlier it was noted that lower weight gains resulted with the 

higher dose levels. However, it was also noted that the 

feeding rates correlated well with the weight gain data in 

that less feed was consumed in the higher dose groups. This 
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would seem to indicate that no subchronic toxicity existed. 

A closer inspection of this data, i. e., by examining Food 

Conversion Ratios (FCR) (Table 4.2), reveals that a less 

efficient conversion of feed by shrimp (conversion ratios were 

higher) resulted with the higher dose levels thus indicating 

that indeed a dose dependant subchronic toxicity may have 

existed. 

Morbidity was also monitored as a possible indicator of 

subchronic toxicity throughout the 15 day study period, and it 

was defined as one or more of the following; behavioral 

changes, extreme lethargy, high degree of surface fouling, 

and/or abnormal levels or kinds of surface legions. There 

were no obvious signs of morbidity noted in any of the 

treatments throughout the study period. 

Phase 

elimination 

Elimination/Residue 

three of the 

(post the 

study determined 

15 day medicated 

the rates 

feeding) 

of 

of 

sarafloxacin from shrimp tissues. Tissue levels in shrimp 

were analyzed up to 21 days post the termination of medicated 

feeding on a whole body basis by HPLC. The average whole body 

tissues levels during the elimination period are presented in 

Figure 3.6. The raw data for individual animal body tissue 

levels of sarafloxacin are found in Appendix B (Table B.4). 
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Shrimp tissue levels of sarafloxacin were determined for 

days 0, 1, 3, 7, 14, and 21 following the discontinuation of 

medicated feeding. The tissue level dose response. was 

significant (p>O. 05), in that an increase in sarafloxacin 

tissue levels did result from an increase in dose level, as 

illustrated in Figure 4.6. Average daily doses of 

sarafloxacin were calculated from feed consumption data (Table 

4 • 1) • When the average daily dose (Table 4. 1) for the 

treatments is compared to the peak tissue concentrations 

(Figure 4.6), a standard dose response is noted for the lx, 

Sx, and lOx dose levels. However, for the SOx treatment a 

lower tissue level than expected was noted, thus possibly 

indicating that saturation had occurred at this drug level. 

The daily decreases in sarafloxacin tissue levels was 

significant (p>O.OS). The elimination of sarafloxacin from 

shrimp tissue was rapid in all treatments. The whole body 

tissue half-life (t1/2) of sarafloxacin was approximately 13.4 

hr. This is a relatively short t1/2 when compared to 

pharmacokinetic studies of other quinolones in finfish. 

Kaz~aki et al. (1992) found serum tl/2 of 46 and 63 hrs for 

nalidixic acid in trout and salmon, respectively. Studies on 

oxolinic acid in salmon and rainbow trout have found serum 

t1/2 following intravenous injections ranging from 24-80 hr 

(Bjorklund et al., 1992; Hustvedt et al., 1992a, 1992b; 

Noriko, 1992; Bjorklund and Bylund, 1991). One reason for 



107 

this apparent large variation in serum t1/2 in these studies 

is due to the effect of different water temperatures, with 

lower temperatures resulting in longer t1/2 (Hustvedt et al., 

1992a; Bjorklund et al., 1992). Muscle tissue t1/2 in rainbow 

trout was also found to vary from 2 days to 6.7 days depending 

on temperature (Bjorklund et al., 1992). 

Enrofloxacin, a fluoroquinolone like sarafloxacin, had 

serum t1/2 of 55, 56, and 42 hrs for the oral doses of 5, 10, 

and 50 mg/kg body weight in fingerling rainbow trout and found 

that t1/2 were longer with lower water temperatures (Bowser et 

al., 1992). Therefore, one possible explanation for the very 

short t1/2 of sarafloxacin in shrimp is that shrimp are 

cuI tured at much higher temperatures than the cold water 

species of salmon and trout. However, it is also very likely 

that the t1/2 of sarafloxacin in shrimp would also change as 

a result of altering water temperature. After only 3 days no 

sarafloxacin was evident in the lowest treatment group of 200 

mg/kg. All treatments, including SOx (10,000 mg/kg) were 

below detectable assay limits by day 14 of the withdrawal 

study with treatments 5x (1000, mg/kg) and lOx (2000 mg/kg) 

being below detectable limits by day 7. This rapid drug 

elimination in shrimp corresponds to findings for other drugs 

in warm water aquatic species, i.e. oxytetracycline in Penaeus 

setiferus (Corliss, 1979), sulfadimethoxine (Squibb et al., 
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1988) and ormetoprim (Plakas et al., 1990) in channel catfish 

(Ictalurus punctatus). 

Vibriosis is the most common disease syndrome which 

occurs in shrimp. Martinsen et ale (1991) reported MIC's of 

sarafloxacin for Vibrio anquillarum and V. salmonicida ranging 

from a low of 54 ng/ml to a high of 320 ng/ml. The maximum 

tissue concentration of 364 ng/g (ppb) in the Ix treatment 

(200 mg/kg) would thus appear to be acceptable in the 

treatment of these vibrio species (Figure 4.6). However, 

these vibrio species are not primary pathogens in shrimp. 

Mohney et ale (1992) reported the MIC's for 12 antimicrobials 

on 13 bacterial strains of shrimp pathogens, which included 

nine vibrio strains. For the six non-vibrio shrimp bacterial 

pathogens, reported MIC's for sarafloxacin ranged from 80 to 

300 ng/ml (ppb) thus falling below the peak tissue level of 

the Ix (200 mg/kg) dose level. On the other hand, the MIC's 

for the nine vibrio strains were generally higher. The MIC's 

for three of the vibrio strains, including V. vulnificus, V. 

damsel a , and V. parahaemolyticus, were reported as 80, 80, and 

150 ng/ml, respectively. However, the remaining six vibrio 

strains were reported to have MIC's ranging from 650 to 2500 

ng/ml. The MIC of 2500 ng/ml was reported for all three 

strains of V. alginolyticus tested, which is a fairly common 

shrimp pathogen. Thus, for these six vibrio strains the Ix 

(200 mg/kg) treatment would appear to be of little use. Peak 
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tissue levels for the 5x (1000 mg/kg), lOx (2000 mg/kg), and 

SOx (10,000 mg/kg) dose levels were 1422, 3076, and 8519 ng/g, 

respectively. Therefore, a dose of 5x or even lOx may need to 

be considered in order to achieve a therapeutic tissue level 

for all species of Vibrio which might be encountered in shrimp 

aquaculture. 

Peak tissue concentrations are not only a function of 

dose but also a function of dosing interval. It was 

previously noted that the whole body tissue t1/2 of 

sarafloxacin in shrimp was approximately 13.4 hrs. Combine 

this relatively short t1/2 with a dosing interval of 24 hrs 

(the dosing interval used in this study) and the result is a 

significant degree of drug elimination between doses. 

Therefore, if a shorter drug interval were used (i. e., 12 

hours) the peak concentration would approximately be doubled 

(Prescott and Baggot, 1988; Ritschel, 1980; Gladtke and 

Hattingberg, 1979). In a commercial shrimp farm operation, 

animals are typically fed more than once a day, so the 1x 

level could, in theory, provide therapeutic levels. However, 

it should also be noted that peak tissue levels are "whole 

body" and therefore contain the midgut. Although this may be 

appropriate when evaluating tissue residues from a food safety 

stand point, it may not be so when evaluating tissues for a 

therapeutic dose due to the possibility that observed levels 
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may artificially be high as a result of unabsorbed drug still 

being present in the gut. 

CONCLUSIONS 

This study indicates that sarafloxacin, when incorporated 

in the diet, has good potential as a shrimp aquaculture 

chemotherapeutant. Neither palatability nor toxicity was an 

obvious problem, even at SOx the recommended dose level. The 

elimination of sarafloxacin from shrimp tissue was rapid and 

would likely require relatively short withdrawal times. 

However, information in the areas of drug bioavailability, 

half-life and tissue accumulation in shrimp is needed so that 

dosing levels and intervals may be appropriately modified in 

order to insure that diseased shrimp in normal aquaculture 

settings will receive a therapeutic dose. 
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Table 4.1. Maximum and Average Daily Doses of Sarafloxacin 
during 15 day medicated feeding period. 

Number of Days Maximum 
Treatment 100 % of feed Daily 

Consumed* Dose* 
(mg/kg)** 

Control 3.7 0 

Premix Control 2.7 0 

200*** mg/kg 3.3 10 

1000 mg/kg 3.3 50 

2000 mg/kg 3.0 100 

10,000 mg/kg 1.3 500 

* Values the mean of n=3 
** mg of sarafloxacin / kg shrimp body weight 
*** mg of srafloxacin / kg feed 

Average 
Daily 
Dose* 
(mg/kg)** 

o 

o 

7.1 

35.3 

64.9 

318 
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Table 4.2. Food Conversion Ratios of Penaeid Shrimp Fed Sarafloxacin Medicated Diets for a 15 day period. 

