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ABSTRACT

It has been said that “in many animals, the most simple and elegant way to
control pain perioperatively is to perform a local or regional anesthetic block” (1). The
experiments outlined in my thesis aimed to show whether or not fish can be counted
among those animals. Fish are proving to be a useful animal for many types of
research. Unfortunately, their increased popularity in recent years has not been
accompanied by an important improvement of our understanding of their welfare. There
is ongoing debate about whether or not fish can consciously feel pain even though it is
agreed that they can perceive and respond to noxious stimuli. They are regularly
exposed to such stimuli through various procedures related to research, yet analgesics
are rarely used(2). This is why I evaluated lidocaine, a local anesthetic widely used in
humans and other species, as a potential addition to current anesthetic protocols for
fish. I started by looking at potential side effects of the infiltration of a high dose of
lidocaine (20 mg/kg) on each side of the dorsal fin of young rainbow trout (15 fish per
group) as compared to infiltration with an equal volume of saline in the same locations
or anesthesia only. The fish were housed individually for the trial during which they were
observed and recorded for 4h after infiltration and fed at 6 different time points (15 min,
30 min, 1h, 2h, 3h, 4h). Their behavior was then analyzed using tracking software and
potential tissue lesions were assessed by histopathology of the infiltration site.
Ventilation rate was recorded using the remote function of GoPro cameras placed on
the side of each trial tank. Another experiment aiming to establish a beneficial dose
range for the infiltration of lidocaine repeated this procedure while adding a noxious
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stimulus in the form a small metal spring on the dorsal fin and testing doses of 2 mg/kg,
6 mg/kg, 20 mg/kg and 60 mg/kg.
My results show some potentially beneficial effects of lidocaine at a dose of 20
mg/kg when used as a local anesthetic for rainbow trout, such as increased food
consumption and ventilation rate closer to usual reported range compared with the other
groups. There was degeneration and inflammation in the muscle at the site of lidocaine
infiltration for the first 15 days post-infiltration but the infiltration sites were mostly healed
at 30 days post-infiltration. This study introduced a new model to test local anesthetics
and potentially other analgesics. This model appears promising to test local anesthetics
and potentially other analgesics, but should be refined before being used in the future.
Further studies are needed to find an optimal analgesic dose, as no clear conclusions
could be reached based on my data.
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CHAPTER 1: INTRODUCTION

1.1 Importance of fish in research
Fish have become increasingly popular animal models in research.
According to the Canadian Council for Animal Care (CCAC) latest animal data
report, fish are the second largest group of all animals used in research(3); mice
being the first. This popularity is due to the many advantages fish present such
as genetic similarity to humans, ease of introducing genetic changes, sensitivity
to many classes of carcinogens, ease of observing genetic mutation or drug
treatment, large number of offspring, short reproductive cycle, ease of housing,
low cost and their status as a “lower organism” in the sentience scale(4,5). The
most commonly used laboratory fish are zebrafish (Danio rerio)(6) and rainbow
trout (Oncorhynchus mykiss)(5). They are important research models in genetic,
physiological, toxicological, carcinogenic and pathological studies as well as
research related to the species itself(5,7). As such, they undergo potentially
“painful” procedures such as various routine surgical procedures including, but
not limited to: fin biopsy(8–11), hypophysectomy, gonadectomy, implantation of
telemetric devices, catheterization of the dorsal aorta and marking procedures
such as tattooing(12).
Animal welfare regulations and guidelines have been created to ensure
the wellbeing of fish in research(13–15), yet the use of analgesics in fish is still
severely limited by the lack of pharmacological information related to analgesic
1

drugs in fish as well as the ongoing debate as to whether or not they feel pain.
While the potential good of using analgesics in fish is recognized and
encouraged, care must be taken not to cause harm by the use of the drugs
themselves or by recommending ineffective drugs requiring additional stressful
procedures to the animals. This is why analgesics, like any other drug, must be
tested in fish before they can be used to treat them. The main goal of my project
was to test the usefulness of lidocaine to provide local anesthesia in rainbow
trout by assessing its side effects and establishing a dose-response curve.

1.2 Nociception
Nociception is defined by the International Association for the Study of
Pain (IASP) as “the neural processes of encoding noxious stimuli”(16), where a
noxious stimulus is “an actual or potential tissue-damaging event transduced
and encoded by nociceptors”(16). Nociceptors are high-threshold nerves fibers
characterized by free nerve endings that respond to potentially damaging stimuli
such as extreme heat, extreme cold, extreme mechanical pressure and
chemicals (especially acids). They have been shown to be present in
mammals(17),

birds(18),

reptiles(19),

amphibians(20)

fish(21)

and

invertebrates(22–24). Their presence is logical because it is beneficial to the
survival of living creatures to be able to detect potential damage and avoid
harm.
When nociceptors respond to a nociceptive stimulus, their activation
results “in a graded [receptor] potential reflecting stimulus intensity”(25). This
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information is transmitted to the dorsal root ganglion and then to the dorsal horn
of the spinal cord, which in turn sends the signal to the brain and reflexively to
motor pathways. There are two types of nociceptor fibers: Aδ and C. They differ
in size and myelination, which affects their conduction velocity; the larger
myelinated nerves having higher conduction velocity than the smaller
unmyelinated ones. The Aδ fibers are specialized small myelinated neurons that
respond to low-intensity and high intensity thermal or mechanical stimuli. C
fibers are smaller, unmyelinated neurons that respond to intense thermal,
mechanical and chemical stimuli; they are termed “polymodal nociceptors” for
their capacity to detect diverse types of stimuli. The faster Aδ fibers are mainly
involved in the detection of acute pain, while the slower C fibers are responsible
for chronic pain. Some C fibers are also termed “silent nociceptors” because
they normally do not respond to high-intensity stimulation, but can be
spontaneously activated by inflammatory processes(26).
Sneddon(27) demonstrated and characterized the presence of Aδ and C
fibers in rainbow trout trigeminal nerves; findings that her student Ashley(28)
later confirmed and refined using more advanced techniques. She verified that
the diameter and properties of those fibers were similar to those of higher
vertebrates, but the number of C fibers found was much smaller in fish nerves. C
fibers usually correspond to 50-65% of total fibers in amphibians, birds and
mammals(29), yet Sneddon findings found only 4% are C fibers in fish. Her
results showed that Aδ fibers were the most prevalent nociceptors, following the
mechanoreceptors Aβ fibers. Sneddon proposed the “advance onto land
evolution”(30) as a potential explanation for this lower proportion of polymodal C
3

