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Abstract. Prevention of disease in Osphronemus gouramy due to infection with A. hydrophila
can be done by using immunostimulants, one of which is using Spirulina platensis extract. The
purpose of this study was to determine the effect of S. platensis extract on gill histopathology
and survival rate of O. gourami after being infected with A. hydrophila. The fish were divided
into three groups: fish without addition of S. platensis extract and infected with PBS (K-);
without giving the S. platensis extract and infected with A. hydrophila (K+); and given extracts
of S. platensis at 75, 150 and 300 mg/kgof feed and infected with A. hydrophila. The results
showed the lowest value of gill damage was obtained in fish with the addition of 75 mg/kg of
feed of S. platensis extract (1.22) and the highest damage was in K+ (2.67). The highest survival
rate was found in the addition of 75 mg/kg of feed of S. platensis extract (91.67%) and the lowest
was in K+ (70.83%). It can be concluded that the addition of S. platensis extract75 mg/kg of feed
proved to be the most effective in reducing gill damage and increasing the survival rate of fish.

1. Introduction

Giant Gourami (Osphronemus gouramy) is a consumption fish that is much favoured by the people of
Indonesia [1]. A serious problem in the fish farming of giant gourami is the emergence of diseases
caused by Aeromonas hydrophila, namely Motile Aeromonas Septicemia (MAS). A. hydrophila can
infect through injured body surfaces or gills [2]. The gills are the main organs that work in the diffusion
mechanism between blood and water so that the gills have a great chance of being exposed to pollutants
in the waters [3]. Damage to the gills can cause gill function to be not optimal and can interfere with
respiration, causing death.

Efforts to control the disease, fish farmer still use antibiotics or other chemicals, but the use of these
antibiotics is not environmentally friendly because it causes A. hydrophila to be resistant to some
chemicals. Disease prevention can be done by using immunostimulants [4]. One of the algae that can be
used as an immunostimulant is Spirulina sp.[5].

Suggested by [6] that hot water extraction Spirulina platensis can release chemical compounds in the
form of polysaccharides that can stimulate the immune system in fish and shrimp. Polysaccharides are
known to be able to make contact with intestinal epithelial cells or cellular components in the intestine
that are associated with lymphoid tissue resulting in immune cell activity [7]. Said by [8] that
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lipopolysaccharide (LPS) can stimulate the activity of cellular defence responses, in this case activating
phagocytosis, melanisation, encapsulation, nodulation and coagulation activities.

Control of disease expansion must be carried out as early as possible so that disease outbreaks do not
occur, causing economic losses [8]. Based on this, it is necessary to conduct research to determine the
effect of hot water extract of Spirulina platensis on gill histopathology and survival rate of giant gourami
after infected with A. hydrophila).

2. Methods

2.1. Procedure

The test animals used were giant gourami with a size range of 9-10 cm and a weight of 10-12 grams.
Prior to the research, giant gourami was given acclimatization treatment for approximately one week,
after which they were put into an aquarium equipped with an aerator. Making hot water extraction of
Spirulina platensis based on the method of [9] with a ratio of 1:10, namely 20 g of Spirulina platensis
flour was added to 200 ml of water, then boiled and stirred for 1 hour at 90°C. Then it was centrifuged
at 3000 rpm for 30 minutes to separate the precipitate and supernatant. The supernatant was dried using
the freeze-drying process and obtained a dry weight of 3.382 g. The resulting extract was mixed with
commercial feed according to the treatment dose and was given binder in the form of 2 grams of egg
white and 15 ml of PBS (1% of the total feed). The feed mixture was stirred homogeneously and dried
in an oven at 50-60°C for 6 hours.

Before being challenged, A. hydrophyla was passed (malignant) first. Passage is done by infecting
healthy giant gourami with A. hydrophyla. A. hydrophyla was then isolated on the part of the organ or
skin that was injured due to infection with A. hydrophyla. The bacteria were ready to be cultured and
then inoculated on Tryptic Soy Agar (TSA) media for 24 hours at a temperature of 30°C, after which
they were identified through observation of colony shape and biochemical tests. The giant gourami that
had been given Spirulina platensis extract for 14 days was then challenged with A. hydrophyla.

The research treatment given was A (positive control) fish injected with bacteria but not fed extract,
B (negative control) where the fish were not injected with bacteria and not fed extract. Treatments were
C (75 mg/kg feed), D (150 mg/kg feed), E (300 mg/kg feed) and were infected with 0.1 ml of A.
hydrophyla with a total of 108 CFU/mI [10]. The main parameters observed in this study were gill
histopathology and survival rates of giant gourami. Supporting parameters observed were water quality
measurements consisting of temperature, pH, dissolved oxygen (DO) and ammonia.