Initial Final Corrected Corrected Total Food Corrected Total Food 
Treatment Tank Tank Tank Tank Weight Consumed* (g) Food Conversion 

Weight* (g) Weight* (g) Weight* (g) Increase* (g) Consumed* (g) Ratio** 

Control 134.7±9.7 146.5±3.4 151.8±11.6 17.1±13.9 77.0±5.3 77.6±5.2 4.5 

Premix Cnlrl 123.5±5.8 135.2±8.7 140.0±11.3 16.5±6.2 76.5±3.8 76.9±4.0 4.7 

200*** mg/kg 134.1±6.5 143.2±13.1 153.9±9.4 19.8+2.5 70.4±3.2 71.0±3.8 3.6 

1000 mg/kg 132.7±4.7 124.4±8.3 138.9±6.3 6.3±8.7 67.4.±3.1 70.2.±2.5 11.1 

2000 mg/kg 139.7±6.2 130.4.±29.2 147.3±12.2 7.6±6.6 65.1+5.2 67.8±3.0 8.9 

10,000 mg/kg 131.0±8.5 128.3.±8.7 137.9±12.4 6.9.±3.9 62.1.±4.3 62.7.±4.3 9.1 

* Values are means of n=3 ± standard deviation 
** Calculated as stated in text 
*** mg of sarafloxacin / kg of feed 
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Figure 4.6. Whole Body Tissue Residues of Sarafloxacin in 
Penaeid Shrimp Following 15 Days of Medicated 
Feeding~ 
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CHAPTER 5 

EXPLORATORY BIOAVAILABILITY AND PHARMACOKINETIC STUDIES ON 
SULPHADIMETHOXINE AND ORMETOPRIM IN PENAEID SHRIMP 

ABSTRACT 

The pharmacokinetics and bioavai1ability of 

sulphadimethoxine (SDM) and ormetoprim (OMP) following 

simultaneous administration in penaeid shrimp were examined. 

Hemolymph concentration verses time data for SDM (42 mg/kg 

injection) was fitted by a two compartment model. SDM 

parameter estimates for systemic body clearance (CLs), steady 

state volume of distribution (Vss), terminal phase half-life 

(t1/2) were 194 ml/kg*h, 1735 ml/kg, and 6.9 h, respectively. 

Plasma protein binding of SDM was 5.2%. The bioavailability 

of SDM was 30%. The peak concentration (Cmax) and time of 

peak concentration (Tmax) of SDM following a single oral dose 

of 210 mg/kg was 14 ug/ml at 4 h post dosing. Distribution to 

muscle tissue was rapid. The hemolymph, muscle, and 

hepatopancreas contained 6.0%, 9.3%, and 2.9% of the available 

oral dose 2 h post administration. Elimination of SDM from 

hemolymph and muscle was rapid and they were below detectable 

levels post 48 h. 

Hemolymph concentration vs. time data for OMP (8.6 mg/kg 

injection) was fitted by a two compartment model. OMP 

parameter estimates for CLs, Vss, terminal phase half-life 
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were 2045 ml/kg*h, 25,442 ml/kg, and 11.5 h, respectively. 

Plasma protein binding of OMP was 12.1%. The bioavailability 

of OMP was 38%. The Cmax and Tmax of OMP following a single 

oral dose of 42 mg/kg were 0.45 ug/ml and 0.67 h, 

respectively. OMP was rapidly distributed to muscle tissue 

and concentrated relative to the hemolymph. The hemolymph, 

muscle, and hepatopancreas contained 0.5%, 2.8%, and 20.2% of 

the available oral dose 2 h post administration. Elimination 

of OMP from all tissues was rapid and was and below detectable 

levels in the muscle and hemolymph post 24 h. 

INTRODUCTION: 

Currently, in the united States there are only two 

antimicrobials approved for use in aquaculture. 

Oxytetracycline (OTC) was the first antimicrobial approved, 

1970, by the Food and Drug Administration (FDA) for use in 

trout and catfish aquaculture in the treatment of certain 

bacterial diseases. Studies examining the uptake and 

depletion of OTC in finfish tissues have been reported (Plakas 

et al., 1988; Ingebrigsten et al., 1985; McCracken et al., 

1976; Herman et al., 1969; Salte and Liestol 1983; Fribourgh 

et al., 1969a, 1969b). The use OTC in crustacean aquaculture 

has also proven beneficial (Aquacop, 1977; Lightner, 1977, 

1983; Mock, 1985; Takahashi et al., 1985; Bell and Lightner, 
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1987). In the United states, OTC has been approved for use in 

medicated feeds in lobster holding facilities (FDA, 1986b). 

Japan has approved the use of OTC in penaeid shrimp (Sano and 

Fukada, 1987). Much of the work required for OTC approval by 

the FDA for penaeid shrimp has also been completed (Corliss, 

1979; Corliss et al., 1977; Williams and Lightner, 1988). 

The second antimicrobial that received FDA approval for 

use in catfish and trout culture was Romet-30 (Hoffman-La 

Roche Inc.; Nutley, N.J.) (Herman and Bullock, 1986). Romet-

30 is a 5: 1 combination of sulphadimethoxine: ormetoprim. This 

combination has been found to be effective in the treatment of 

a variety of catfish and trout bacterial pathogens (Bowser et 

al., 1987; Plumb et al., 1987; Bullock et al., 1983a; Bullock 

et al., 1983b; Bullock et al., 1974). 

The pharmacokinetics and tissue disposition of 

sulphadimethoxine has been studied in catfish (Squibb et aI, 

1988), trout (Kleinow et al., 1991; Kleinow and Lech, 1988), 

and the american lobster (James and Barron, 1988; Barron et 

al., 1988). The pharmacokinetics of ormetoprim has also been 

characterized in trout (Droy et al., 1989) and catfish (Plakas 

et al., 1990). 

Recent studies have 

(sulphadimethoxine:ormetoprim) 

indicated that Romet-30 

has potential as a shrimp 

aquaculture antimicrobial (Mohney et al., 1992; Williams et 

al., 1992). The present study examines the pharmacokinetics 
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and bioavailability of sulfadimethoxine and ormetoprim in the 

penaeid shrimp, Panaeus vannamei. 

METHODS AND MATERIALS: 

Test Compounds 

Sulfadimethoxine (SOM) and ormetoprim (OMP) was 

simultaneously used in a 5:1 wt/wt ratio and was obtained from 

Hoffman-La Roche Inc. (Nutley, N.J.). These drugs were 

administered ei ther as pure compounds ( SOM g g .4% active 

ingredient, Lot# 122-11-2; OMP 100% active ingredient Lot# 

167035) mixed in the feed for oral groups or in a 10% 

parenteral injectable formulation (VJR-12535-141) , provided by 

Hoffman-La Roche, for the intra-sinus (IS) groups. 

Experimental Animals & Aquaria Conditions 

Juvenile/subadult penaeid shrimp (Panaeus vannamei, 17-22 

g animals) were acclimated and individually distributed into 

gOL aquaria (i.e., 1 animal per tank with the exception of 

control group animals which where distributed at a stocking 

density of 3 animals per tank). Tanks were provided with 

recirculated artificial seawater (20-23 ppt). Water 

temperature was 26 ± 1°C. Ammonia, nitrite, pH and salinity 



123 

were monitored and are presented in Appendix C (Table C.l) and 

aeration was constant. All tanks were plumbed to a common 

biofilter. The biofilter was fitted with a series of charcoal 

canisters immediately before the filter medium. This 

minimized the potential for cross-contamination of drugs to 

other tanks and the destruction of the biofilter. 

Dosing Regimes 

Prior to administration of the drug, all shrimp were not 

fed for a 48 h period. Maintenance feeding, at an approximate 

rate of 2-3% shrimp body weight, was restarted 24 h post

dosing and continued once a day for the duration of the study. 

Oral dosing was achieved for 48 shrimp by feeding 

approximately 0.5% of the shrimp's body weight of 8DM/OMP 

(drug) spiked feed in a single dose at a combined drug level 

of 252 mg/kg (drug/shrimp body wt) for approximately 10 min •• 

At the end of this 10 min. period, sampling was initiated and 

any remaining uneaten feed was removed by siphoning, dried (24 

hr @ 45°C), weighed, and actual oral dose per animal 

calculated. The average oral dose for the 48 shrimp was used 

for bioavailability calculations. 

Oral diet formulation consisted of dried squid meal 

(which included menhaden oil) and the appropriate combined 

level of 8DM and OMP to achieve a feed concentration of 50,400 
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This feed concentration achieved the 

desired 252 mg/kg (drugs/shrimp body wt) combined drug dose 

level when the 0.5% feeding rate was used. Ingredients were 

mixed with 15% water and extruded with a Wenger X-5 laboratory 

size extruder (Wenger Co., Sabatha, KN). Extruder conditions 

were as follows: 1) a 1mm round die was used, 2) screw speed 

was 120 rpm (setting 4), 3) hopper speed was 25 rpm (setting 

10), 4) residence barrel time was 55-60 sec,S) production 

rate was approximately 4 kg/h, and 6) barrel temperature was 

between 90-100oC. Feed was then dried at 45°C for 24 h prior 

to use. 

Intra - sinus ( IS ) dosing of SDM: OMP (drugs) was 

administered to 44 shrimp at a dose level of 50 mg/kg 

(drugs/body wt). The 10% parenteral formulation contained 

83.15 mg/ml SDM and 17.18 mg/ml OMP and thus a 10 ul injection 

was required to achieve the desired dose level for a 20 g 

shrimp. 

A commercially available control diet (35% protein shrimp 

feed; Rangen Feed Inc., Buhl, ID) was given to 12 animals 

during the study period. This same diet was used for oral and 

IS animals for both pre- and post-dosing. 
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Sample and Tissue Collection 

Sampling intervals for the IS treatment group were at 0, 

0.25. 0.5, 1, 2, 4, 8, 24, 48, 96 and 120 h post-dosing. Oral 

sampling periods were at 0, 0.25, 0.5, I, 2, 4, 8, 24, 48, 96, 

120, and 168 h post-dosing. Control group sampling was at 0, 

24, and 120 h. 

At each sampling period a total of 4 animals (reps) were 

sacrificed and tissues sampled. Hemolymph (blood) samples 

were taken immediately from the ventral sinus cavity and/or 

heart, attempting to remove as much of the hemolymph as 

possible with a 3ml syringe fitted with a 27 gauge needle. N

ethylmalaimide (Sigma Chemicals; St. Louis, MO; Lot# 80H0435) 

was used as the shrimp hemolymph anticoagulant. It was added 

to the syringe, at an approximate concentration of 50 mg N

ethylmalaimide per ml of hemolymph. Other tissues sampled 

included tail muscle (shell and midgut removed), and 

hepatopancreas. All tissues were removed and weighed. 