fibers; suggesting that fish have less diverse noxious stimuli to deal with than
terrestrial animals therefore they have fewer polymodal C fibers. This seems to
contradict the fact that Sneddon also found in the same study that the more
numerous fish Aδ fibers differed from mammalian ones because they were
mostly polymodal whereas C fibers normally have that role. Another difference
Sneddon(27) reported between fish and mammals is that the mechanical
threshold appeared to be lower in fish nerves (0.1g) than mammal nerves (0.6g)
which could indicate that they are not nociceptors, but rather pressure or touch
receptors. An interesting finding from Ashley’s study is the apparent absence of
extreme cold nociceptors on the head of trout(28).
Nociception in higher areas of the central nervous system (CNS) of fish
also have also been studied. Electrical activity resulting from nociceptive stimuli
has been recorded in the forebrain and midbrain of Atlantic salmon (Salmo
salar), goldfish (Carassius auratus) and rainbow trout(31,32). These studies
showed that the electrical activity differed depending on the type of stimulus as
well as its intensity. However, information remains scarce about the subject and
there is still no consensus regarding the issue of pain experience in fish.

1.3 Pain and animals

1.3.1 Definition of pain and related concepts
Le Bars(17) said that pain “constitutes an alarm that ultimately has the
role of helping to protect the organism: it both triggers reactions and induces
learned avoidance behaviors, which may decrease whatever is causing the pain
4

and, as a result, may limit the (potentially) damaging consequences.” It is
consequently an essential mechanism that makes “it possible for an organism to
react to a stimulus, which might endanger its existence (including sensory
perception)”(17), and thus it would be logical that it, or a related form of it, would
be present in most animals. Pain is a complex concept and there are many
definitions for it; however there is still no perfectly applicable definition that suits
all possible situations(33), especially when it comes to different kinds of animals.
In humans, pain is defined as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such
damage”(16). This definition is followed by a long paragraph of notes on the
official website of IASP, some of those of particular importance to the case of
animals: “the inability to communicate verbally does not negate the possibility
that an individual is experiencing pain and is in need of appropriate painrelieving treatment”, “pain is always subjective” and “activity induced in the
nociceptor and nociceptive pathways by a noxious stimulus is not pain, which is
always a psychological state”(16). This extended definition clearly states the
importance of nonverbal communication and that of emotions and psychology in
pain, factors that can be particularly difficult to assess in animals.
Other

definitions

have

been

proposed

to

better

suit

animals.

Zimmerman(34) defines pain as “an aversive sensory experience caused by
actual or potential injury that elicits protective motor and vegetative reactions,
results in learned avoidance behavior, and may modify species-specific
behavior, including social behavior”. This definition gives us more precise
parameters to evaluate, yet the author also makes clear that “seeing a predator
5

or detecting sudden auditory or olfactory stimuli may have these effects without
pain being present, and there is no reliable and universal indicator for pain in
animals”. Another definition given by Molony(35) states that pain in domestic
animals is “an aversive sensory and emotional experience representing an
awareness by the animal of damage or threat to the integrity of its tissues; it
changes the animal’s physiologic responses and behavior to reduce or avoid
damage to decrease the likelihood of recurrence and to promote recovery”. A
simpler, more clinical definition of pain has also been proposed by Gibson(36):
“if analgesics improve a situation, it was pain that the animal experienced”. As a
veterinarian, I tend to favor this definition for its practicality even though it clearly
does not define pain according to the IASP and most other definitions. Other
definitions of pain also exists but will not be presented here because an
exhaustive list and subsequent analysis of those definitions could easily be the
subject of another thesis.
There are numerous ways to classify pain. It can be classified by type:
superficial or somatic, deep and visceral. Superficial pain can also be divided
into fast (or first) and slow (or second) pain, referring to the types of nociceptors
previously described. It can also be classified by duration: acute or chronic.
Acute pain has a definite cause and lasts for the duration of the healing process
of an injury(37). Chronic pain does not necessarily have a definite cause and
can be defined in many ways: “pain having a duration of more than 6 months,
pain that persists beyond the expected healing time of a disease or injury, or
pain involving an alteration in the nervous system that is capable of maintaining
a painful state without reinforcement by repetition of the initiating causal
6

factors”(38). It is also divided in to types according to their cause: known injury,
neurogenic and idiopathic. Another classification of pain has been made for
animals and it comprises three categories(39). The first category corresponds to
cases with a high degree of pain where there is a disrupted function and the
existence of pain is certain. The second category corresponds to cases where
the “abnormalities in the posture or the behavior of the animals are not obvious,
because the animals lack the ability or opportunity to express the degree of their
pain”(39). The third category corresponds to cases where the observer
“supposes but cannot prove that the animal feels pain”(39).
Stress is another important phenomenon that can be associated with
pain, but is not synonymous with it(40). It should be noted that other terms, such
as distress and suffering, are often used as synonyms because the differences
between them are easily blurred depending on the definitions that are used. I will
focus only on stress, which has been defined as “an environmental effect on an
individual, that overtaxes its control systems and reduces its fitness or seems
likely to do so”(41), the causes of which are “noxious experiences, that are
predominantly emotional or physical or have significant emotional and physical
components (e.g., pain)”(42). Stress in fishes is mainly associated with the
release of the glucocorticoid hormone called cortisol(43), a parameter that is
often measured to estimate stress(35). In fish, this neuroendocrine response is
mediated by the hypothalamic-pituitary-interrenal (HPI) axis which is similar to
the hypothalamic-pituitary-adrenal axis response in mammals(44). It is important
to note, however, that plasma cortisol concentration is not just associated with
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stress(45); it also depends on circadian rhythm in both mammals and
fishes(46,47) and can also vary in response to salinity in fishes.
Stress and pain can have many clinical repercussions in animals, which
again have been categorized in various ways. In general, animals’ responses to
pain can be divided in two categories: excessive activity or lethargy. A more
precise classification of animals’ responses to pain is comprised of four
categories(35,48): “those responses that modify the animal’s behavior by
learning and so enable the animal to avoid recurrence of the experience, those
that are often automatic and protect parts or the whole of the animal (withdrawal
response), those that minimize pain and assist healing, and those that are
designed to elicit help or to stop another animal from inflicting more pain.” As
this classification shows, behavior often is affected by pain. The general rule is
that any changes in the normal behavior of an animal can be a sign that
something is wrong(49). Some common changes include alterations in
behavioral patterns, grooming, posture, gait, appetite, response to handling and
weight(48). Furthermore, acute pain and chronic pain do not generally manifest
in the same manner. Animals undergoing severe acute pain may show some of
the following signs: anxiety, changes in eye expression (including fixed and
dilated pupils or tearing), restlessness, sweating, lameness, changes in appetite,
changes in personality, increased or decreased physical activity, self-mutilation,
and vocalization, excessive salivation, mydriasis, tachypnea, tachycardia, and
various biochemical changes (such as increased blood glucose, cortisol, ACTH,
and catecholamine concentrations)(37,50). Animals undergoing chronic pain
may show some of the following signs: guarding behavior in movement and
8