2.2. Data Analysis

The data obtained from the scoring results of the gill histopathology were analysed by the Kruskall-
Wallis test and if there was a significant difference between the treatment groups (p <0.05), then
continued with the Mann-Whitney test [11]. While the survival rate data were analysed using the
Analysis of Variance (ANOVA) statistical test with a 95% confidence interval and continued with
Duncan's multiple distance test to determine the difference between treatments [12].

3. Results and Discussion
3.1. Clinical Sign
Giant Gourami (Osphronemus gouramy) which has been infected with A. hydrophila was observed for
clinical signs that appear through observation of wounds and behaviour of giant gourami. The results
showed that in treatments A, C, D and E there were wounds and dilation at the injection site, scales fell
off and bleeding around the injection site. On the 3rd day post-infection, fish treatment A showed that
the injection site was getting wider and the fish flesh was exposed. Observation of behaviour in
treatments A, C, D and E, fish experienced decreased swimming movements, tilted swimming and fish
tended to cluster at the aeration source and swim on the surface. In treatment B (control -) the fish looked
normal and there was no dilation at the injection site, the fish movement was active and there was no
change.

A. hydrophila can be isolated from the internal organs of fish and from skin wounds caused by A.
hydrophila attacks. The isolated bacteria were then cultured on TSA media for 24 hours at 30°C.
Colonies of A. hydrophila that had been inoculated and grown on TSA media were then identified to
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determine whether the species that attacked carp was caused by A. hydrophila or not. Bacterial
identification was carried out at Balai Karantina lkan Kelas Il Perak Surabaya. The results of the
biochemical test showed a positive result that the bacteria that attacked the giant gourami was a type of
A. hydrophila.

3.2. Gill Histopathology

Gills are the main respiratory organs in fish that work in the diffusion mechanism of respiratory gases
between blood and water. The gills are formed from hardened cartilage arches with several filaments
consisting of primary lamellae that have many branches and are called secondary lamellae [13]. The
results of microscopic examination showed gill damage in the form of secondary lamellae hyperplasia,
lamellae congestion and fusion with varying degrees of damage, ranging from slight to severe. Gill
damage of giant gourami (Osphronemous gouramy) in each treatment can be seen in Figure 1.

Figure 1. Histopathological Result of Giant Gourami Gill in Treatments A, B, C, D and E.
Staining HE, Magnificationon200 times.
Description: A: control +, B: control -, C: dose 75 mg/kg feed, and E: dose 300 mg/kg feed.
— Indicates damage to the gills, F indicates fusion, r: slight, s: moderate and b: severe, K
indicates congestion and H indicates hyperplasia.

The results of the examination based on the score and average gill damage are presented in Table

1.
Table 1. Average Histopathological Data on Giant Gurame Gill Damage
Treatments Average of Gill Scoring £SD
A (control +) 2.667¢ +0.471
B (control -) 1.000°¢ +0.000
C (75 mg/kg feed) 1.222° +0.157
D (150 mg/kg feed) 2.222%  +0.314
E (300 mg/kg feed) 2.333% +0.942

Note: Different superscript letter notations in the same column indicate that
there is a significant difference between treatments. (F count >F table 0.05).
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Determination of the level of gill damage at various degrees of infection was carried out using the
scoring method. Based on the Kruskal Wallis test, there were significant differences between treatments
in histopathological gill damage (p<0.05). Treatment B obtained the lowest average damage value of
1,000, this was because in treatment B it was not infected with bacteria so that the fish's functional
system and immune system were normal. Gill damage in this treatment is thought to be due to the
influence of cultivation media or less sterile equipment, so that contaminants, disease or bacteria can
easily attack the gills.

The lowest average level of damage in the treatment was obtained in treatment C (75 mg/kg feed)
which was 1.222. Treatment D (150 mg/kg feed) had an average score of 2.222 while treatment E (300
mg/kg feed) was 2.333. Treatment C got the lowest score (slight fusion level), it is suspected that this
treatment is the right concentration of Spirulina platensis extract added in giant gourami feed. Spirulina
platensis contains biologically active compounds including polysaccharides and lipopolysaccharides
(LPS) [14]. LPS will be recognized by a receptor, TLR-4 which is found on the surface of leukocytes.
TLR-4 functions as a dimer, and relies on the small protein MD-2 to recognize LPS [15]. The released
LPS binds to lipopolysaccharide binding protein (LBP) with the help of the TLR-4 receptor and forms
an LBP-LPS complex [16]. The LBP-LPS complex with the help of the TLR-4 signal will stimulate
macrophages, neutrophils and monocytes to produce and release proinflammatory cytokines [17]. These
cytokines function to activate phagocytic activity against bacterial cells so that bacteria cannot
reproduce.