Hemolymph and tissue samples were then frozen and maintained 

at -80°C until processed for HPLC analysis. 

Plasma protein binding was determined prior to freezing 

on orally dosed animals at 6, 10, 12, and 18 h by 

ultrafiltration, using the Amicron Centrifree Micropartition 

System (Amicron Corp., Danvers, MA). A 0.5 ml aliquot was 

used and centrifuged at 1000 x g for 10 min at 25°C 
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(International Clinical Centrifuge, Model CL: Needhans HTS., 

Mass. ) • The resulting 0.15 ml protein-free filtrate was 

frozen (-80°C) and later analyzed by HPLC for parent 

compounds. The binding was calculated from the fraction of 

the drug in the ultrafiltrate. 

Analytical Procedures 

Sulphadimethoxine and ormetoprim levels were 

simultaneously determined in shrimp tissues (i.e., hemolymph, 

and muscle) by HPLC. HPLC analysis was performed as per 

contract agreement by Hoffman-La Roche laboratories. The HPLC 

system used consisted of a Model 590 Waters pump, a model 738A 

Applied Biosystems detector (288 run), a WISP model 712 

(Waters) injector, and a Maxima 820 datasystem (Waters). The 

column was a stainless steal u Porasil, 3.9 mm x 30 cm 

(Waters). The mobile phase was chloroform: methanol : water 

: ammonium hydroxide (500:14:1:0.3). The overall recovery of 

both sulphadimethoxine and ormetoprim was at least 80%. The 

lower limit of detection of parent drug for both compounds was 

0.05 ug/ml. 

Hemolymph was thawed and vortexed prior to sampling to 

insure homogeneity. Sulphadimethoxine and ormetoprim were 

extracted from 1 ml of hemolymph into methylene chloride after 

the addition of 1.0 ml pH 10 buffer solution and 125 ul 0.4 M 
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tetrabutylammonium hydroxide. The sample was centrifuged 

(Model B-20A, Damon/IEC Division) at 3300 x g for 10 min at 

10cC and the aqueous layer was aspirated off. A 3.0 ml sample 

of the methylene chloride was removed for HPLC analysis. The 

injection volume was 400 ul. The flow rate was 2 ml/min with 

analysis being performed at 45 CC. Total run time was 10 min 

with sulphadimethoxine and ormetoprim eluting at approximately 

5.6 and 8.4 min, respectivley. 

Muscle tissue was thawed and thoroughly mixed and mashed 

by hand in a 6 oz Whirl-Pak plastic bag (Nasco) • 

Sulphadimethoxine and ormetoprim were extracted from a 2.5 g 

sample of muscle into 10 ml methylene chloride after the 

addition of 1.0 ml pH 10 buffer solution, 0.5 ml 1.0 N sodium 

hydroxide, and 250 ul 0.4 M tetrabutylammonium hydroxide. 

The muscle sample was then homogenized with a Polytron 

Homogeni z er , fit ted with a 1 cm diameter probe ( Br inkmann 

Instruments). Following centrifugation (Model B-20A, 

Damon/IEC Division) at 11,850 x g for 10 min at 10cC the 

aqueous layer was aspirated off. The remaining methylene 

chloride layer was added to 1.5 g anhydrous sodium sulfate. 

This was briefly shaken by hand and recentrifuged at 3300 x g 

for 3 min at 10c C. A 400 ul volume of the methylene chloride 

was used for injection. The flow rate was 2 ml/min with 

analysis being performed at 30cC. Total run time was 13 min 
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with sulphadimethoxine and ormetoprim eluting at approximately 

4.6 and 6.8 min, respectivley. 

Pharmacokinetic Analysis 

IS and oral hemolymph concentration vs. time data for 

both SDM and OMP were individually fitted with ADAPT II 

(D'Argenio and Schumitzky, 1992). Pharmacokinetic data were 

estimated according to standard methods (Gibaldi and Perrier, 

1982; Rowland and Tozer, 1989). Apparent bioavailabilities 

(F) for SDM and OMP were calculated on the basis of area under 

the plasma concentration-time curves for both routes of 

administration according to the formula: 

F = « AUCora1 X DoseIs ) / (AUCIs X Doseorad) Xl 0 0 

RESULTS AND DISCUSSIONS: 

This study evaluated the pharmacokinetics of 

sulphadimethoxine (SDM) and ormetoprim (OMP) following the 

simultaneous administration of these drugs intra-sinuously 

(IS) and orally in a 5: 1 wt:wt ratio. Appendix C contains the 

tissue weights and hemolymph concentrations for individual 

animals in the IS (Table C. 2 ) and oral (Table C. 3 ) dose 

groups. For the purpose of this study, the results of each 

drug will be discussed separately. 
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Sulphadimethoxine 

The hemolymph concentrations of SOM following an IS 

injection (dose of approximately 42mg SOM/kg shrimp body 

weight) exhibited a biexponential decay, thus being fitted by 

a two compartment model (Figure 5.1). The plasma 

concentration (Cp) as a function of time (t) was represented 

by the following equation: 

Cp=40 • 2e-1. 739t+ 19. 4e-O.1009t 

Pharmacokinetic parameters for the single IS dose are 

listed in Table 5.1. The t1/2's for the distribution (ta
1/2) 

and elimination (tB 1/2) phases of the plasma curve were 0.4 and 

6.9 h, respectively (Table 5.1). Equilibration on SOM into 

the peripheral compartment was rapid, as indicated by the 

short distribution t1/2. The elimination t1/2 was also very 

short. Likewise, lobsters, catfish and trout all exhibited 

two compartment models for SOM as well. The t a
1/2 and tB1/2 were 

1.96 hand 71.5 h in male lobsters (Barron et al., 1988; James 

and Barron, 1988), 0.06 and 12.8 h in catfish (Squibb et al., 

1988) and 0.63 and 17 h in trout (Kleinow et al., 1992; 

Kleinow and Lech, 1987). 

Some researchers have suggested that differences in SOM 

pharmacokinetic parameters between species may be explained by 

differences in anatomical volumes and plasma protein binding 

(Oie and Tozer, 1979). Two such volume differences between 
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crustaceans and finfish are the shell and hemolymph volumes. 

The shell is a structure that is not present in finfish. The 

shell has been demonstrated to be a site of drug disposition 

in crustaceans (Barron et al., 1991; James and Barron, 1988; 

and Barron et al., 1988) • The volume of hemolymph in 

crustaceans as compared to other animals is another area of 

great difference. In crustaceans, hemolymph (blood) volumes 

are approximately 22% of the total body weight (Barron et al., 

1988) as compared to finfish species where blood volume 

comprises approximately 5% (Plakas et al., 1988) of the total 

body weight. James and Barron (1988) suggested that the long 

t1/2 of SDM in lobsters as compared to other species may thus 

in part be due to the larger volumes of distribution in 

lobster. However, this explanation by itself does not appear 

to be the case in shrimp, where the t1/2 was one tenth of that 

in lobster and half that of trout and catfish, but in 

contrast, shrimp apparently have the largest volume of 

distribution (Table 5.2). 

The rate of clearance of a drug from an animal is another 

factor that influences t1/2. The elimination of SDM from 

shrimp hemolymph, i.e., systemic body clearance (CLs) was 194 

ml/kg*h (Table 5.1). In comparison to other species, the CLs 

in shrimp is very high. For example, the CLs in several 

mammalian species (dog, rabbit, pig, cat) ranges from 11-26 

ml/kg*h (Righter et al., 1979; Ladefoged, 1978; Baggot et al., 
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1976; Baggot, 1977). In trout SDM CLs is 21.8 ml/kg*h 

(Kleinowet al., 1992) while in the lobster it is 13.9 ml/kg*h 

(Barron et al., 1988). A direct comparison between lobsters 

and shrimp using the basic relationship of between half-life 

(tl/2), volume of distribution (V), and systemic clearance 

(CLs) expressed as: 

tl/2= (0.693*Vd)/CLs 

reveals that if the Vd were the same (lobster=1369, 

shrimp=1735 ml/kg) in both species and that CLs was 

approximately lOx higher in shrimp vs. lobster (shrimp=194, 

lobster=13.9 ml/kg*h) the t1/2 of SDM in shrimp should be 

approximately 1/10 that in lobster as is the case (Table 5.2) • 

As previously mentioned, differences in the plasma 

protein binding characteristics between species, which have 

been shown to vary widely among aquatic species (Guarino, 

1986), may also account for differences in pharmacokinetic 

values. An inverse relation between volumes of distribution 

and plasma protein binding (i.e., decreased plasma protein 

binding equals increased extravascular distribution) has been 

demonstrated in mammalian species (Oie and Tozer, 1979; 

Ladefoged, 1978). This seems to be the case in shrimp where 

the volume of distribution of the central compartment (Vc) is 

701 ml/kg compared to 1034 ml/kg for the peripheral 

compartment (Vp) (Table 5.1) and we note that plasma protein 

binding of SDM in shrimp was very low (i.e., % free SDM was 
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very high), being approximately 5% (Table 5.3). Plasma 

protein binding in trout was also low (approximately 17%) and 

the same trend of increased extravascular distribution was 

noted as illustrated by the Vp (274 ml/kg) being higher than 

the Vc (148 ml/kg) (Kleinow et al., 1992). In contrast, 

plasma protein binding was significantly higher in lobster 

(53%) where the Vp (769 ml/kg) and Vc (700 ml/kg) were 

approximately equal (Barron et al., 1988). The low protein 

binding of SDM in trout was suggested to facilitate 

elimination, i.e., shorter t1/2, (Kleinow and Lech, 1988). 

However, SDM has an intermediate volume of distribution in 

trout, and thus t1/2 is moderately affected by plasma protein 

binding. On the other hand, the volume of distribution in 

shrimp is large and therefore t1/2 will not be affected by 

changes in plasma protein binding (Oie and Tozer, 1979). 