posture, avoidance of pain-aggravating influences, seeking of pain-relieving
factors and environments, self-care of a painful region, depression of the
immune system, hirsutism, weight loss, inappetence, reduction of growth
hormone secretion(51,52) and reproductive activity(53), and an indefinable
“unhappy eye expression”(54,55). It is important to note that even in the
presence of one or more of those signs, we cannot assume without any doubts
that pain is present. Moreover, many or most of the indicators of pain are
impossible to estimate in fishes (see Appendix A and Appendix B for examples
of indicators of poor welfare previously used in fish).

1.3.2 Debate of presence of pain in fish
There is an ongoing debate as to whether or not fish can feel pain as
opposed to only perceiving nociceptive stimuli. According to the main definitions
of pain, consciousness is the defining line between nociception and pain. It is
the principal focus of the pain debate in fish because its presence, unlike
nociception, has yet to be agreed upon in fish. Consciousness, also referred to
as sentience or awareness, is a very complex concept which has many
definitions and is still not very well understood even in humans. It is so complex
that there are currently multiple scientific journals dedicated to the subject such
as “Consciousness and Cognition”, “Psychology of Consciousness: Theory,
Research, and Practice®” and “Journal of Consciousness Studies”. Even though
it is central to the debate, consciousness, like pain, is not often well defined by
the authors involved in the debate. I will use a general definition from a review
9

article by a group of authors in the “pain doubters” camp headed by Rose(56)
(authors that deny that fish can feel pain). It involves two principal
manifestations of consciousness based on humans: “(i) primary consciousness,
the moment-to-moment awareness of sensory experiences and some internal
states such as feelings and (ii) higher-order consciousness also called access
consciousness or self-awareness(57–62). Higher-order consciousness includes
awareness of one’s self as an entity that exists separately from other entities; an
autobiographical dimension, including memory of past life events; an awareness
of facts, such as one’s language vocabulary; and a capacity for planning and
anticipation of the future.” The last manifestation is usually the focus of the
debate as well as the capacity of fish to experience “feelings”, another term that
is often poorly defined as “an emotional state or reaction” or “an awareness by
your body of something in it or on it”(63).
The current state of the debate can be well appreciated by reading the
most recent reviews published by each side, Rose 2014(56) and Sneddon
2014(64), as well as the article Why Fish Do Not Feel Pain(65) by Key and its
many responses(66–108). The “pain doubters” camp’s main authors have
published mainly review articles countering the arguments of the “pain believers”
camp while explaining why they believe pain is not present in fish, but they have
published few experiments(109). Their main arguments are that fish do not
possess the neurological structure for consciousness and pain processing that
we know from humans, mainly the lack of a neocortex, that the behaviors
proposed by the other side to show consciousness are not sufficient proof and
that the “pain believers” camp is biased and therefore conducting inappropriate
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“faith-based research”(56). The “pain believers” camp is comprised of a much
larger number of authors, mainly based in the United Kingdom and Australia,
and has published experiments as well as review articles going back and forth
with the “pain doubters” camp. Their main arguments are that from an
evolutionary perspective it is logical for an organism to develop a “pain-like”
mechanism to respond to injury even if fishes’ neural structures are not similar to
humans’, that fish show many behaviors that could be explained by
consciousness, that diverse criteria are fulfilled by fish that would indicate they
can feel or are conscious, or even rejecting the whole separation between
nociception and pain.
While each side does present some strong arguments, they also use
many weak ones. I will not review all the arguments, but will go over the main
problems that plague this debate, and propose some solutions. One problem is
that both sides are correct when they accuse the other of anthropomorphism.
The “pain doubters” camp shows a variant of anthropomorphism called
anthropocentrism, meaning that they based most of their arguments on the
knowledge and structures of humans, even though most authors of each side
recognize that fish experience cannot be similar to humans’; while the “pain
believers” side is clearly suffering from anthropomorphism, being generally too
quick to attribute humans’ attributes and thinking to fish. Those obvious biases
lead to generally bad science: the “pain doubters” camp often adopting a view
that is probably too restrictive and the “pain believers” camp wrongly interpreting
their results. The “pain believers” camp also has generally poor statistics, uses
inappropriate tests and inadequately small sample sizes for their studies(56),
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which tend to hinder the correctness of their conclusions. A bigger problem
however is that this debate is actually a political duel barely hiding under a very
thin veil of scientific debate. The main reason each side is trying to
prove/disprove the presence of pain in fish is with the aim of creating/preventing
new regulations. The “pain believers” camp is trying to mobilize the public and
push politicians to implement new policies that would restrict the use of fish with
the perceived goal of improving their welfare, while the “pain doubters” camp is
trying to prevent or at least moderate such regulations, often because they have
interests in angling, commercial fishing, or aquaculture. Thus, most articles
published have a very specific goal corresponding to which side of the issue the
author(s) subscribe(s) to, a goal that has a significant bias on any experiment
and resulting interpretations. Even though there are some more moderate
authors, the “pain believers” camp’s tendency to extremism has seemingly
engendered an equally extremist response, thus creating an international
pissing match instead of a proper scientific debate.
In addition to these major flaws, my opinion, which is shared by some
authors such as Marian Dawkins(40) that I have dubbed as “neutral” in their
views, is that the debate is not practical for many reasons. First, even though
some argue that it is not a semantic debate(56), the confusion surrounding the
complex definitions for pain and consciousness makes it one. Second, our
understanding of consciousness in humans, let alone other species, is still fairly
limited, thus “the explanation of this “hard problem” of consciousness is nowhere
in sight”(80). Both sides are therefore wasting a lot of energy attempting to prove
or disprove what seems to be impossible with our current knowledge.
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Furthermore, while it is understandable that we base our comparisons on
humans, because we know more about consciousness in ourselves than any
other species, it is probably not correct because it is extremely unlikely that
other species, especially ones as alien to us as fish, would have experiences
that are closely related to ours. Last, any regulations stemming from the
conclusions of either side would not be helpful. Regulations based on the “pain
believers” camp flawed conclusions would be equally flawed and potentially
hinder the welfare of fish and humans involve in fish-related activity. On the
other side, proving that pain is not present does not actually help what we can
do to improve welfare and the treatment of nociception, which should be the true
objective of the scientific community.
I have a few solutions to the aforementioned problems. With regards to
the semantics aspect, I believe a possible solution would be to create another
term to replace “pain” in the clinical context so as to avoid much of the current
debate which is of a more philosophical nature and lack practicality in the
context of animal welfare. Alternatively, it should just be accepted that
nociception itself is more than enough to affect an animal’s welfare and thus
require treatment; therefore pain as defined by consciousness is not necessary
for an animal’s wellbeing to be negatively affected. Alternatively, we could agree
that human pain and animal pain are different and define “animal pain” so that
the term “pain” can still be used with a clearer definition for animals1. I also
1