Treatment D and E had a higher level of damage, namely moderate fusion and some severe fusion,

this is presumably because the concentration of Spirulina platensis extract given was too much so that
it was toxic. This is related to the role of LPS in activating macrophages to produce cytokines. Cytokines
in large quantities or uncontrolled products can cause oxidative stress, harm the body and can cause
tissue damage in the host [18]. This is thought to cause higher fusion in treatments D and E.
Treatment A (control +) got the highest average score of 2.667, which means the level of secondary
lamellae damage is getting higher. This is presumably due to the decreased immunity of fish due to the
attack of A. hydrophila, so that bacteria can easily attack the target organ, namely the gills. Gill damage
due to infection with A. hydrophila will cause disturbances in the respiration process so that the transport
of respiratory gases (O2 and CO,) also does not run normally, which ultimately causes fish death [19].

3.3. Survival Rate

Data on the survival rates of giant gourami (Osphronemus gouramy) after infection with A. hydrophila
are presented in Table 2.

Table 2. Survival Rates of Giant Gourami (Osphronemus gouramy) after Infection with A. hydrophila

Treatments Survival Rates (%) £SD
A (control +) 70.833* +0.098
B (control -) 91.667° +0.291
C (75 mg/kg feed) 91.667° +0.291
D (150 mg/kg feed) 83.333® +0.125
E (300 mg/kg feed) 87.500® +0.000

Note: Different superscript letter notations in the same column indicate that
there is a significant difference between treatments. (F count >F table 0.05).

Based on the ANOVA test on the effect of treatment on survival showed a significant value (p <0.05).
The highest survival rate of giant gourami was obtained in treatment B (negative control) which was
91.667% and C, which was 91.667%. Treatment B (negative control) got the highest survival value
because the fish were not infected with A. hydrophila so that the fish's body functions continued to run
normally. According to [20], in relatively low concentrations LPS can function as an immunomodulator,
which can increase the nonspecific immune system to attack bacteria. In this study, the lowest extract
dose, namely treatment C (75 mg Spirulina platensis extract/kg feed) obtained the highest survival rate
compared to other treatments. It is suspected that the treatment is the right concentration which causes
the fish's functional system is not disturbed.
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Treatment D (150 mg Spirulina platensis extract/kg feed) and E (300 mg Spirulina platensis
extract/kg feed) had lower survival values. This is presumably due to the addition of too much Spirulina
platensis extract so that the lipopolysaccharide content is toxic to fish. Excessive addition of
lipopolysaccharide can induce the production and release of inflammatory cells such as Reactive
Oxygen Species (ROS) which can cause chain reactions, and also trigger several types of infection
(inflammatory) in macrophage cells and other cells [17];[21].

The lowest survival was found in treatment A (positive control) which was 70.833% where in this
treatment the giant gourami were infected with bacteria but were not given feed containing Spirulina
platensis extract. The low survival rate was influenced by the high level of damage to the gill lamellae
in treatment A due to the attack of A. hydrophila. This gill damage causes disturbances in the respiration
process so that O transport also does not run normally, which ultimately causes fish death.

3.4. Water Quality

Water quality according to [22] is the nature of water and the content of living things, energy substances,
or other components in the water. The range of measurement results of water quality parameters during
the maintenance period of giant gourami (Osphronemus gouramy) is presented in Table 3.

Table 3. Water Quality Data during Research

Water quality Treatments
parameters A (K+) B (K-) C D E
Temperature Morning 27-29 27-29 27-29 27-29 27-29
(°C) Afternoon 28-30 28-30 28-30 28-30 28-30
DO (mg/l) Morning 5.4-6.2 5.75-6.15 5.6-6.27 4.96-6.17 5.18-6.05
Afternoon 5.75-6.25 5.45-6.05 5.5-6.16 5.2-6.12 5.7-6.08
H Morning 7 7 7 7 7
P Afternoon 7 7 7 7 7
Ammonia Morning 0.5-1 0.5 0.5-1 0.5-1 0.5-1
(mg/l) Afternoon 0.5-1 0.5 0.5 0.5-1 0.5

The results of water quality measurements obtained during the study generally indicate that the water
quality is still in the optimal range to support the maintenance of giant gourami. Based on observations
of water temperature in the morning, the range is between 27-29°C and in the afternoon between 28-
30°C. This condition is in accordance with the statement by Handajani [23] that the optimal temperature
for giant gourami is 25°C-30°C. Temperatures below 21°C will reduce the growth rate of fish so that it
will reduce the ability of hormones to change sex [24].