The plasma concentration curve following a single oral 

dose ( 210 mg Ikg) is presented in Figure 5. 1. Hemolymph 

concentrations peaked (Tmax) at approximately 4 h with the 

peak concentration (Cmax) being approximately 14 ug/ml. The 

elimination of SDM post Cmax was monoexponential. 

Pharmacokinetic parameters obtained from modeling the oral 

dose are presented in Table 5.4. The values presented in this 

table are those estimates calculated by the method of 

residuals procedure (Gibaldi and Perrier, 1982). The reason 

for this is that computer analysis, with the pharmacokinetic 
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software ADAPT II, produced absorption and elimination 

constants that were virtually identical. The resulting curve 

did not model the data well. Further computer analysis 

suggested that the absorption constant behaved more like a 

constant infusion rate. Kleinow et ale (1992) commented that 

free SDM (the form used in this study) has a lower solubility 

than the sodium form of SOMe This lower solubility may have 

resulted in a sustained dissolution of SOM, which in turn 

behaved more like a constant infusion rather than a bolus oral 

dose. The bioavailability of SOM in shrimp was 30%. This is 

comparable to the bioavailabilities of free form SOM in trout 

(Kleinowet al., 1992) and catfish (Squib et al., 1988) (Table 

5 .2). However, increases in SOM bioavailabili ty were noted in 

catfish and trout with the use of the sodium form of SOM and 

may be possible in shrimp as well (Table 5.2) (Guarino et al., 

1988) • 

Sulphadimethoxine (SOM) was distributed quickly to the 

tail muscle of shrimp following the single oral dose of SDM 

(210 mg/kg) (Figure 5.2). Mean muscle tissue levels exceeded 

hemolymph levels at 10 min post dosing. Equilibration of SDM 

in muscle tissue levels was rapid, with peak concentrations 

(12 ug/g) being achieved by 2 h post oral dosing and being 

maintained at that approximate concentration through 8 h post 

dosing (Figure 5.2). Tissue concentrations of hemolymph, 

muscle, and hepatopancreas at 2, 4, and 8 h post oral dosing 
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are listed in Table 5.5. The hepatopancreas had the highest 

SDM concentrations, thus appearing to concentrate the drug. 

The concentration of chemical compounds in the crustacean 

hepatopancreas is not surprising and is consistent with 

findings for SDM in lobster (Barron et al., 1988; James and 

Barron, 1988) and triclopyr in crayfish (Barron et al., 1991). 

The percent of SDM that these tissues contained as compared to 

the absorbed oral dose (30% of original dose absorbed) are 

also presented (Table 5.5). It was noted that during these 

time intervals the percentages remained relatively unchanged 

at an average of 7.5, 9.4, and 2.9 % for hemolymph, muscle and 

hepatopancreas, respectivley. 

Mohney et al. (1992) established the minimum inhibitory 

concentrations (MIC) of 12 antimicrobials with respect to 15 

bacterial strains of shrimp pathogens. Among the 

antimicrobials tested was Romet-30 (Hoffman-La Roche Inc.; 

Nutley, N.J.). Romet-30 is a premix in which 30% of it is 

active ingredient, i.e., drug. The drug is a 5:1 combination 

of sulphadimethoxine and ormetoprim which when combined 

synergistically increase antimicrobial activity (Garrod et 

al., 1981). The findings by Mohney et al. (1992) found that 

a level of 5 ug/ml of active ingredient of Romet-30 was 

sufficient to inhibit all of the bacteria tested. A 5 ug/ml 

level of Romet-30 contains approximately 4.17 ug/ml of 

sulphadimethoxine. An examination of hemolymph and muscle 
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concentrations (Figure 5.2.) in the orally dosed animals 

reveals that peak concentrations occurred at 4 hand 2 hand 

were approximately 25 ug/ml and 12 ug/g, respectively. This 

would suggest that the dose of 210 mg/kg resulted in hemolymph 

and muscle tissues levels approximately 6-fold and 3-fold, 

respectivley, the necessary concentration to inhibit bacterial 

shrimp pathogens. This assumes that the second drug in the 

combination, ormetoprim, would also be present in sufficient 

concentrations to provide the necessary synergistic affect. 

Ormetoprim 

This study also examined the pharmacokinetics of 

ormetoprim (OMP) following the simultaneous administration of 

OMP with sulphadimethoxine intra-sinuously (IS) and orally. 

The SDM:OMP drug combination was given in a 5:1 ratio for both 

routes of administration. The fitted curve for OMP hemolymph 

concentrations following IS injection is illustrated in Figure 

5.3. The approximate dose of OMP administered IS was 8.4 mg 

OMP/kg shrimp body weight. The resulting curve was fitted by 

a two compartment model. The OMP plasma concentration (Cp) 

curve, as a function of time (t), is represented by the 

following biexponential equation: 

Cp=2 • 0 18e-1.814t+O. 187 e-O.0604t 
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Pharmacokinetic parameters for the single IS dose of OMP 

are listed in Table 5.6. The distribution (tB
1/2) and 

elimination (tB
1/2) phases of OMP in shrimp were 0.37 and 11.5 

h, respectively (Table 5.6). The short t\/2 of OMP (0.37 h) 

indicates that equilibration into the peripheral compartment 

was rapid. A very similar two compartment model was also 

described for the disposition of OMP in rainbow trout, with 

t\/2 and t B 1/2 of 0.54 and 17.54 h, respectively (Dray et al., 

1989). In contrast, OMP in catfish was characterized by a 

triexponential equation. The half-lives of the three 

compartments in the catfish model were 0.39, 4.9 and 49 h, 

respectively. 

The elimination of OMP from shrimp hemolymph, Le., 

systemic body clearance (CLs) was 2045 ml/kg*h (Table 5.6). 

This CLs for OMP in shrimp is approximately 10-fold higher 

than CLs's in other aquatic species (Plakas et al., 1990; Dray 

et al., 1989). For example, the CLs in catfish is 192 

ml/h*kg. 

The apparent volume of distribution of the central (Vc) 

and the peripheral (Vp) compartments of OMP in shrimp were 

3,882 and 21,560 ml/kg, respectively (Table 5.6). The very 

large Vp suggests a wide distribution and concentration of OMP 

into tissues outside the hemolymph. The steady state volume 

of distribution (Vss) in shrimp was very large, 25,442 ml/kg, 

as compared to mammalian species such as cattle (Wilson et. 
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aI, 1987) and horses (Brown et al., 1989) where the volumes of 

distribution for OMP were 1450 ml/kg (V area) and 1190 ml/kg 

(Vss), respectivley. The Vss of trout and catfish, although 

larger than mammalian volumes, are still approximately 5 times 

smaller than that reported for shrimp (Table 5.7) • 

Differences in anatomical volumes between species may often 

explain differences in pharmacokinetic parameters between 

species (Oie and Tozer, 1979). In crustaceans, there are two 

areas in which anatomical volumes are significantly different 

from finfish. These include the shell and the hemolymph. The 

shell is a crustacean characteristic that is not present in 

finfish and that has been demonstrated to be a site of drug 

disposition in crustaceans (Barron et al., 1991; James and 

Barron, 1988; and Barron et al., 1988). Crustaceans also have 

hemolymph volumes that are considerably larger (i.e., 22% of 

body weight (Barron et al., 1988)) than those typically found 

in finfish (i.e., 5% of body weight (Plakas et al., 1988; 

Plakas et al., 1990)). 

The degree of plasma protein binding varies greatly 

depending on aquatic species (Guarino, 1986) and agent used 

(Plakas et al., 1988; Squibb et al., 1988). Plasma protein 

binding can have a significant affect on the volume of 

distribution in an animal. In cases where a large volume of 

distribution occurs, such as shrimp, an inverse relation 

between volumes of distribution and plasma protein binding 
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exist (i.e., a decrease in plasma protein binding results in 

a proportional increase in extravascular distribution) (Oie 

and Tozer, 1979). In shrimp for OMP, the volume of 

distribution of the central compartment (Vc) is 3,882 ml/kg 

compared to 21,560 ml/kg for the peripheral compartment (Vp) 

(Table 5.6). Plasma protein binding of OMP in shrimp was very 

low (i.e., % free OMP was very high), being approximately 12% 

(Table 5.8). The low protein binding of drugs may facilitate 

elimination, i. e., shorten t1/2, (Kleinow and Lech, 1988). 

However, when the volume of distribution is large, as is the 

case for OMP in shrimp, changes in plasma protein binding will 

have no affect on t1/2 (Oie and Tozer, 1979). 

The plasma concentration curve following a single oral 

dose (42 mg OMP/kg) is presented in Figure 5.3. Hemolymph 

concentrations peaked (Tmax) at approximately 0.67 h with the 

peak concentration (Cmax) being approximately 0.45 ug /ml. The 

Tmax in catfish (Plakas et al., 1990) and trout (Droy et al., 

1989) were at 6 and 12 h, respectively. The absorption rate 

constant (Ka) was 2.54 h-1 and absorption t1/2 was 0.27 h. The 

absorption of OMP in shrimp was faster than in catfish where 

the absorption t1/2 was 2 h (Plakas et al., 1990). The 

elimination of OMP post Cmax was monoexponential. 

Pharmacokinetic parameters obtained from modeling the oral OMP 

dose are presented in Table 5.9. The bioavailability of OMP 

in shrimp was 38%. This is lower than bioavailabilities of 
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OMP found in trout (Droy et al., 1989) and catfish (Plakas et 

al., 1990) where they are 87% and 52%, respectively (Table 

5.7) • 

Ormetoprim (OMP) was distributed quickly to the tail 

muscle of shrimp following the single oral dose of OMP (42 

mg/kg) (Figure 5.4). Mean muscle tissue levels of OMP 

exceeded hemolymph levels at all time intervals through 8 h 

(Figure 5.4). Equilibration of muscle tissue levels appeared 

to occur at 1 h post dosing with peak concentrations achieving 

approximately 1 ug/g and was maintained at that approximate 

concentration through 4 h post dosing (Figure 5.4). 