I will adopt such an approach for the rest of this thesis. For practical purposes, I will use the
term “pain” when addressing animals whenever I am not specifically talking about what we know
to be only nociception. This use of term “pain” implies that human pain is different from animal
pain while taking into account that there might be more than just nociception in what animals
experience.
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believe that extremism is pervasive by its very nature and has no place in a
debate that should be scientific, but clearly is not so currently. It is my opinion
that each side should strive to shy away from their human-centered politics
(even the “pain believers” camp is human centered in a way, because their
conclusions are often based on unproven concepts, thus they are more likely to
make themselves feel better about fishes’ circumstances instead of really
helping fishes) and concentrate on studying what could actually improve fish
welfare with more rigorous scientific experiments, less biased conclusions and
come up with practical solutions instead of being stuck in an unending debate.
To achieve this, I propose that the new focus should be the study of normal
function of fish species and of ways to re-establish those functions when they
have been disturbed. In other words, if the administration of a drug or the
alteration of the environment can lead to a return to normal functions in an
animal, then that is what we should focus on because it is clearly beneficial to
said animal. Therefore, we should endeavor to increase our knowledge of fish
physiology and behavior, natural preferences and responses to drugs
(especially analgesics) so that we can improve their welfare in a concrete and
practical manner.
This more practical approach would not be without problems because
assessing pain is not always easy in animals, especially in fish for which there
are currently no officially recognized parameters to assess pain. The main ways
of assessing pain in animals are: by measuring physiological parameters and
biological markers, such as heart/respiratory rate and cortisol levels, detecting
the presence of disease and looking for deviation from normal behavior(37).
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One problem with the physiological parameters is that we do not necessarily
know the normal physiological values of most fish species. Even when we do
know them, it is not always practical to measure these parameters. The
parameters are also affected by many variables such as exercise, eating, noise,
restraint, species, breed, sex, etc(37,110). In addition, as was previously
mentioned, cortisol is not a very sensitive indication of pain; a recent
review(111) has specifically discussed this in fish. The presence of disease,
while generally associated with pain, can be the least ideal parameter to assess.
The

stress response

often associated with

chronic

pain can cause

immunosuppression, which can lead to disease(112). The observation of the
disease is therefore frequently seen after pain has been present for a certain
time. Using only disease as an indicator can thus delay our potential treatment
of the noxious stimulus. Furthermore, the absence of disease is not synonymous
with the absence of pain and in certain instances, a disease process might not
be associated with a very high degree of pain(17,113). Nonetheless, disease
should be treated as soon as possible to maintain animal welfare. Observing
changes in behaviors is generally the most practical way to detect a problem in
welfare. It is often used for pets and it has been recognized that changes in
behavior are well correlated with physiologic signs of distress in various farm
animals(114). The field of behavior pain assessment is ever improving. For
example, many grimace scales, systems meant to be an objective way of
detecting pain by looking at an animal facial expression, have been developed
and validated(115–120). Unfortunately, this type of system would be impractical
for fish since “there are no direct parallels for facial or vocal signaling in
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fish”(121). Some behaviors that are often used for other species also seem to be
less useful in fish. Feeding for example appears to be a fairly unreliable
parameter because fish appear to feed normally after being exposed to stimuli
that should be quite noxious in some cases and yet do not feed normally in other
cases(56).
Behavioral assessment as a whole is also not without problems(122).
First, it requires a good knowledge of an animal’s normal behavior, which we do
not always possess where fish are concerned. Second, it is often based on
extrapolating from one species to the other, which is not always correct. Third,
most prey species and some other animals will try to hide their injuries by
keeping up the appearance of normal behavior(123). Fourth, the intensity of a
behavior does not necessarily correlate with the severity of the injury(124,125).
Last, there is an important danger of anthropomorphic bias in behavioral
assessment because “when assessing pain, one must distinguish between what
the animal may be feeling and what the human observer is feeling”(37). It is
probably impossible to completely rid ourselves of anthropomorphism but I
believe it is possible to moderate it by practicing Burghardt's concept of “critical
anthropomorphism”(126). This means using our unavoidable human perspective
to generate conclusions in light of scientific knowledge of the concerned
species, its perceptual world, as well as evolutionary and ecological and
history(127,128). Therefore, “statements about animal joy and suffering, hunger
and stress, images and friendships, are based on careful knowledge of the
species and the individual, careful observation, behavioral and neuroscience
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research, our own empathy and intuition, and constantly refined publically
verifiable predictions”(128).
A good knowledge of the various species of fishes, while keeping in mind
the many potential difficulties in properly assessing their wellbeing, is thus
needed to improve their welfare by learning the optimal environment for their
specific needs as well as when analgesia can be beneficial. Proper studies on
analgesic drugs in fish are necessary to insure that these drugs are both needed
and efficacious before or after a painful procedure, because such drugs could be
administered when such a procedure would cause pain in humans; however,
this may not be true for fish and the drugs may not always be harmless(37).