DO (dissolved oxygen) is the level of oxygen dissolved in water. Dissolved oxygen (DO) content
ranged from 4.96-6.27 mg/L. According to [25] the optimal value of dissolved oxygen in the waters is
4.4-7.6 mg/L. The degree of acidity (pH) during the study was still in the normal range of 7, this is in
accordance with the statement by [23] that the optimal pH for giant gourami is 7-8. Giant gourami will
experience growth disturbances if the pH is <4 or >11, which is an unfavourable condition for fish/lethal.
Ammonia content during the study ranged from 0.5-1 mg/L. This water condition is quite normal for
fish growth because according to [25] the ideal ammonia level for life is less than 1 ppm. Toxicity will
increase as the pH decreases and the dissolved oxygen decreases.

4. Conclusion

The conclusion of this study is that the addition of hot water extract of S. platensis has an effect on the
histopathology of giant gourami gills, namely reducing the average damage to gill lamellae and can
increase the survival of giant gourami after infected with A. hydrophila. The best dose of hot water
extract Spirulina platensis which affects the histopathology of gills and the survival of giant gourami
after infected with A. hydrophila is a dose of 75 mg/kg of feed (Treatment C). Based on this research, it
is recommended that the application of adding Spirulina platensis hot water extract to giant gourami
feed should use an effective dose of 75 mg extract/kg feed. Furthermore, it is hoped that there will be
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further research on the benefits of Spirulina platensis extract in treating diseases and normalizing
damage to important fish organs so that fish survival will also increase.
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Studies of early life stages may require very large numbers of individuals. In all cases, studies
should be designed to use the fewest animals necessary to reliably answer the questions posed.
The use of adequate numbers to establish variance and to ensure reliability is essential so as to
prevent needless repetition of the study (ASIH et al. 1987, 1988). A true “replicate” is the
smallest experimental unit to which a treatment can be applied independently. Pseudoreplication
can result from wrongly treating multiple samples from one experimental unit as multiple
experimental units or from using experimental units that are not statistically independent
(Heftner et al. 1996). Statistical power analysis can improve designs of experiments (Peterman
1990). Conducting statistical power analyses ensures the development of study designs that have
the appropriate statistical power to accomplish research objectives.

2.4 Mortality as an Experimental Endpoint

In laboratory studies, experimental endpoints, other than death of the experimental subjects,
should be developed unless mortality is required by the study protocol. The use of mortality as
an endpoint is appropriate when one or both of the following criteria are met: (1) Little or no
information pertaining to research objectives is available on the species of interest or the
experimental variable being imposed (e.g., short-term, limited mortality studies may be used to
develop experimental limits for subsequent sublethal studies), and (2) mortality data are required,
or at least preferred, by a sponsoring agency to provide a basis for criteria development as part of
a regulatory process. Studies that require mortality endpoints include, but are not limited to,
those concerning the effects of pathogens and parasites, toxicological research, and physiological
tolerance.

2.5 Fish Health Management: Control of Pathogens and Parasites

In laboratory studies involving fishes, healthy subjects are prerequisites for reliable data (Jenkins
2011a), unless an infectious disease is part of the experimental protocol. Fish used in research
must be free of any notable microbial presence that could indicate a diseased condition. Fish
free from infectious fish pathogens generally will be satisfactory; however, an unrecognized
disease condition, even at chronic or nonlethal levels, can seriously confound research results
(Lawrence et al. 2012). The source of fish used in research will, in general, influence their
health status. Fish raised in captivity have a level of health oversight that will not occur in wild-
caught fish. When inquiring about the health status of fish at a culture facility, the researcher can
request specific information including any available fish health inspection reports. When fish are
brought into a laboratory setting from the wild, the researcher should expect that microorganisms
are present. If no disease symptoms are apparent, this is no guarantee that these wild-caught fish
are free from problematic disease organisms. Once those fish are in a laboratory setting, the
culture conditions and associated stressors will be very different from those in the natural
environment, whereby an active disease event can develop. Many laboratories will administer
formalin baths to newly arrived fish during an acclimation period (see section 7.3 Acclimation to
Laboratory Conditions). The goal is to eliminate external protozoa and monogeneans from the
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4. Animal Welfare Considerations