Ormetoprim (OMP) was concentrated in the muscle and 

hepatopancreas relative to the hemolymph. Concentrations of 

hemolymph, muscle and hepatopancreas at 2, 4, and 8 h post 

oral dosing are listed in Table 5.10. The hepatopancreas had 

the significantly higher OMP concentrations (102 ug/g @ 2h) 

compared to muscle (0.91 ug/g @ 2h) and hemolymph (0.38 ug/ml 

@ 2h). The percent of OMP that these tissues contained as 

compared to the absorbed oral dose (38% of original dose 

absorbed) are also presented (Table 5.10). The percentage of 

OMP in the hemolymph remained fairly constant, ranging from 

0.4% to 1. 0%. The amounts of OMP in the muscle were moderate, 

accounting for 3.8% of the dose at 4 h and quickly being 

reduced to 1. 7 % by 8 h. The concentration of OMP by the 

hepatopancreas was notable. At 2 h post oral administration 
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the hepatopancreas contained approximately 20% of the dose. 

The hepatopancreas is likely a major portion of the peripheral 

compartment in shrimp. Elimination of OMP from the 

hepatopancreas was rapid decreasing to only 3.0% of the dose 

by 8 h. The concentration of chemical compounds in the 

crustacean hepatopancreas is consistent with findings on 

sulphadimethoxine in the lobster (Barron et al., 1988; James 

and Barron, 1988) and triclopyr in the crayfish (Barron et 

al., 1991). Although not sampled in this study, the shell in 

shrimp may also be a significant site of OMP distribution. 

The shell has previously been demonstrated to be a major site 

of drug disposition in crustaceans (Barron et al., 1991; James 

and Barron, 1988; and Barron et al., 1988). Studies of OMP in 

finfish have shown that OMP persists in the skin of catfish, 

and trout (Plakas et al., 1990; Droy et al., 1989; Bullock et 

al., 1983). Bergsjo et al. (1979) also demonstrated the 

accumulation of trimethoprim, a related compound, in the skin 

of trout and suggested an affinity of this compound for 

melanin, a substance also found in shrimp in the 

chromatophores located in the subcuticus which lies just 

beneath the shell of shrimp. 

Romet-30 (Hoffman-La Roche Inc.; Nutley, N.J.) is a 

commercially available premix in which 30% of it is active 

ingredient, i. e., drug. The drug is a 5: 1 combination of 

sulphadimethoxine and ormetoprim, which when combined, act 
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synergistically to increase antimicrobial activity (Garrod et 

al., 1981). Mohney et ale (1992) established the minimum 

inhibitory concentrations (MIC) of 12 antimicrobials with 

respect to 15 strains of bacterial shrimp pathogens. Among 

the antimicrobials tested was Romet-30. The findings by 

Mohney et ale (1992) found that a level of 5 ug/ml of active 

ingredient of Romet-30 was sufficient to inhibit all of the 

bacteria tested. A 5 ug/ml level of Romet-30 contains 

approximately 0.83 ug/ml of ormetoprim. An examination of 

hemolymph and muscle concentrations (Figure 5.4.) in the 

orally dosed animals reveals that peak concentrations occurred 

at 25 min and 1 h and were approximately 0.48 ug/ml and 1.2 

ug/g, respectively. This would suggest that the dose of 42 

mg/kg resulted in hemolymph and muscle tissues levels 0.5 x 

and 1.5 x, respectivley, that necessary to inhibit bacterial 

shrimp pathogens. 

Findings in the previous section of this chapter dealing 

with sulphadimethoxine (SOM), showed that SOM concentrations 

in the hemolymph and muscle were 6 x and 3 x that required to 

inhibit shrimp pathogens. Based on these findings the oral 

dose of 250 mg combined SOM:OMP would be much higher than 

necessary to successfully treat shrimp pathogens. It is 

generally accepted that tissue concentrations of a drug must 

equal or exceed known bacterial MIC's (Garrod, 1981; Lorian, 

1980). Therefore, when the MIC of a drug is combined with 
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pharmacokinetic data, a reasonable dose can be determined. 

The dose required to maintain a desired blood concentration, 

at or above MIC levels, is given by the following formula 

(Prescott and Baggot, 1988; Ritschel, 1980; Gladtke and 

Hattingberg, 1979): 

D = ( T ( Css X CIs )) / F 

where 

D = Dose 

T = Dosing interval 

Css = Desired steady-state plasma concentration 

CIa = Systemic body clearance 

F = Drug bioavailability 

Using the information established for SDM an estimated dose 

can be calculated. An example using an SDM Css of 12 ug/ml 

(i.e., 3 x MIC) and T of 12 h, the equation would look like 

this D = ( 12h(12ug/ml x 194ml/kg*h))/.30 thus yielding an 

approximate dose of 93 mg SDM/kg shrimp. This in turn would 

equate to a combined SDM:OMP dose of 112 mg drug/kg shrimp. 

CONCLUSIONS: 

The pharmacokinetics and bioavailability of 

sulphadimethoxine (SDM) and ormetoprim (OMP) following 

simultaneous administration in shrimp were examined. The 

dispositions of sulphadimethoxine and ormetoprim in shrimp 
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were characterized by rapid and wide tissue distribution of 

each drug as compared to other species. The distribution of 

ormetoprim outside the hemolymph was much more extensive than 

sulphadimethoxine. Both drugs were rapidly but moderately 

absorbed by shrimp, with ormetoprim showing slightly better 

bioavailability. The clearance rate of ormetoprim was much 

greater than sulphadimethoxine; however, the half-life of 

sulphadimethoxine was slightly shorter. Binding by plasm 

proteins was very low for both drugs. 

The ideal aquaculture drug would be rapidly and highly 

absorbed. It would distribute to desired tissues and have a 

relatively short half-life (Guarino et al., 1988). Based on 

these criteria, the sulphadimethoxine:ormetoprim drug 

combination has a very good potential to be a useful shrimp 

aquaculture chemotherapeutant. 
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Figure 5.1. Hemolymph concentrations of sulphadimethoxine in 
penaeid shrimp following intra-sinus and oral 
administration. 

Data points for the mini-oral study were those used 
to determine plasma protein binding and where not 
included in pharmacokinetic analyses. 
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Table 5.1. Pharmacokinetic Values for Sulphadimethoxine 
after Intra-Sinus Administration in Penaeid 
Shrimp. 

Parameter 

Water temperature (OC) 
Shrimp weight (g) 

Number of shrimp/time interval 

Dose (mg/kg shrimp) 
A (ug/ml) 
B (ug/ml) 
CO (ug/ml) 
a (hoI) 
B (hoI) 
tal 12 (h) 
t B

I12 (h) 
AUC (ug/h*ml) 
CIs (ml/kg*h) 
VdUQ (ml/kg) 
Vd

sS (ml/kg) 
Vc (ml/kg) 
Vp (ml/kg) 

* + 95% confidence interval 

Value 

26±1 

19.5±1.9 
4 

41.8±0.2 
40.2±1.1* 
19.4±0.2* 
59. 6±1. 3* 
1. 739±0. 07* 
0.1009±.007* 
0.40 
6.87 
215 
194.4 
1927 
1735 
701 
1034 

A,B - Zero-time plasma drug concentration intercepts of 
biphasic intra-sinus disposition curve. The 
coefficient B is based on the terminal phase. 

Co - Plasma concentration immediately after intra-sinus 
dose. 

a,B - Distribution and elimination constants of the 
biexponential drug disposition curve. 

t a
l12 , t B

I12 - Distribution and elimination half-lifes of 
the drug. 

AUC - Area under the hemolymph drug concentration-time 
curve from zero to infinity. 

CLs - Total body clearence. 
Vd

area - Apparent volume of distribution based on AUC. 
Vd

S
• - Apparent volume of distribution at steady state. 

Vc - Apparent volume of central compartment. 
Vp - Apparent volume of peripheral compartment. 
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Table 5.2. Bioavailability, Elimination half-lifes (T1/2), 
and Steady State Volumes of Distribution of 
sulphadimethoxine in Aquatic species. 

species 

Trout 

Catfish 

Lobster 

shrimp 

Bioavailability % T1/2 
(h) 

34,64* 16 

31,34* 13 

55,46* 77 

30 7 

Vss Reference 
(ml/kg) 

422 

662 

1369 

1735 

(Kleinow and 
Lech, 1987; 
Kleinow et al., 
1992) 

(squib et al., 
1988) 

(James and 
Barron, 1988; 
Barron and James, 
1988) 

(This study) 

*Bioavailabilities of free and sodium forms of 
sulphadimethoxine, respectively. 
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Table 5.3. The Percent of Free Sulphadimethoxine (SOM) in 
Penaeid Shrimp Hemplymph at Multiple Time 
Intervals (n=3 ±S.O.). 

Time (h) Hemolymph SOM Filtrate SOM % Free SOM 
(ug/ml) (ug/ml) 

6 36.2±8.1 34.6±9.8 94.7±10.1 
10 17.0±8.7 14.8±4.6 93.7±20.0 
12 11. 4±3. 4 11. 0±4. 2 95.6±8.1 
18 2.6±0.4 2.5±0.3 95.3±5.1 



Table 5.4. Pharmacokinetic Values for Sulphadimethoxine 
Following Oral Administration to Penaeid 
Shrimp*. 

