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INTRODUCTION

Ornamental fish may develop acute systemic and/or
chronic granulomatous diseases, where the bacteria
may cause damage to the fins and ulcerations of the
skin. These infections may be caused by primary
pathogens, but more commonly are due to stress-
induced secondary infections. Clinical signs include
lethargy, erythema and petechiation of the skin and
fins, along with ulcerations of the skin, and internal
lesions. These lesions are most commonly associated
with Gram-negative organisms such as Aeromonas,
Pseudomonas, Vibrio, Flavobacteria, Yersinia, and
Edwardsiella spp. Gram-positive infections caused by
streptococci are also observed as epizootics in warm-

water species (Butler 1993). Streptococcus iniae is an
emerging bacterial pathogen in cultured and free-
ranging fish (Shao 2001). The highest mortality levels
occur in cultured fish (Weaver-Missick 1999). Anti-
biotics are currently used to control the streptococcal
disease, which causes worldwide losses of $150 million
yr–1 (McNulty et al. 2002). 

The chemical and antimicrobial agents used in
treating fish diseases are rather archaic. The primary
means of administration is via water, medicated feed,
and injection (Stuart 1983). The use of antibiotics
alone may result in residues, such as tetracycline
(Shao 2001), and the emergence of drug-resistant
bacterial strains, which may transfect humans (Stuart
1983).
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There is growing concern over the increase in multi-
drug-resistant bacteria in human and veterinary medi-
cine (Bryan 1984). Bacteria may become resistant to
antibiotics by cellular resistance, antibiotic efflux
pumps, and the presence of antibiotic-degrading and
deactivating enzymes (Fluit et al. 2001). The control of
infections, and in particular those in cultured fish,
would be facilitated through the use of agents that
physically damage the bacterium beyond the point at
which it can successfully repair itself.

Cell surfaces of Gram-negative bacteria are dam-
aged by exposure of cells to disodium ethylene-
diaminetetraacetate dehydrate (chelator) and 2-amino-
2-hydroxymethyl-1,3-propanediol (buffer) (Goldschmidt
& Wyss 1967, Roberts et al. 1970) resulting in increased
permeability (Leive 1968) and greater sensitivity to
bactericides and antibiotics (Brown & Richards 1965,
Monkhouse & Graves 1967, Russel 1967, Wooley &
Jones 1983). The chelator removes divalent cations
present in the outer membrane (Leive et al. 1968) alter-
ing the integrity and permeability of the outer mem-
brane with the release from the bacterial cell of
periplasmic enzymes, cell membrane-associated pro-
teins (Heppel 1972), lipopolysaccharide (Bayer & Leive
1977), protein, and phospholipids (Leive et al. 1968).
Solutions of the chelator have also been shown to dis-
solve the biofilm produced by Pseudomonas aerugi-
nosa (Krieg et al. 1988). Synergistic antimicrobial
effects have been demonstrated when combinations of
the chelator-buffer and selected antimicrobial agents
were reacted with Gram-negative bacteria (Gerberick
& Castric 1980, Wooley & Jones 1983, Wooley et al.
1983a,b, 1984a, Farca et al. 1993, Sparks et al. 1994).
Gram-negative bacteria exposed to chelator-buffer
solutions have an increased uptake of radio-labeled
antibiotics (Wooley et al. 1984b). 

Combinations of chelator-buffer and antibiotics have
been found to be effective in the treatment of coliform
infections of the urinary bladder (Goldschmidt et al.
1972), bacterial rhinitis in dogs (Wooley et al. 1979),
Pseudomonas cystitis (Wooley et al. 1974), otitis
externa (Blue et al. 1974, Sparks et al. 1994), multiple
fistulas (Ashworth & Nelson 1990, Bjorling & Wooley
1982) in dogs, and metritis in the mare (Youngquist
1975, Youngquist et al. 1984). The addition of chelator-
buffer into commercially available mastitis medica-
tions also resulted in a potentiation of the in vitro
antimicrobial effect of the medication (Wooley et al.
2002).

Solutions of chelator-buffer with and without the
addition of antimicrobial agents have antimicrobial
properties on Gram-positive cocci (Wooley & Jones
1983, Sparks et al. 1994). Although to a lesser degree,
potentiation of antibiotics by the chelator-buffer was
also observed for Gram-positive rod-shaped bacteria

(Wooley & Blue 1975, Wooley & Jones 1983, Wooley et
al. 1983c). 

Chelator-buffer solutions at concentrations 10-times
those in Tricide™ are nontoxic when injected into the
allantoic cavity of 12 d-old chicken embryos, and 5
serial passages of Staphylococcus aureus, Proteus
mirabilis, Pseudomonas aeruginosa, Salmonella enter-
itidis, S. typhimurium and Bacillus subtilis in these
solutions did not result in the development of resistant
forms (Wooley et al. 2000). No clinical side-effects have
been noted using this solution in joints, bones, uterus,
ears, bladders, mammary glands, or uterus of humans,
poultry, companion animals and domestic livestock
(Goldschmidt et al. 1972, Bjorling & Wooley 1982,
Youngquist et al. 1984, Ashworth & Nelson 1990,
Sparks et al. 1994).