4.1 General Considerations

Research involving living animals, including fishes, must be based on experimental designs and
animal care practices that can lead to scientifically valid results. Fishes are acutely sensitive to
stress (e.g., Barton and Iwama 1991), and responses may include changes in behavior (e.g.,
Martins et al. 2012), reduced growth, changes in osmotic status, suppressed immune systems
(with consequent disease onset), and altered reproductive capacity (Iwama et al. 2006; Schreck
et al. 2001; Schreck 2010). Accordingly, unless the experimental objectives require actions or
conditions designed to test responses to stress, fishes should be maintained, handled, and tested
under conditions that will not create such responses. The Guidelines addresses the conduct of
scientific research and focuses on established facts and the processes through which knowledge
is developed. Research plans submitted to IACUCs should address animal care considerations,
in addition to the details of research goals, objectives, and procedures. The extent to which
IACUCSs incorporate personal values concerning animal welfare into their institutional guidelines
is determined within each institution.

4.2 Stress

The study of stress has focused on how animals have evolved physiological and behavioral
mechanisms to address the challenges of changing environmental conditions and then to permit
them to maintain homeostasis, or self-sustaining balance. The set of environmental variables
(conditions) best suited for the well-being of each species typically encompasses a specific range
for each factor and species (see section 5.7 Facilities for Temporary Holding and Maintenance),
as stress responses are species-specific (Schreck 2010). Accordingly, when fishes are
maintained within these ranges, a state of homeostatic balance is expected. Deviations from
homeostasis characterize a stress response. While many definitions for stress have been
proposed, we employ the definition of Schreck (2000) and Schreck et al. (2001): “a physiological
cascade of events that occurs when the organism is attempting to resist death or reestablish
homeostatic norms in the face of insult.” When stressed, fish generally attempt to reestablish
homeostasis via a process known as “allostasis regulation in which they adjust their
physiological function to re-establish a dynamic balance” (Sterling and Eyer 1988). While
allostasis is generally adaptive because it helps keep animals alive in the face of a short-term
stressor(s), it can be maladaptive over the long term and have negative consequences on growth,
reproduction, and immunological health (Schreck 2010). Accordingly, investigators need to
understand those factors that might cause stress in their experimental animal(s), the potential
consequences, and how stress might be avoided by optimizing experimental conditions.
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the care and use of
fish in research,
teaching and

testing

A. PREFACE

The Canadian Council on Animal Care (CCAC)
is the national peer review agency responsible
for setting and maintaining standards for the
care and use of animals used in research, teach-
ing and testing throughout Canada. In addition
to the Guide to the Care and Use of Experimental
Animals, vol. 1, 2™ ed., 1993 and vol. 2, 1984,
which provide the general principles for the
care and use of animals, the CCAC also publish-
es detailed guidelines on issues of current and
emerging concerns. The CCAC guidelines on: the
care and use of fish in research, teaching and testing
is the seventh of this series. This document
supersedes Chapter I - Fish, Guide to the Care and
Use of Experimental Animals, vol. 2 (CCAC,
1984).

These guidelines aim to provide information for
investigators, animal care committees, facility
managers and animal care staff that will assist
in improving both the care given to fishes and
the manner in which experimental procedures
are carried out.

The present document has drawn substantially
from the work of organizations listed in
Appendix A. Their contributions to the devel-
opment of these guidelines are gratefully
acknowledged.

The guidelines have been developed by the
CCAC subcommittee on fish and were
reviewed by a total of 69 experts. A preliminary
first draft was agreed on by the subcommittee
and circulated to experts in June 2002 (including
representatives of the organizations listed in
Appendix A), and a second draft was circulated
for widespread comment in June 2003. A final
review was carried out in August 2004 involv-
ing all individuals who had previously provid-
ed significant input to the development process.
The development of these guidelines also
involved consultation with the Canadian
Association for Laboratory Animal Science
(CALAS) and the Canadian Society of
Zoologists (CSZ) through workshops held at
annual meetings in Québec City (June 2003),
Acadia University (May 2004), and Hamilton
(June 2004). Consultations were also held at the
Aquaculture Association of Canada and
AquaNet annual meetings in Québec City
(October 2004), and at the CCAC Workshop on
the Fish Guidelines in Vancouver (April 2005).

The guidelines have been organized in a format
that should facilitate easy access to relevant sec-
tions. Early sections provide an ethical
overview relevant to the use of fishes in
research, teaching and testing. This is followed
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by a brief overview of regulations and responsi-
bilities relevant to the care and use of fishes in
science in Canada. The remainder of the docu-
ment provides guidelines to assist in caring for
fishes in laboratory facilities, followed by
guidelines to help in the development and
review of experimental protocols. An overview
of the CCAC guidelines on: the care and use of fish
in research, teaching and testing is provided
through a summary of the guidelines listed in

this document prior to the beginning of the
main text.