1.4 Analgesics: Local anesthetics
Minimizing pain is a fundamental principle of animal care. Even though
the capacity of fish to experience pain is controversial, it is accepted that these
animals respond to noxious stimuli with a nocifensive response.

Thus it is

appropriate for animal care practitioners to minimize these responses. These
responses often associated with surgical procedures and it is generally best to
reduce them by providing appropriate pre and perioperative care(129,130) with
a multimodal approach combining anesthetic and analgesic drugs(129,131,132).
One family of analgesic drugs, local anesthetics, is used often to alleviate pain
by interrupting nerve conduction in a desired anatomical region, thus temporarily
preventing the sensation of the noxious stimulus being conducted to the central
nervous system. The appropriate use of local anesthetics can reduce the
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amount of anesthetic required as well as the overall requirements for systemic
analgesia, in addition to providing sufficient anesthesia for many minor surgical
procedures(133).

1.4.1 Properties and uses of local anesthetics

1.4.1.1 General properties of local anesthetics
Local anesthetics interrupt nerve conduction by inhibiting the influx of
sodium ions. They do so by entering the axonal membrane, where they act on
voltage-gated sodium channels (VGSCs) by preventing them “from assuming an
active or “open” state”(134). VGSCs are transmembrane proteins with gated
pores involved in the transmission of information by conveying electrical signals
along sensory neurons to the CNS. Opening and closing of VGSCs is controlled
by changes in transmembrane voltage gradients, which results in the generation
of rapid action potentials(135). Local anesthetics interrupt nerve transmission by
acting at the level of VGSCs.
Local anesthetics also appear to have other secondary sites of actions
because “there is an increasing body of evidence that these drugs also
modulate a wide range of ion channels, receptors, and nociceptive pathways in
the CNS”(136), with some of those effects occurring at much lower
concentrations than are normally used clinically(137).
All axons do not have the same susceptibility to local anesthetics, some
nerve fibers are affected while other are spared. Size and myelination of fibers
seems to be the main variables of the “selective” blockade characteristic of local
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anesthetics. Small myelinated fibers, such as Aδ, are more susceptible to local
anesthetics than larger myelinated fibers, such as Aα and Aβ(138–141).
However, unmyelinated C fibers, which are smaller than A and B fibers, are
generally as susceptible as or less susceptible than the larger myelinated A
fibers(141–143). This selective block by local anesthetics means that Aδ and C
fibers are generally desensitized before other types of fibers, allowing the
possibility of a preferential sensory block with minimal motor block(144) (see
Table 1 for details).

Table 1. Summary of nerve fiber characteristics and functions in mammals

From Martin-Flores 2013(144)

From https://dailymed.nlm.nih.gov/dailymed/archives/fdaDrugInfo.cfm?archiveid=4435(145)

Figure 1. Chemical structure of lidocaine hydrochloride
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Local anesthetics’ chemical structure consist of three components: a
lipophilic aromatic ring, an intermediate ester or amide chain, and a terminal
amine(134) (See Figure 1 for an illustration of the chemical structure of
lidocaine). The aromatic ring is an important factor determining the lipid solubility
of the drug and thus its potency, because it affects the capacity of the drug to
diffuse through the nerve sheaths and neural membranes. High lipid solubility
also increases the sequestration of the drug into lipid-soluble compartments
such as myelin (146). Hence, “lipid solubility not only determines the potency of
a drug, but it also contributes to the slower onset and longer duration of action of
these drugs”(144).
The terminal amine also affects lipid solubility because it can exist in a
tertiary form that is lipid soluble or as a quaternary form that is positively
charged and renders the molecule water soluble, thus acting as “an “on-off
switch” allowing the local anesthetic to exist in either lipid-soluble or watersoluble conformations”(134). Local anesthetics are usually formulated as
hydrochloride salt(134), a water soluble form that then has to change state to
enter the nerves and be effective. Because the ionization constant (pKa)2 of all
local anesthetics is beyond the physiologic pH of 7.4 of human at 37°C (pKa is
usually between 8-9, see Table 2 for details; the physiologic pH of rainbow trout
at 10°C is usually 7.9), a greater proportion of the drug exists in the quaternary,
water-soluble form when injected into normal tissues(134) whereas inflamed

2

The pKa of a local anesthetic represents the pH at which 50% of the molecules exist in the
lipid-soluble tertiary form and 50% in the quaternary, water-soluble form.
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tissues are acidic and thus fewer local anesthetic molecules exist in the lipid
soluble form in inflamed areas.
The intermediate chain determines how the drug is metabolized and is
also the basis for the classification of local anesthetics (see Table 2 for a
summary of local anesthetics and their properties). It can be either an ester,
which is hydrolyzed by esterases in the plasma and liver, or an amide, which is
biotransformed in the liver. Another property that affects the action of local
anesthetics and other drugs is protein binding affinity. A greater affinity for
plasma proteins, especially α-acid glycoprotein and albumin, corresponds to a
slower elimination from the animal.

Table 2. Physicochemical properties of the commonly used local
anesthetics

From Martin-Flores 2013(144)

It should be noted that the pKa of benzocaine and tricaine methanesulfonate (MS-222)
is approximately 3.5. Protein binding information provided in this table is for mammals
only
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Local anesthetics are sometimes combined with adjuvants to modify their
properties. Vasoconstrictors, such as epinephrine, are sometimes added to
delay the rate of vascular absorption and extend the duration of local action of
local anesthetics(147,148). It has been found that epinephrine itself can have
some analgesics effects(149), but can also have potentially detrimental effects
such as ischemic nerve injury(150). Sodium bicarbonate also can be added to
the local anesthetic solution to buffer the usually acidic pH value of most
commercial solutions(144). This affects the amount of drug in ionized and nonionized forms, potentially shortening the onset of drug effect, but also
decreasing the duration of action because more of the agent is available in base
form(147). In humans, buffering can diminish the pain and discomfort related to
the injection of local anesthetics(151).