Parameter 

Water temperature (DC) 
Shrimp weight (g) 
Number of shrimp/time interval 

Dose (mg/kg shrimp) 
AUC (ug/h*ml) 
Ka (h-I ) 

B (h-I ) 

t B
I12 (h) 

Cmax (ug/ml) 
Tmax (h) 

Value 

26±1 
19.6±2.0 
4 

208.7±9.4 
318 
0.5044 
0.1285 
5.4 
14 
4 
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* Values determined using the method of residuals 
(Gibaldi and Perrier, 1982) 

AUC - Area under the hemolymph drug concentration-time 
curve from zero to infinity. 
Ka - Absorption constant of the drug following oral 
administration. 
B - Elimination constant of the oral drug disposition 
curve. 
t B

I12 - Elimination half-life of the drug. 
Cmax - Maximum concentration. 
Tmax - Time when maximum concentration was obtained. 



30 

Tissue Sampled 
25 -Muscle C 

0 _ Hemolymph 
n 20 c 
e 
n 
t 15 
a 
t 
I 10 
0 
n 

lug/mil 
5 

o 
10 min 25 min 40 min 

-Concentrations post 48 hours were 
below the lower level of detection 
for both Hemolymph and muscle tissue 

(Oral Dose· 210mg SOM/Kg aWl 

1 hr 2 hr 4 hr 
Time 

6 hr 24 hr 4S hr 
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Table 5.5. Mean Tissue Concentrations and Percent of 
Absorbed Oral Dose (in parenthesis) of 
sulphadimethoxine in Penaeid Shrimp. 

150 

Time (h) Hemolymph (ug/ml) Muscle (ug/g) Hepatopancreas 
(n=4 , ±S • D • ) (n=4 , ±S • D. ) (ug/ml) 

(n=2,±S.D.) 

2 17.5±6.7 12.1±4.3 57.5±45.9 
(6.0%) (9.3%) (2.9%) 

4 25.0±5.4 12.7±6.0 50.5±20.5 
(8.8%) (8.9%) (2.3%) 

8 22.2±8.2 13.0±7.8 75.5±24.7 
(7.8%) (10.1%) (3.5%) 
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-Concentrations post-24 hrs were 
below detectable levels for IS & Oral 
administration groups. 

Figure 5.3. Hemolymph concentrations of ormetoprim in penaeid 
shrimp following intra-sinus and oral 
administration. 

Data point for the mini-oral study were those used 
to determine plasma protein binding and where not 
included in pharmacokinetic analyses. 
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Table 5.6. Pharmacokinetic Values for ormetoprim after 
Intra-Sinus Administration in Penaeid Shrimp**. 

Parameter Value 

water temperature (OC) 
Shrimp weight (g) 

26±1 
19 .5±1. 9 
4 Number of shrimp/time interval 

Dose (mg/kg shrimp) 
A (ug/ml) 

8.56±0.03 
2.018±0.07* 
0.187±0.013* 
2.205±0.08* 
1.874±0.09* 
0.06036±0.009* 
0.370 

B (ug/ml) 
CO (ug/ml) 
a (h- l ) 

B (h- l ) 

tal 12 (h) 
t B

l/2 (h) 11.5 
AUC (ug/h*ml) 
Cl. (ml/kg*h) 
VdUQ (ml/kg) 
Vd

ss (ml/kg) 
Vc (ml/kg) 

4.1865 
2045 
33,875 
25,442 
3,882 

Vp (ml/kg) 21,560 

* + 95% confidence interval 
**Animals with hemolymph levels that were either undetected or 
below validated levels were ommited from pharmacokinetic 
analysis. 

A,B -

Co 

a,B -

AUC -

CLs -
VdUQ 

Vd•• -

Vc 
Vp 

Zero-time plasma drug concentration intercepts of 
biphasic intra-sinus disposition curve. The 
coefficient B is based on the terminal phase. 
Plasma concentration immediately after intra
sinus dose. 
Distribution and elimination constants of the 
biexponential drug disposition curve. 
Distribution and elimination half-lifes of the 
drug. 
Area under the hemolymph drug concentration-time 
curve from zero to infinity. 
Total body clearence. 
Apparent volume of distribution based on AUC. 
Apparent volume of distribution at steady state. 
Apparent volume of central compartment. 
Apparent volume of peripheral compartment. 
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Table 5.7. Bioavailability, Elimination half-life (t1/2), 
and Steady state Volumes of Distribution (Vss)of 
ormetoprim in Aquatic species. 

species Bioavailability % T1/2 Vss Reference 
(h) (ml/kg) 

Trout 87 17.5 4854 (Droy et 
al., 1989) 

Catfish 52 49 5503 (Plakas et 
al., 1990) 

shrimp 38 11.5 25,442 (This Study) 
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Table 5.8. The Percent of Free ormetoprim (OMP) in Penaeid 
Shrimp Hemplymph (n=2±S.D.). 

Time (h) Hemolymph OMP 
(ug/ml) 

6 O.548±O.08 

Filtrate OMP 
(ug/ml) 

O.480±O.05 

% Free OMP 

87.9±4.7 
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Table 5.9. Pharmacokinetic Values for ormetoprim Following 
Oral Administration to Penaeid Shrimp**. 

Parameter Value 

water temperature (OC) 
Shrimp weight (g) 

26±1 
19.6±2.0 
4 Number of shrimp/time interval 

Dose (mg/kg shrimp) 
AUC (ug/h*ml) 

41. 7±1. 8 
7.68 
2.539±0.12* 
0.07514±0.003* 
9.2 

Ka (h-l ) 

B (h- l ) 

t B
l/2 (h) 

Cmax (ug/ml) 0.45 
Tmax (h) 0.67 

* ± 95% confidence interval 
**Animals with hemolymph levels that were either undetected or 
below validated levels were ommited from pharmacokinetic 
analysis. 

AUC -

Ka -

B -

t B
1I2 -

cmax -
Tmax -

Area under the hemolymph drug concentration-time 
curve from zero to infinity. 
Absorption constant of the drug following oral 
administration. 
Elimination constant of the oral drug disposition 
curve. 
Elimination half-life of the drug. 
Maximum concentration. 
Time when maximum concentration was obtained. 
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(Oral Dose· 42mg OMP/Kg BW) 

1 hr 2 hr 4 hr 8 hr 24 hr 
Time 

Figure 5.4. Concentrations of ormetoprim in the muscle and 
hemolymph of penaeid shrimp following oral 
administration. 
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Ta~le 5.10. Mean Tissue Concentrations and Percent of 
Absorbed Oral Dose (in parenthesis) of Ormetoprim 
in Penaeid Shrimp. 

Time (h) 

2 

4 

8 

Hemolymph 
(ugjml) 

(n=3 , ±S • D • ) 

0.378±0.11 
(0.5%) 
0.703±0.65 
(1. 0%) 
0.306±0.11 
(0.4%) 

Muscle 
(ugjg) 
(n=4 , ±S • D • ) 

0.911±0.46 
(2.8%) 
1. 369±1. 61 
(3.8%) 
0.549±0.40 
(1. 7%) 

Hepatopancreas 
(ugjg) 
(n=2,±S.D.) 

102.0±73.5 
(20.2%) 
42.5±36.1 
(7.8%) 
16.0±9.9 
(3.0%) 
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SUMMARY AND CONCLUSIONS 

Difloxacin, sarafloxacin and Romet (sulphadimethoxine : 

ormetoprim) were evaluated for their potential as shrimp 

aquaculture drugs. 

Difloxacin and sarafloxacin palatability, toxicity, and 

residues following 15 days of medicated feeding were 

evaluated. The pharmacokinetics and bioavailabilities of 

sulphadimethoxine (SDM) and ormetoprim (OMP) were establish 

post simultaneous administration in shrimp. 

As previously stated, the objectives of the difloxacin 

study were three-fold. These included; 1) to determine the 

levels of difloxacin which were palatable to penaeid shrimp 

when incorporated into their feeds; 2) to establish if these 

levels were toxic to penaeid shrimp and, thus, establish 

margins of animal safety; and 3) to determine approximate 

withdrawal times of difloxacin from shrimp tissues following 

medicated feeding. Results of this study indicated that 

difloxacin, when incorporated in the diet, does have potential 

as a shrimp aquaculture chemotherapeutant. Palatability was 

not a problem at the 1x (100 mg/kg) dose level. However, the 

2x and 4x dose levels did result in a reduction of 

palatability that may be further magnified at even higher 

doses. Toxicity was also not a problem at the 1x dose level. 

However, once again the 2x and 4x dose level did show 



increases in mortality. 
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The analysis of whole body tissue 

concentrations in this study were erratic, suggesting that the 

methodology used was not entirely satisfactory for shrimp. 

However, some possible indications of the difloxacin tissue 

levels in shrimp were that a tissue level dose response did 

exist and that difloxacin may be rapidly eliminated from 

shrimp tissues. However, more reliable data with respect to 

difloxacin shrimp tissue levels would need to be generated 

before any conclusions could be drawn. More information in 

the areas of bacterial minimum inhibitory concentrations (MIC) 

for difloxacin, specifically with respect to shrimp pathogens 

in needed. Further, information on the bioavailability, half

life and tissue accumulation in shrimp is also needed so that 

dosing levels and intervals may be appropriately modified. 

The determination of a accurate recommended dose of difloxacin 

with respect to shrimp would appear to be vital. The 

reasoning for this being that although this study did indicate 

that a 100 mg/kg dose was acceptable, it also suggested that 

a dose much higher than 400 mg/kg may not be acceptable, both 

from palatability and toxicity point of views. 

The second study evaluated sarafloxacin. The objectives 

of this study were same as those for difloxacin. Indicates in 

this study were that sarafloxacin, when incorporated in the 

diet, has very good potential as a shrimp aquaculture 

chemotherapeutant. Neither palatability nor toxicity was an 
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obvious problem, even at SOx the recommended dose level. The 

elimination of sarafloxacin from shrimp tissue was very rapid 

and its use in shrimp would likely require relatively short 

withdrawal times. However, information in the areas of drug 

bioavailabi1ity, and tissue accumulation in shrimp is needed 

so that dosing levels and intervals may be appropriately 

modified in order to insure that diseased shrimp in normal 

aquaculture settings will receive a therapeutic dose. 