The refinement of animal care and use guide-
lines is a continuous process. These guidelines
are intended to provide assistance in the imple-
mentation of best practices, and should not be
viewed as regulations. Where regulatory
requirements are involved or where it is
absolutely imperative to adhere to a particular
guideline, the term must has been used.



B. INTRODUCTION

The greatest challenge in providing guidelines on:
the care and use of fish is the wide variety of fishes
used in Canada and the diversity of their habits,
behavior, life history, and environmental and
husbandry requirements. In addition, the scien-
tific information required to define the preferred
conditions for fish well-being is limited. While
considerable research has been conducted on
culture strategies and environmental and water
quality requirements, such studies have general-
ly been aimed at determining conditions that
optimize production in aquaculture systems,
rather than improving the welfare of fishes, and
have not usually addressed the difference
between tolerance and preference (Fisher, 2000).

An important consideration in these guidelines
is the naturally high mortality rates of juveniles
in species whose ecological strategies include the
generation of large numbers of progeny to
ensure adequate survival in the wild. In
addition, many experimental populations of
species with usually high survival contain indi-
viduals that will not thrive to adulthood even
under the best environmental conditions. In
some situations, a population-based (or a group
of study fish) approach to well-being may be
appropriate, but individuals that are not likely to
thrive should be euthanized as soon as they are
identified.

Another consideration for these guidelines is the
general acceptance by the public of the current
killing methods used in harvesting wild fishes or
in recreational angling. In general, the public
appears to be willing to accept these killing
methods for food production but not when fish-
es are used for research. These guidelines accept
that for research, teaching, and testing use of any
animal, including fishes, more emphasis will be
placed on individual well-being than is general-
ly accepted for the commercial harvesting or pro-
duction of animals for food. It is recognized,
however, that in some instances investigators
may obtain fishes from people involved in com-
mercial or recreational harvesting and have little
influence over the capture methods.

These guidelines apply to fishes held in facilities
for research, teaching and testing, as well as to
fishes that are studied in their natural habitats.

1. Definition of Fish

For the purpose of these guidelines, fishes are
defined as all bony and cartilaginous fish genera
(classes Chondrichthyes [cartilaginous fishes],
Agnatha, and Osteichthyes [bony fishes]). Fish
eggs, embryos or larvae that have not developed
beyond exclusive reliance on their own yolk
nutrients are not covered by these guidelines.
Similarly, invertebrates (except cephalopods) are
not covered under the CCAC system of surveil-
lance, but institutions are encouraged to foster
respect for these animals by ensuring that hold-
ing facilities and levels of husbandry meet stan-
dards equivalent to those used for fishes.

2. Rationale for Guidelines on the
Care and Use of Fish

The use of fishes as experimental subjects has
increased substantially over the past two
decades. This increase in use is a result of the
rapid development of the aquaculture industry,
requirements for testing involving fishes as indi-
cators of environmental change, and the use of
fishes as a replacement for mammals in biomed-
ical, pharmacological and genetic research
(DeTolla et al., 1995; Fabacher & Little, 2000). The
trend toward the use of fishes as a replacement
for studies that would previously have used
mammals as experimental subjects is not dis-
couraged. However, it must also be recognized
that fishes have the capacity to perceive noxious
stimuli. Noxious stimuli are those stimuli that
are damaging or potentially damaging to normal
tissue (e.g., mechanical pressure, extremes of
temperature and corrosive chemicals). Whether
or not fishes have the capacity to experience any
of the adverse states usually associated with pain
in mammals is subject to a great deal of debate in
the scientific literature (FAWC, 1996; FSBI, 2002;
Rose, 2002; Braithwaite & Huntingford, 2004).
Nonetheless, fishes are capable of behavioral,
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physiological and hormonal responses to stres-
sors (including noxious stimuli) which can be
detrimental to their well-being. These CCAC
guidelines both support the leadership role that
Canadians play in fish research, and ensure that
the welfare of fishes is carefully considered dur-
ing the use of fishes for research, teaching and
testing, recognizing that better welfare will result
in better science.

3. Ethical Overview

Guideline 1:

Fishes used in research, teaching and testing
must be treated with the respect accorded to
other vertebrate species.

The CCAC's surveillance system for animals
used in research, teaching and testing is based on
the principles of humane science, i.e. the Three
Rs of Russell and Burch (Russell & Burch, 1959) -
Reduction, Replacement and Refinement. For the
CCAC, these principles are laid out in its policy
statement on: ethics of animal investigation (CCAC,
1989). The ethics of animal investigation applies to
all species covered by the CCAC system, i.e. all
vertebrates and cephalopods.