1.4.1.2 Clinical uses of local anesthetics
Local anesthetics are used mainly in four ways: for analgesia of the skin
or mucosa (topical analgesia), analgesia of tissues locally (local infiltration),
regional analgesia (including epidural) and intravenous analgesia (see Table 3
for a summary of the clinical use and properties of the main local anesthetics).
Local anesthetics tend to have a low cost, minimal side effects and fast recovery
period if used properly(152). Their main disadvantage is that they do not have a
sedative effect to assist restraint, often needing to be combined with sedation or
general anesthesia, except for minor procedures. The most frequently used local
anesthetics in veterinary medicine are the amide-linked drugs such as lidocaine
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hydrochloride and bupivacaine hydrochloride(1). They often are mixed together
because it is believed that the mixture provides the advantages of each drug: a
shorter onset of action (lidocaine) and a longer duration (bupivacaine). However,
some studies have disproved this popular belief(153–155). Some esters are still
used, benzocaine and tetracaine being the most common. Lidocaine (without
adjuvants or additives), mainly because of its prevalent use and low cost, was
chosen as the focus of the experiments presented in my thesis and will be the
focus of this section.
Lidocaine is the “most versatile and widely used local anesthetic in small
animal practice”(1). It is characterized by a quick onset and an intermediate
duration of action. It is frequently used for local anesthesia of peripheral nerves,
neuroaxial anesthesia, local infiltration, intravenous regional anesthesia (IVRA),
as well as for topical desensitization of the mucosa or skin(144). Additionally,
lidocaine can be used as an intravenous (IV) agent for its systemic analgesic,
anti-inflammatory, and antiarrhythmic effects(137,144,156–161). As with most
local anesthetics, it is typically used in combination with general anesthesia
when animals are involved. In this context, lidocaine has been shown to
decrease the minimum alveolar concentration(MAC)(162–166), which is a
parameter used to measure the concentration of volatile anesthetic required for
50% of patients to not move after a surgical stimulus. This effect has not been
shown in some studies(167,168) and the mechanism by which lidocaine
decreases the MAC is not fully known, but might not be explained simply by its
antinociceptive properties(169). Local anesthetics also have been shown to
have antimicrobial and antifungal properties(170,171), yet they these properties
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appear to be less well known to clinicians and thus they do not generally use
these drugs for such functions.
It is important to note that local anesthetics are not generally used to
provide analgesia in fish, instead they are regularly used to produce and
maintain anesthesia. The main anesthetic agent used in aquatic medicine is the
local anesthetic tricaine methanesulfonate, commonly known as TMS or MS222. It acts in the same manner as other local anesthetics, but because it is
water soluble it enters fish (via the gills) and acts on the central nervous system
instead of acting locally.

Table 3. Onset and duration of action of commonly used local anesthetics
for mammals at 37-38°C

From Martin-Flores 2013(144)
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From Becker 2006(134)

Figure 2: Systemic influence of lidocaine in humans

1.4.1.3 Potential side effects of local anesthetics
Local anesthetics are “relatively safe if they are used correctly”(1), but
toxic effects can have severe consequences. The most common causes of
toxicity are “administration of an excessive dose or accidental intravenous
administration”(1). In both cases, the drug does not stay localized but reaches
systemic circulation where it causes first CNS effects and then cardiovascular
effects (see Figure 2 for an illustration of the chronology of the toxic effects of
local anesthetics). Bupivacaine is an exception because with this drug, signs of
CVS toxicity usually appear at the same time as signs of CNS toxicity(172).
Normally, CNS toxicity (e.g. muscle twitching, convulsions, and coma) occurs at
concentrations that are much lower than those that produce CVS signs (e.g.
bradycardia, vasodilatation, and hypotension). For example, in dogs, the dose of
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lidocaine that produces irreversible cardiac collapse is four to six times higher
than the dose that produces convulsions(173). It is reported that lidocaine can
cause convulsions at intravenous doses of 20 mg/kg and 12 mg/kg in dogs and
cat respectively; maximum recommended doses are thus 12 mg/kg and 6 mg/kg
respectively(1). No dose based on experimental data currently exists for fish.
Other side effects, such as localized nerve and muscle damage also have
been reported(174–176) but rarely have clinical consequences(177). Local
anesthetics are used experimentally to induce muscle degeneration. Doses in
the clinical range result in damage to the muscle fibres within hours without
degrading the basal lamina or sarcolemma(177). Satellite cells within the muscle
are spared (for unknown reasons) and are activated; the muscle fibre
regenerates over a period of weeks. Marcaine (bupivacaine (178)) is the most
toxic, but others in this class have similar toxic effects. Different mechanisms
have been proposed for the cytotoxic effects, but most evidence points to the
effect being at the mitochondrial level; local anesthetics are potent inhibitors of
aerobic respiration and ATP production in tissues(179), isolated cells (both
primary

cultures(180)

and

lines(178))

and

isolated

mitochondria

from

mammalian heart and liver(181); low concentrations also decrease metabolism
of fish(182), but this could be either a central or mitochondrial effect or both.
Ventricular strips from fish anesthetized with TMS have diminished capacity to
do work(183,184).
Some studies also have reported that local anesthetics infiltrated in a
wound area could delay wound healing. This is controversial because, as wellsummarized by Martin-Flores(144), there are conflicting results in the literature.
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Those side effects are of somewhat lower clinical importance compared with
CNS and CVS implication and do not generally impede the use of local
anesthetics for local infiltration.
Some factors can influence the toxicity of local anesthetics. Conditions
affecting the biotransformation of the agents can potentiate the toxicity of local
anesthetics, especially of amide type agents such as lidocaine, because “they
have longer and more involved metabolic pathways than do [esters]”(144). Such
conditions can be severe liver or renal disease that can lead to elevated plasma
concentrations of the drug(185). Hypoproteinemia can also make animal more
susceptible to local anesthetics’ toxicity by elevating plasma concentrations of
the drug.