The third study in this dissertation examined the 

pharmacokinetics and bioavailability sulfadimethoxine and 

ormetoprim in the penaeid shrimp, Panaeus vannamei. The 

pharmacokinetics and bioavailability of su1phadimethoxine 

(SDM) and ormetoprim (OMP) were determined following 

simultaneous administration by oral and intra-sinus routes. 

The dispositions of sulphadimethoxine and ormetoprim in shrimp 

were characterized by rapid and wide tissue distribution of 

each drug as compared to other species. The distribution of 

ormetoprim outside the hemolymph was much more extensive than 

sulphadimethoxine. Both drugs were rapidly but moderately 

absorbed by shrimp, with ormetoprim showing slightly better 

bioavailabi1ity. The clearance rate of ormetoprim was much 

greater than sulphadimethoxine; however, the half-life of 

sulphadimethoxine was slightly shorter. Binding by plasm 

proteins was very low for both drugs. 
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The ideal aquaculture drug would be rapidly and highly 

absorbed. It would distribute to desired tissues and have a 

relatively short half-life (Guarino et al., 1988). Based on 

these criteria, the sulphadimethoxine:ormetoprim drug 

combination has a very good potential to be a useful shrimp 

aquaculture chemotherapeutant. 
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Table A.t. Water Quality Data for Shrimp Tanks During 15 Day Difloxacin Medicated 
Feeding Period and 21 Day Withdrawal Period 

AmmoniaCmgIL) Nitrite{mg;IL) SalinityCppt) Temperature(CC) pH 

Day 0 0 0 19 26 7.5 
5 0 0.1 20 27 B.O 

10 0.25 0.1 21 25 7.5 
0/15 0.25 0.1 19 24 7.5 
5 0 0 20 25 B.O 

10 0 0 20 27 B.O 
15 0 0 19 25 7.5 
21 0 0 19 24 7.5 
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Table A.2. Daily Feeding Rates and Average Tank Weight Gains of Penaeid Shrimp During 
a Two Week Feeding of Difloxacin Medicated Diets. 

Treatment 

Control 100 mg/kg* 200 mgfkg 400mgfkg 

TANK 1 2 3 1 2 3 1 2 3 1 2 3 
REP 

Average % 
Eaten ** 

Day 1 100 88 100 100 100 100 93 100 100 96 100 100 
2 100 69 100 100 100 100 70 100 94 72 100 100 
3 100 64 100 100 100 100 74 100 81 62 100 100 
4 100 60 83 68 81 100 49 94 54 39 63 68 
5 100 67 87 90 74 100 56 92 78 64 87 74 
6 83 61 68 65 56 88 50 59 59 48 84 50 
7 87 58 64 65 64 86 48 49 54 56 64 38 
8 79 62 63 77 76 78 55 40 65 47 66 51 
9 81 60 71 65 88 57 69 56 76 63 57 61 

10 76 57 79 59 73 73 57 52 63 55 56 64 
11 69 60 89 68 73 88 64 66 58 59 65 66 
12 61 61 98 65 56 100 64 75 48 62 69 69 
13 60 60 90 67 64 95 60 66 47 56 50 53 
14 73 64 87 61 71 97 57 59 57 62 91 74 
15 68 53 95 58 56 81 53 54 50 55 71 53 

Average Initial 
Shrimp Weight (grams) 

18.3 16.7 18.3 16.7 15.6 18.9 16.0 18.5 15.2 16.9 18.0 17.4 
Average Final 
Shrimp Weight (grams) 

19.9 17.3 19.3 16.9 17.1 19.5 18.2 19.2 15.8 17.918.9 17.7 
% Weight Increase 

8.7 3.4 5.5 1.2 8.8 3.2 13.83.8 3.9 5.9 5.0 1.7 

* mg Difloxacinl kg feed 
.. Based on a 5% daily feeding level 
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TableA.3. Daily Tank Mortalities of Penaeid Shrimp During a Two Week Feeding of 
Difloxacin Medicated Diets. 

Treatment 

Control 100 mgIkg* 200 mgIkg 400mg/kg 

TANK. 1 2 3 1 2 3 1 2 3 1 2 3 
REP 

Number of Shrimp 
Mortalities 

Day 1 0 0 0 0 0 1 0 0 0 0 0 0 
2 0 0 0 1 1 0 0 0 0 1 0 1 
3 0 0 0 0 0 0 0 0 0 1 0 0 
4 0 0 1 0 0 0 0 0 1 0 1 0 
5 0 0 0 0 0 0 0 0 0 0 0 1 
6 0 0 0 0 0 0 1 0 0 0 0 0 
7 0 0 1 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 1 0 

10 0 0 0 0 0 0 0 0 0 0 1 0 
11 0 0 1 0 0 0 1 0 0 0 1 0 
12 0 0 0 0 0 0 0 0 1 1 0 0 
13 0 0 0 0 1 0 0 0 2 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 

Cummulative % Survival 

100 100 80.0 93.3 86.7 93.3 86.7 100 73.3 80.0 73.3 86.7 

• mg Difloxacin/ kg feed 
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TableA.4. Shrimp Whole Body Tissue Concentrations of Difloxacin Following a 15 Day 
Medicated Period··. 

Treatment Rep Day 0 Day 1 Day 3 Day 7 Day 14 

Control 1 135 94 87 97 0 
2 89 116 NQ NT NT 
3 18 32 0 0 NT 
AVG 80 80 44 49 0 

100 mg/kg.** 1 162 110:92* 95 89 33 
2 165 83 44 7 NT 
3 71 0 71 0 NT 
AVG 133 95 70 32 33 

200 mglkg 1 426 126:31 109 108 0 
2 244 92:39 NQ NT 0 
3 246 86:0 94:0 0 NT 
AVG 305 62 68 54 0 

400 mg/kg 1 441 197:6 99 NT 0 
2 49 104 46 0 NT 
3 1370 119 83 25 30 
AVG 620 107 76 13 15 

• Instances where values are reported as X: Yare measured concentration for two 
different animals at that given time point . 
• * Concentrations expressed in ng of DifloxacinJgram of tissue . 
• *. mg DifloxacinJkg of feed. 
NT = Not tested. 
NQ = Amount was not quantifiable due to high chromatographic background. 
AVG = average 
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Table B.l. Water Quality Data for Shrimp Tanks During 15 Day Sarafloxacin Medicated 
Feeding Period and 21 Day Withdrawal Period 

Ammonia(mgIL) Nitrite(mg1L) Salinity(ppt) Temperature(CO) pH 

Day 0 0 0 19 24 7.5 
5 0 0 19 24 7.5 

10 0 0.1 18 25 7.0 
0/15 0.25 0.1 19 24 7.5 
5 0.25 0.1 20 23 7.5 

10 0 0 19 25 8.0 
15 0.25 0 19 24 7.5 
21 0 0 19 24 7.5 
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Table B-2. Daily Feeding Bates aud AY'I!II'Bge Tank Weight GaiDa of Peuaeid Shrimp During a Two 
Week Feedmg of Samflozacin Medicated Diets 

Treatment 

ControL Prema Cntri 200~ 1000 mg/kg 2000mwkg 10,000 
~kg 

TANK 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
REP 

Average % 
Eaten •• 

Day 1 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
2 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 79 98 100 
3 100 100 100 100 97 100 100 100 100 100 100 100 100 100 100 82 87 99 
4 100 93 99 89 84 92 63 100 79 64 100 88 58 61 93 58 71 74 
5 100 70 78 74 61 71 10 83 60 57 77 54 57 52 59 47 44 40 
6 76 61 54 60 66 64 56 65 57 52 79 66 64 66 60 52 54 51 
7 75 75 63 97 88 83 65 83 69 71 63 67 64 65 73 64 54 70 
8 97 64 67 92 89 92 49 67 61 55 71 62 39 48 62 55 56 64 
9 65 58 57 75 86 63 52 54 63 62 60 51 .w 48 48 55 57 61 

10 62 70 68 82 69 68 53 60 59 59 60 50 50 52 38 58 37 69 
11 71 64 69 92 77 76 57 60 57 61 68 100 44 48 82 53 54 57 
12 57 81 74 86 69 83 77 67 71 60 69 7 51 58 58 58 57 57 
13 54 62 49 57 70 58 49 54 52 37 52 53 53 34 47 46 41 56 
14 68 58 67 72 70 76 57 67 61 48 79 57 49 58 62 63 52 52 
15 73 83 76 89 83 81 74 76 98 77 77 77 65 70 62 58 53 61 

Average Initiai 
Shrimp Weight (grams) 

6.6 7.1 7.6 6.8 0.7 6.2 7.1 6.7 7.4 7.3 6.9 6.8 7.1 7.3 7.7 6.9 6.4 7.3 
Average Final 
Shrimp Weight (grams) 

7.5 8.7 7.8 8.1 7.2 6.9 3.2 7.6 8.7 7.3 7.0 7.7 7.4 7.4 8.5 6.9 6.6 7.9 
% Weight Increase 

13.8 23.4 2.2 18.96.8 11.3 15.4 13.4 17.7 0.2 2.2 13.7 4.7 1.8 10.3 6.2 2.1 7.3 

• mg sarafloxacini kg feed 
•• Based on a 5% daily feeding level 
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Table B.3. Daily Tank Mortalities of Peuaeid Sbrimp During a Two Week Feediog of SantJcmcin 
Medicated Diets 