In addition, the CCAC system takes a "moral
stewardship" approach to the use of animals
in science as explained in the CCAC Experi-
mental Animal User Training Core Topics -
Module 2, Ethics in Animal Experimentation
(http:/ /www.ccac.ca/en/CCAC_Programs/
ETCC/Module02/toc.html).

The first guideline statement in the CCAC guide-
lines on: institutional animal user training (CCAC,
1999a) states, "Institutions must strive through
their training programs to sustain an institution-
al culture of respect for animal life".

3.1 Principles of the Three Rs

According to the CCAC policy statement on: ethics
of animal investigation (CCAC, 1989), it is the
responsibility of the local animal care committee
(ACCQ) to ensure that fishes are used only if the
investigator's best efforts to find a non-animal
model have failed.

As for any other species covered by the CCAC
system, investigators using fishes are required to
use the most humane methods on the smallest

number of animals necessary to obtain valid
information. This requires the use of a sound
research strategy, including: identification of key
experiments that determine whether a particular
line of enquiry is worth pursuing; use of pilot
studies; staging of in vitro to in vivo experiments
where possible; and implementation of staged
increase in test stimuli where possible (Balls et al.,
1995). The numbers and species of animals
required depend on the questions to be explored.
Field studies, aquaculture studies and laboratory
studies require different statistical designs; field
studies and aquaculture production typically
require the use of larger numbers of animals. The
life stage of the fishes used in each study will
also affect the numbers of animals needed.
Studies of early life stages typically require large
numbers of individuals. In all cases, studies
should be designed to use the fewest animals
necessary. Heffner et al. (1996) and Festing et al.
(2002) provide discussions on the appropriate
treatment of samples and experimental units.
Investigators are encouraged to consult with a
statistician to develop study designs that have
the appropriate statistical power to accomplish
the research objectives (Nickum et al., 2004).

The CCAC policy statement on: ethics of animal
investigation (CCAC, 1989) also requires adher-
ence to the following principles:

® animals must be maintained in a manner that
provides for their optimal health and well-
being, consistent with the demands imposed
by the experimental protocol;

e animals must not be subjected to pain and/
or distress that is avoidable and that is
not required by the nature of the relevent
protocol;

® expert opinion must attest to the potential
value of studies with all animals, including
fishes (e.g., scientific merit for research, see
CCAC policy statement on: the importance of
independent scientific merit of animal based
research projects [CCAC, 2000a]; pedagogical
value for teaching; and the appropriateness of
the method to provide data for testing accord-
ing to current regulatory requirements);

e if pain or distress is a justified component of
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the study, the intensity and duration of
pain/distress must be minimized; and

* ananimal observed to be experiencing severe,
intractable pain and/or distress should
immediately be killed using an approved
method of euthanasia.

Meeting the principles outlined above requires
that fishes be accorded the same degree of care as
other animals under the CCAC system. There are
two main ethical drivers for CCAC guidelines: to
maximize animal well-being, and to minimize
pain and/or distress. Any factor that disturbs the
normal physiological balance of an animal has an
effect on the studies being conducted, and there-
fore should be avoided or minimized for scientif-
ic as well as ethical reasons, unless the factor
itself is the subject of investigation.

Fishes comprise a great number of species, each
with specific anatomical, physiological and
behavioral characteristics. Investigators and ani-
mal care staff should therefore acquaint them-
selves with the characteristics of the species pro-
posed to ensure that appropriate facilities and
husbandry procedures are in place prior to
obtaining the animals.

4. Responsibilities

Descriptions of the responsibilities of investiga-
tors, animal care committees (ACCs) and veteri-
narians are provided here; however, more
detailed information is given throughout these
guidelines to assist both investigators and mem-
bers of ACCs to meet their responsibilities.

4.1 Responsibilities of investigators

4.1.1 Protocols involving the use

of fish

Guideline 2:

Projects involving the use of fishes for
research, teaching or testing should be
described within a protocol. Protocols should
be approved by an animal care committee
prior to the commencement of the work.

Investigators are responsible for obtaining ACC
approval before beginning any animal-based
work. For further details concerning the informa-

tion that should be included in a protocol form to
be submitted to an ACC, see CCAC guidelines on:
animal use protocol review (CCAC, 1997a); and
CCAC policy statement on: terms of reference for ani-
mal care committees (CCAC, 2000b) or most recent
revisions. Investigators obtaining fishes from the
wild or carrying out field studies should also
consult the CCAC guidelines on: the care and use of
wildlife, Section B 3.1.1.1 Protocols involving the
use of wildlife (CCAC, 2003a).