1.4.2 Brief history of local anesthetics
The first known local anesthetic was cocaine which was discovered by
Niemann in 1860(186). It was extracted from a plant indigenous to Peru named
Erythroxylon coca. The natives of this region often chewed coca leaves for their
cerebral-stimulating effects and their capacity for local anesthesia, something
that the European explorers soon discovered. Cocaine usefulness became more
clinically known in 1884 when the Viennese ophthalmologist Carl Koller, a friend
of Sigmund Freud, reported its application for topical anesthesia of the eye(187).
Dr. William Stewart Halsted and his coworker Richard John Hall reported the
same year the first successful nerve block using cocaine during a dental
procedure(188). The first known application of a local anesthetic in veterinary
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medicine also took place during that period. It is attributed to McLean, a
veterinarian in Pennsylvania, who used cocaine as a local nerve block as a
diagnostic tool for equine lameness(147).
Cocaine use for local anesthesia then spread rapidly throughout Europe
and America, where Koller moved to establish a practice in New York in 1888.
However, the many undesirable effects of cocaine and its potential for abuse
were soon recognized and replacements were sought. Cocaine was identified as
a benzoic acid ester which “led to the synthesis of numerous compounds which
were basically benzoic ester derivates”(189). In 1904, German chemist Alfred
Einhorn patented procaine, the first synthetic derivative of cocaine(190). It was
commercialized under the name Novocaine™ and was the main local anesthetic
until the 1940's, when lidocaine, the first amide local anesthetic was synthetized
in 1943 by Nils Löfgren and Bengt Lundquist. The ester drug named tricaine, the
main local anesthetic drug currently used for general anesthesia in fish, was
introduced in the 1930’s. However, the introduction of lidocaine brought a
decline in the use of ester derivative local anesthetics, partly because the esters
tend to cause allergic reactions(191). Since then, many more amide derivatives
have been synthetized such as mepivacaine, bupivacaine, ropivacaine and
levobupivacaine (see Figure 3 for an overview of the timeline of local
anesthetics development). As for techniques involving local anesthetics, most of
them had been “described by 1900, even if they were not widely used”(192).
Here is a brief overview of the development of some of the subsequent
techniques:

sacral epidural approach in 1901 by Sicard and Cathelin,

paravertebral and intercostal block in 1906 by Sellheim, intravenous regional
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anesthesia in 1908 by Bier, and the lumbar epidural approach in labor in 1938
by Graffagnino and Seyler(192). Presently, the “pharmaceutical industry
continues to explore the development of safer and more effective local
anesthetics in a pursuit that has come a long way since the earliest experiments
with cocaine”(193).

From

http://pocketdentistry.com/wp-content/uploads/285/F000029b002-001-

9780323074131.jpg(194)

Figure 3: Timeline of local anesthetic development

1.4.3 Review of local anesthetics in “exotic species”
(An extended version of this section was presented in a previously published
article Review of the use and dose of local anesthetics for local anesthesia
in fish, amphibians, and reptiles in JAALAS)

1.4.3.1 Introduction
Local anesthetics are used routinely in mammals(195–199), yet their use
is still limited in species termed “exotics” like fish, amphibians and
reptiles(12,152,200,201). Like their mammalians counterparts, exotics frequently
experience potentially painful surgical procedures(8–10,12,20,200,202). Reptiles
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are common in zoos and are seen more and more in clinics(203,204), while fish
and amphibians are important research models.
Even though the pharmacological properties, safety and often efficacy of
local anesthetic drugs have not been investigated yet in fish, amphibians and
reptiles, there are still recommendations concerning their use as analgesics in
the literature(201,205–207). However, this information generally is not extensive
and can be difficult to find. It is especially difficult to locate original sources that
form the basis of recommendations in general reference texts.

1.4.3.2 Methods
I used the online databases PubMed, Science Direct and One Search
and searched using the keywords: “fish «local anesthetic»”, “fish lidocaine”, “fish
benzocaine”, “fish procaine”, “fish bupivacaine”, “fish mepivacaine”, “fish
analgesia”, as well as the same combinations replacing “fish” with “amphibian”
or “reptile”. Articles were included if they mentioned the use of local anesthetics
explicitly for local anesthesia or analgesia. To keep the focus of this review on
local anesthesia, any use of local anesthetics to produce general anesthesia, for
example as a bath treatment for fish or amphibians were excluded. Only use of
local anesthetics on live animals was included; that is, we excluded studies
using isolated tissues. Only articles presenting original information were
included. “Original information” was defined by the article presenting information
based on an experiment/case study or not referencing another article when
mentioning the local anesthetic use. However, some chapters referencing local
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anesthetics used for local anesthesia from the main veterinary reference
textbooks were an exception to this rule and also were included. This was done
to provide some contrast with the other sources despite the fact that these
reference books do sometimes refer to dated sources or personal experiences.
The books chosen were: Exotic Animal Formulary(208), Reptile Medicine and
Surgery(209), Fowler's Zoo and Wild Animal Medicine(210), Lumb and Jones’
Veterinary Anesthesia(211).
I tabulated the results for each class separately and within each we
separated: experimental studies, case studies, texts or general references,
Standard Operating Procedures (SOPs) and others.

Articles classified as

“experimental studies” reported research regarding the efficacy or side effects of
local anesthetics. “Case studies” were articles in which a local anesthetic was
used for a reported procedure but its particular efficacy was not evaluated, the
outcome of the procedure being the main focus of the article. Sources classified
as “others” were articles in which the use of a local anesthetic for local
anesthesia is mentioned in the study’s protocol, but very few details were
provided and its efficacy was not evaluated. This separation of the type of
sources was used in the tables to highlight the potential value of the reported
dose because as previously mentioned, studies thoroughly investigating the use
of local anesthetics for local anesthesia in fish, amphibians, and reptiles have
yet to be performed. Therefore an official optimal dose for most species is often
lacking; knowing the information source will help clinicians to make an informed
choice as to which drug and dosage to use.
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The concentration of the agent was included whenever it was reported in
the original source, but many reports did not include this information. In
instances where the original source reported a volume of agent instead of a
dose in “mg/kg” format; dose was calculated based on the average weight of the
animals in the study and presented in the table while including the volume cited
in parenthesis. If the average weight of the animals was not reported, only the
volume of the agent was included in the table.