The purpose of this study was to evaluate the in vitro
antimicrobial activity of Tricide™ and neomycin or
oxytetracycline on bacteria associated with diseases of
fish.

MATERIALS AND METHODS

Bacterial isolates. Bacterial isolates used in this study
were cultured from diseased fish. Staphylococcus au-
reus was cultured from an ulcerated lesion on the koi
Cytrinus carpio. Pseudomonas aeruginosa was isolated
from the kidneys of a septicemic koi. Streptococcus
iniae (Isolate DAN 14) was isolated from the brain of a
diseased coho salmon Oncorhynchus kisutch. Aero-
monas hydrophila (Isolate 5064) was cultured from an
ulcerated lesion on a koi. S. aureus and S. iniae (Isolate
DAN14) were propagated in/on brain heart infusion
(BHI) broth or agar (Difco). P. aeruginosa and A.
hydrophila (Isolate 5046) were propagated in BHI broth
and/or MacConkey agar. Isolates were incubated at
35°C. Bacterial isolates were stored at –70°C.

Reference strains. Reference strains (American Type
Culture Collection) were used to monitor the in vitro
procedures as recommended by the National Commit-
tee for Clinical Laboratory Standards (NCCLS 1999).
The strains included Escherichia coli (ATCC# 25922),
Pseudomonas aeruginosa (ATCC# 27853), Enterococ-
cus faecalis (ATCC# 29212), and Staphylococcus
aureus (ATCC#25923).

Tricide™. The Tricide™ formula consists of 8 mM
USP disodium ethylenediaminetetraacetate dehydrate
(chelator) (Research Genetics) and 20 mM USP 2-amino-
2-hydroxymethyl-1,3-propanediol (buffer) (Sigma).
Neomycin sulfate (Pharmacia and Upjohn) or oxytetra-
cycline HCl (Pfizer) was added at a concentration of
500 mg l–1 to the Tricide™ solution. 

Antibiotic resistance profiles. Antibiotic resistance
profiles were determined by the disc-diffusion method
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on Mueller-Hinton agar plates (NCCLS 1999, Walker
2000). Antibiotics tested included ampicillin, chloram-
phenicol, kanamycin, gentamicin, nalidixic acid,
neomycin, streptomycin, sulfasoxazole, and tetra-
cycline.

Minimum inhibitory concentration (MIC) and min-
imum bactericidal concentration (MBC). MICs for
the test formulations were determined by the
microtiter broth dilution susceptibility test (Forbes et
al. 1998, NCCLS 1999, Walker 2000). Approximately
5 × 105 colony-forming units (CFU) ml–1 (NCCLS
1999) of the test organism in 50 µl of BHI broth were
added to microtiter wells containing serial 2-fold dilu-
tions of the antimicrobial solutions (50 µl) in BHI
broth. Plates were incubated at 35°C with shaking
(100 rpm) for 24 and 48 h and the results of growth
used to determine the MIC values. Determination of
MBCs was made by the inoculation of 10 µl from
each well of the microtiter plates onto appropriate
agar plates. The plates were incubated at 35°C and
examined for bacterial growth after 24 and 48 h
(Forbes et al. 1998). 

Antibacterial efficacy tests. Three samples of Tri-
cide™ and 1 sample of Tricide™ with neomycin were
compared to laboratory standard solutions with the
same concentrations of chelator, buffer, and neomycin.
The Tricide™ samples and the laboratory standard
were inoculated with the 4 test organisms in the
microtiter MIC format. End-points were then com-
pared after incubation overnight. 

pH values. pH values were calculated on a Thermo
Orion LogR temperature-compensated H meter over a
9 d period in order to determine the stability of Tri-
cide™.

Selection of resistant mutants. An attempt to induce
resistant mutants to Tricide™, Tricide™ with neo-
mycin, and Tricide™ with oxytetracycline was done by
a stepwise selection technique (NCCLS 1999). The test
organisms (106 CFU) were inoculated into a series of
tubes containing 2-fold dilutions of Tricide™ or Tri-

cide™ with neomycin or oxytetracycline
in BHI broth. Tubes were incubated at
35°C for 18 to 24 h. The tube containing
the highest concentration of Tricide™ or
Tricide™ with antibiotic that showed
growth was used to inoculate another set
of tubes also containing 2-fold dilutions in
BHI broth. This process was repeated
until a resistant mutant was obtained or
up to a limit of 5 serial passages (Wooley
et al. 2000). 