When working outside of Canada, Canadian
investigators are subject to the same guidelines
that apply to work within Canada, as well as to
the relevant legislation, regulations and guide-
lines pertaining to animal care in the country
where the work is conducted. This also applies to
collaborative research projects, whether the work
is conducted in Canada or elsewhere (see CCAC
policy statement on: animal-based projects involving
two or more institutions [CCAC, 2003b]).

4.1.2 Studies and activities requiring
protocols

4.1.2.1 Work requiring protocols and
inclusion in animal use inventories

These guidelines provide recommendations for
fishes when they are being used by investigators.
Fishes should be treated humanely whether or
not they are to be included in animal use proto-
cols or inventories.

The following require protocols and inclusion in
animal use inventories (i.e. CCAC Animal Use
Data Form, see Reporting of Animal Use Data at
www.ccac.ca/en/CCAC_Programs/ Assessment/
AUDFen.htm):

e fishes held live in confinement for any period
of time (even hours) for research, display,
teaching or testing;

¢ fishes lethally sampled in the field for
research, teaching or non-routine testing
purposes;

¢ fishes caught, sampled or otherwise manipu-
lated and released in the field for research,

teaching and testing purposes; and

e genetically modified fishes.
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4.1.2.2 Work not requiring protocols or
inclusion in animal use inventories

The following will not require protocols or inclu-
sion in animal use inventories:

e fish eggs, embryos or larvae that have not
developed beyond exclusive reliance on their
own yolk nutrients;

e wild source or hatchery fishes that have not
been assigned to research studies, and whose
propagation is sufficiently understood to be
considered routine;

¢ fishes being observed in the field that are not
being handled or interfered with in any way;

e fishes being counted at installations such as
counting fences and traps;

e fishes being lethally sampled under govern-
ment or other regulatory mandate for estab-
lished fish inspection procedures, abundance
estimates, and other population parameters
required for assessing stocks and for routine
monitoring of contamination/toxin levels
and disease; and

e fishes already killed in the course of estab-
lished aquaculture industry or commercial
fishing purposes.

Guideline 3:

Before working with fishes, investigators,
technical staff and post-graduate students
must be properly trained and have their com-
petency evaluated.

According to CCAC guidelines on: institutional
animal user training (CCAC, 1999a), investigators
and students should complete the Core
Components of the Recommended Syllabus for an
Institutional Animal User Training Program
(CCAC, 1999b) and should have completed the
relevant hands-on training to meet the Syllabus
requirements on the use of fish as a research
animal. "Students" refers to post-graduate stu-
dents; undergraduate students are expected to be
supervised by a properly qualified individual.
See the CCAC website (www.ccac.ca/en/
CCAC_Programs/CCAC_Programs-ETC.htm)
for further information on relevant courses for

investigators using fish as a research animal.
Animal users should receive refresher training
on a five-year basis, and additional training
should be given as needed in order to be able to
carry out procedures competently.

Guideline 4:

Investigators are responsible for, and must
comply with, occupational health and safety
regulations regarding the protection of per-
sonnel from known or suspected physical
and biological hazards.

As with any other laboratory, animal care facili-
ties (including aquatic facilities) should have an
occupational health and safety program. All per-
sonnel using the facility should be familiar with
the requirements of relevant federal, provincial /
territorial and municipal legislation. Chapter
VIII of the CCAC Guide to the Care of Experimental
Animals (CCAC, 1993a) provides additional
details on occupational health and safety.

Guideline 5:

Investigators should be aware of the potential
risks associated with zoonotic agents pres-
ent in fishes.

A brief review of fish zoonotic agents is provid-
ed in Appendix B of this document.

4.2 Responsibilities of the animal
care committee

The CCAC Terms of Reference for Animal Care
Committees (CCAC, 2000b, or most recent version)
should be consulted for detailed information on
the roles and responsibilities of institutional
ACCs. In particular, ACCs are responsible for
reviewing all studies conducted by investigators
belonging to their institution, whether the work is
conducted in-house or elsewhere. ACCs should
ensure that appropriate care will be provided for
all animals at all stages of their life and under all
experimental situations. ACCs are responsible for
ensuring that there is appropriate management of
the facilities housing the animals. In particular,
ACCs should verify that there is a person clearly
designated to be in charge of animal care and
management of the facilities who should also be a
member of the ACC. Additionally, members of
the ACC should visit the animal facilities and
areas in which animals are used on a regular
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