Treatment 

ContrOi PremixCntrl 200 mr/kg" 1000 mgtkg 201lOmWkg 10,000 
mw'kg 

TANK 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
REP 

Number of Shrimp 
Mortalities 

Day 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 a 
2 a 0 0 0 0 a a 0 a 0 0 a 0 1 0 a 0 0 
3 a 0 0 0 a a a a 0 0 a a 0 a a a 0 a 
4 a a a 0 a a 0 0 a 0 0 0 a 1 a a a a 
5 a a 0 a a a 0 a a 1 a 1 a a a 0 a 0 
6 0 a 0 a a a 0 a a 0 a 0 a a 0 a a 0 
7 0 0 a 0 a a 0 a 0 a 0 a 0 0 0 0 0 0 
8 0 0 0 0 a 0 a a 0 0 a a 1 a 0 a 0 0 
9 a 0 0 0 a a a a a a a a a a a a a a 

10 a 0 a 0 a a a a a a a 1 1 a a a a a 
11 a 0 a 0 a a a a a a 0 a a a a a a a 
12 a 1 a 0 1 a a a 1 1 a 1 1 a a a 1 a 
13 a 1 a 0 a a a a 1 1 a a 1 1 a 1 a a 
14 a 0 a 0 a a a a 1 a a a 1 a a a a 1 
15 a 0 a 1 a a a a 1 a a a a a 0 a a 1 

Cummulative % Survival 

100 S9.5100 89.5 89.5 100 100 10078.9 84.2 100 84.2 73.7 89.5 100 94.7 94.7 89.5 

• mg sarafloxaciD/ kg feed 
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Table B.4. Shrimp Whole Body Tissue Concentrations of 
Saratloxacin Following a 15 Day Medicated 
Period· 

Treatment Rep Day 0 Day 1 Day 3 Day 7 Day 14 

Control 1 0 0 0 0 0 
2 0 0 0 0 0 
3 24·· 0 0 0 0 
AVG 0 0 0 0 0 

Premix Cntl 1 144 0 0 0 0 
2 22 0 0 0 0 
3 39 0 0 0 0 
AVG 68 0 0 0 0 

200 mgikg ••• 1 299 41 0 0 0 
2 400 20 0 0 0 
3 393 83 0 0 0 
AVG 364 48 0 0 0 

1000 mglkg 1 1421 369 0 0 0 
2 1281 227 53 0 0 
3 1565 386 . 54 0 0 
AVG 1422 327 36 0 0 

2000 mglkg 1 2303 479 31 0 0 
2 3274 672 85 0 0 
3 3651 418 80 0 0 
AVG 3076 523 65 0 0 

10,000 mg/kg 1 9861 4122 244 65 0 
2 12537 1920 162 39 0 
3 3160 409 88 0 0 
AVG 8519 2150 165 35 0 

• Concentrations expressed in ng of sarafloxacin/gram of tissue. 
•• This value suspected contamination therefore ommited from average. 
••• mg sarafloxacin/kg of feed. 
AVG = average 
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Water Quality Data for Shrimp Tanks During 5 Days Following Simultaneous 
Administration of Sulphadimethoxine:Ormetoprim (5:1) both Intra-Sinusly and 
Orally. 

Ammonia(mg/L) Nitrite(mg/L) Salinity(ppt) Temperature(CO) pH 

Day 1 0 0 22 26 8.0 
2 0 0 20 27 8.0 
3 0 0.1 21 26 8.0 
4 0 0 23 25 7.5 
5 0 0 22 25 7.5 
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Table C.2. Tissue Amounts and Concentrations following Simultaneous Intra-Sinus 
Administration ofSulphadimethoxine (SDM) and Ormetoprim (OMP) to Penaeid 
Shrimp in a 5:1 Ratio (42 mg SDM and 8.4 mg OMPIkg shrimp body). 

Sample Rep Shrimp Hem. Muscle HP* Hem. Hem. 
Time Wt.(g) Vol. Wt.(g) Wt.(g) SDM OMP 

(ml) Cone. Cooc. 
(uglml) (uglml) 

15 min 1 21.5 0.70 9.6 0.51 39.27 1.43 
2 18.8 0.70 9.1 0.52 44.39 1.59 
3 19.0 0.60 8.8 0.50 36.08 1.82 
4 22.5 0.85 10.0 0.85 48.16 1.66 

30 min 1 21.2 0.20 9.7 0.61 30.60 0.53 
2 21.8 0.65 9.6 0.72 39.05 0.63 
3 20.0 0.55 9.8 0.63 38.48 1.15 
4 21.7 0.60 9.6 0.57 38.81 1.07 

1hr 1 20.9 0.65 9.0 0.70 36.37 0.40 
2 18.3 0.55 8.3 0.65 29.15 0.26 
3 16.3 0.50 6.9 0.53 32.32 0.76 
4 17.2 0.75 7.2 0.47 25.77 0.63 

2hr 1 17.0 0.40 6.9 0.48 6.30 0.12* 
2 16.7 0.65 7.2 0.50 9.96 0.11 
3 18.1 0.55 8.4 0.49 12.34 0.35 
4 18.9 0.75 9.1 0.64 24.52 0.46 

4hr 1 18.3 0.55 7.6 0.51 25.56 0.11 
2 17.6 0.25 8.4 0.53 13.97 0.14* 
3 19.1 0.50 7.9 0.60 6.76 NQ 
4 21.7 0.80 9.7 0.61 19.76 0.13 

Bhr 1 20.4 0.50 9.4 0.61 9.50 0* 
2 23.5 0.70 11.2 0.76 8.96 0.10 
3 19.3 0.20 8.2 0.67 4.14 0* 
4 19.4 0.50 B.3 0.59 10.04 0* 

24 hr 1 19.9 0.50 8.9 0.63 0.77 
2 21.3 0.65 10.1 0.74 0.52 
3 19.3 0.60 8.2 0.60 O.BO 
4 18.1 0.60 B.1 0.61 0.37 0.06** 

48 hr 1 17.8 0.35 8.4 0.69 
2 21.5 0.50 10.0 0.72 
3 19.3 0.50 9.2 0.70 
4 22.0 0.60 10.7 0.83 0.07** 0** 

* - Values that were either zero or significantly below validated concentration for volume of 
hemolymph analyzed were not included in pharmacokinetic analysis. 

** - Value is from a pooled hemolymph sample of the 4 shrimp. 
NQ - Not quantified. 
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Table C.3. Hemolymph, Muscle and Hepatopancreas (lIP) Tissues and Concentrations following 
Simultaneous Oral Administration of Sulphadimethoxine (SDM) and Ormetoprim (OMP) 
to Penaeid Shrimp in a 5:1 Ratio (210 mg SDM and 42 mg OMPIkg shrimp body). 

Sample Rep Shrimp Hem. Muscle HP Hem. Muscle HP Hem. Muscle HP 
Time Wt.(g) VoL Wt.(g) Wt.(g) SDM SDM SDM' OMP OMP OMP 

(ml) (uglml) (uglg) (uglg) (uglml) (uglg) (ug/g) 

10 min 1 21.4 0.60 9.70 1.52 4.33 0.29 
2 17.9 0.50 8.93 1.42 1.62 0.08 
3 23.3 0.30 10.60 · 2.96 1.86 0.06 
4 18.4 0.60 7.67 2.15 4.86 0.15·· 0.57 

35 min 1 22.7 0.60 9.22 1.25 2.32 0.21 0.30 
2 18.7 0.45 9.88 2.64 4.25 0.51 0.61 
3 18.0 0.55 7.96 1.75 8.12 0.73 0.88 
4 17.7 0.40 7.86 1.89 7.42 O· 0.54 

40 min 1 16.7 0.25 7.53 2.93 4.02 0.24 0.44 
2 19.7 0.45 8.92 1.26 1.10 O· 0.07 
3 18.7 0.35 8.92 4.90 4.77 0.32 0.57 
4 20.2 0.20 9.36 3.99 12.12 · 0.73 1.05 

1hr 1 17.7 0.55 8.62 8.34 6.95 0.51 0.91 
2 21.0 0.60 9.56 5.86 11.41 · 0.22 0.47 
3 18.1 0.60 8.54 7.98 6.65 0.72 1.61 
4 20.1 0.65 8.99 8.10 7.98 0.75 1.72 

2hr 1 20.6 0.55 9.56 0.58 17.79 9.47 25 0.46 1.44 154 
2 19.4 0.50 8.24 0.66 15.15 10.10 90 0.15· 0.32 49 
3 16.7 0.60 8.02 0.49 10.53 10.46 · 0.25 0.94 
4 16.7 0.80 9.77 0.58 25.58 18.49 · 0.43 0.94 

4hr 1 20.3 0.65 9.61 0.75 27.59 12.78 65 0.44 1.20 68 
2 19.0 0.50 8.66 0.50 15.46 6.55 36 O· 0.06 17 
3 20.8 0.55 9.86 0.62 25.40 13.95 · 0.23 0.33 
4 21.9 0.70 9.40 0.59 28.71 18.21 · 1.44 3.88 

8hr 1 20.0 0.35 11.15 0.73 18.74 15.20 93 0.41 0.32 23 
2 17.4 0.60 8.40 0.45 22.47 8.86 58 0.13· 0.50 9 
3 22.4 0.45 9.88 0.62 14.11 15.10 · 0.20 0.33 
4 17.7 0.55 8.59 0.48 33.39 12.85 · 0.31 1.05 

24 hr 1 20.5 0.60 8.96 13.10 0.83 0.05 
2 22.6 0.75 9.99 2.71 1.42 0.05 
3 21.9 0.65 11.56 · 2.50 1.64 0.05 
4 19.1 0.55 8.50 0.64 0.51 0.09" 0.05 

48 hr 1 17.1 0.20 7.61 0.09 O· 
2 22.9 0.35 10.34 · 0.11 0.02· . 
3 20.5 0.50 8.82 0.20 0.04· . 
4 18.8 0.35 9.21 0.12·· 0.04 0·, •• O· 

• • Values that were either zero or significantly below validated concentration for volume of 
hemolymph analyzed were not included in pharmacokinetic analysis . 

•• • Value is from a pooled hemolymph sample of the 4 shrimp. 
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