RESULTS

The antibiotic resistance profiles of the test organ-
isms are presented in Table 1. Streptococcus iniae (Iso-
late DAN14) and Pseudomonas aeruginosa had the
most antimicrobial resistances including resistance to
neomycin and tetracycline. Staphylococcus aureus was
resistant to 5 of the 8 antibiotics tested, including
neomycin. Aeromonas hydrophila (Isolate 5046) was
resistant to 2 of the 8 tested, but was sensitive to
neomycin and tetracycline. The MIC and MBC values
for Tricide™ reactions with the 4 test organisms are
shown in Table 2. The lowest MICs were seen for S.
iniae and S. aureus, while greater MICs were observed
for A. hydrophila and P. aeruginosa. The antimicrobial
activity of neomycin and oxytetracycline was potenti-
ated when combined with sub-MIC amounts (<50% of
MIC value) of Tricide™. As shown in Table 3, the
amounts of neomycin and oxyteracycline required to
inhibit the growth (MIC) or kill (MBC) the 4 test organ-
isms decreased from 50 to 99%. 

Antibacterial efficacy tests

The MIC and MBC values for Tricide™ and Tricide™
with neomycin were identical to those of the laboratory
standard of chelator buffer with and without neomycin
when tested against the 4 test organisms.
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Organism Antimicrobial agent
AM CM GM KN NE NA ST SU TE

Pseudomonas aeruginosa R R I R R R R R R
Staphylococcus aureus R S S R R R I R S
Aeromonas hydrophila R S S S S S S R S

(Isolate 5046)
Streptococcus iniae S R R R R R R R R

(Isolate DAN 14)

Table 1. Antibiotic resistance profiles of 4 test organisms. AM = ampicillin;
CM = chloramphenicol; GM = gentamicin; KN = kanamycin; NE = neo-
mycin; NA = nalidixic acid; ST = streptomycin; SU = sulfasoxazole; TE =
tetracycline; R = resistant; I = intermediate; S = susceptible. In vitro inter-

mediate sensitivity is considered clinically resistant

Organism MIC Tricide™ MBC Tricide™

Pseudomonas aeruginosa 1.0× 2.0×
Staphylococcus aureus 0.125× 1.0×
Aeromonas hydrophila 0.25× 0.25×

(Isolate 5046)
Streptococcus iniae 0.125× >5.0×

(Isolate DAN 14)

Table 2. Minimal inhibitory concentrations (MIC) and mini-
mal bactericidal concentrations (MBC) of Tricide™ for 4 test

organisms
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pH stability

Initially, the 3 samples of Tricide™ and 1 of Tricide™
with neomycin had the following pH values: 8.03, 8.03,
7.97, and 7.84, respectively. A reconstituted sample of
Tricide™ stored at room temperature had the following
pH values over a 9 d period: 7.68, 7.68, 7.65, 7.72, 7.72,
7.64, 7.67, 7.70, and 7.67, showing the stable nature of
the compound. 

Selection of resistant mutants

No resistant mutants to solutions of Tricide™ or com-
binations of Tricide™ with neomycin or oxytetra-
cycline developed after 5 serial passages. 

DISCUSSION

The premise that antibiotic resistance is developing
in microorganisms (Fluit et al. 2001), along with other
mechanisms such as the development of biofilms by
Pseudomonas aeruginosa (Krieg et al. 1988), makes
the control of bacterial infections with antimicrobial
agents that react at the structural or biochemical levels
more and more difficult. It is apparent that control of
infections will require agents that physically damage
the causative organism beyond the point that it can
successfully repair itself. Tricide™ appears to meet this
requisite of antimicrobial activity by physically altering
bacterial cells. When Tricide™ was mixed with
neomycin or oxytetracycline, the combined product
had greater antibacterial action over either one used
alone. The evidence that solutions of Tricide™
enhances the antimicrobial action of neomycin and
oxytetracycline and reduces the potential to develop
multi-drug-resistant bacteria makes these combina-
tions an attractive alternative method for the treatment
and control of superficial bacterial infections in fish.

Previous studies in our laboratory have shown that
organisms that develop antibiotic resistance to
neomycin or oxytetracycline when pressured with
these drugs remain antibiotic-sensitive when com-
bined with Tricide™ (authors’ unpubl. data). Tricide™
with and without the addition of antimicrobial agents
could be used as a prophylactic treatment of newly
acquired fish before being introduced into an aqua-
rium, and also in the treatment of fish with superficial
infections in small treatment tanks. This treatment
regime would be especially valuable in the prevention
and treatment of bacterial diseases in ornamental fish.
In summary, Tricide™, due to its potentiation of the
antimicrobial action of neomycin and oxytetracycline,
makes bacteria that are resistant to these drugs sus-
ceptible; it is pH-stable; prevents or reduces the devel-
opment of antibiotic-resistant bacteria; has a shelf life
of over 600 d at this time (authors’ unpubl. data); is
relatively cost-effective; and has been used success-
fully to treat fish topically in small treatment tanks
(authors’ unpubl. data). 
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