1.4.3.3 Results and discussion
None of the three databases used located all of the articles presented
here. Most searches resulted in a high number of non-relevant sources,
especially when searching the literature for amphibians because their eggs are
used extensively for research but there are very few papers relating to the
amphibians themselves. It should also be noted that, as another review
reported, “PubMed does not index the herpetological journals in which the most
relevant papers [for reptile literature are] published”(212). There also was some
relevant information for reptiles in conference proceedings that was difficult to
locate.
Another problem with the search for reptilian literature was that there
were some articles in Portuguese from Brazil that were more problematic to
locate; some but not all having an English abstract. Although it was difficult to
assess the details of their protocols, the articles contain useful information from
case studies and experiments (213–216).
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Overall, there were considerably more original references concerning
local anesthetics for reptiles (35) compared with amphibians (8) or fish (12).
Reptile literature included a relatively high number of case studies (6) and
experimental studies (5) compared with fish or amphibians. Only two
experimental studies were found for fish and only one for amphibians. No case
studies were found for fish or amphibians. We also found more mentions of the
use of local anesthetics in articles for fish (8) compared with amphibians (2).

1.4.3.3.1 Fish
(for summary, see Table 4)
Lidocaine was the main local anesthetic mentioned in association with
fish in the literature, with only one article using a different agent, novocaine. The
species were varied, but the majority of fish in the selected sources were
salmonids. The other species were white sea cod (Gadus morhua marisalbi),
skipjack and yellowfin tuna (Katsuwonus pelamis and Thunnus albacares),
zebrafish, African catfish (Clarias gariepinus), freshwater elephantfish species of
the family Mormyridae and knifefish species of the genus Eigenmannia. There
were no studies involving elasmobranchs, which could be explained by the fact
that no nociceptors have been found in those species yet(56).

a. Experimental studies
We found only 2 experimental studies on the use of local anesthetics as
analgesics in fish and in both studies the local anesthetics were one among
several drugs tested as potential analgesics (217–219).
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Chervova(218) (1997; reported again in Chervova & Lapshin, 2004(219))
tested novocanium (procaine or novocaine) on cod (Gadus morhua marisalbi,
100-300 g). The noxious stimulus was a series of electrical pulses applied via
implanted electrodes in the tail and the response measured was movement of
the tail. In 1997 they stated “injection of 0.25 mL of 2% novocaine solution (fully
blocking the axonal conductivity) to epithelial tissue of fins or subcutaneously in
the area of application of the stimulus fully blocked up nociceptive responses”
and in 2004 “local subcutaneous injections of 2% solution of novocanium [dose
not given] blocked the nociceptive reactions”. No specific dose was given.
Mettam et al.(217) tested lidocaine using acetic acid (0.1 mL of 0.1%, this
corresponds to an average dose of 9 mg/kg) injection as the noxious stimulus
and the lips as the tested site. They reported there was no delay in feeding for
saline control fish whereas acid resulted in a delay in 2/5 fish; acid also resulted
in a decrease in activity and an increase in ventilation rate.

Although they

recommended the use of lidocaine, their experimental results do not support
their recommendation. None of the 4 metrics they used (delay in feeding, activity
30 min after the stimulus, ventilation rate 30 min after the stimulus, rate of
recovery of respiration after the stimulus) was significantly different with or
without lidocaine for any of the 3 doses after the noxious stimulus. It is not clear
from the methods, but they imply that they administered both at the same time
rather than giving the lidocaine adequate time to block before giving the noxious
stimulus. The sample size of the study was small (5 fish per group) and the
statistical tests not always appropriate; the p-values were not corrected for the
large number of comparisons.
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b. Text books, SOPs and other papers
The recommended doses used for local infiltration in text books and
SOPs, range from 1(220) to 9 mg/kg(217). Most textbooks, e.g., Carpenter and
Fowler, recommend a dose of 1-2 mg/kg for lidocaine, similar to those used in
mammals (133). They both refer to the same source(221) but that source does
not mention local anesthetics. Harms (1999)(222) warns that “care must be
taken not to overdose small fish with local injections” when using lidocaine as a
general anesthetic rather than as a local anesthetic. One group of scientists in
Norway use lidocaine at the surgical site in their protocol for dorsal aorta
cannulation(220,223,224), but provide no evidence for efficacy or rationale for
the dose. The text “Anesthetic and Sedative Techniques for Aquatic Animals”
(Ross and Ross 2008) mentions local anesthetics once; lidocaine as a spinal
block based on the minimal information presented in Oswald 1978(225).
Interestingly, the most extensive and intensive recent reviews on fish surgery do
not mention local anesthetics(11,226).
Clearly, further studies are needed to assess efficacy, ideal dose and
maximum dose (safety) of lidocaine in fish, as well to test a wide range of
species.

35

Table 4. Fish: Results of a literature search for use of local anesthetics for
local anesthesia in fishes.
Dose
(mg/kg)*

Max dose
(mg/kg)

Route

Species

Comments, Reference(s)

-

1-2

LI

Nd

Care must be taken not to overdose
small fish(208,222)

Procaine 2%
(Novocaine)

25
(0.25mL)

-

LI

White sea cod
(G. m. marisalbi)

Lidocaine

9
(1
mg/fish)

-

In lips

Rainbow trout
(O. mykiss)

1.7
(0.1 mL
per site)
(227)

-

LI

Atlantic salmon
(S. salar) (227)
Eigenmannia(228)

-

SI

Brown trout
(S. trutta)
Rainbow trout
(O. mykiss)

Agent
Textbooks
Lidocaine
Experimental
Studies

Novocaine 2% blocked
sensation(218)
Lidocaine was deemed more
effective when compared with
Buprenorphine or Carprofen(217)

Others
Lidocaine 2%

Lidocaine 2%

15
(0.1 mL
per site)

Lidocaine 2%
with 1 p.p.m.
epinephrine

30uL

-

LI

Mormyrids
(P. isidori, P. adspersus)

Lidocaine 10%
(Xylocaine® spray)

-

-

T

African catfish
(C. gariepinus)
Skipjack tuna
(K. pelamis) Yellowfin
tuna
(T. albacares)

Lidocaine

-

-

SI

Lidocaine

-

-

LI

Lacustrine sockeye salmon
(O.nerka)
Masu salmon
(O. masou)

Lidocaine gel
(50mg/g)

-

-

T

Zebrafish
(D. rerio)

Used at surgical site(227,228)

Immobilization occurred in 5 min.;
Recovery took 45-50 min.(225)

Inhibit acoustic courtship displays
when infiltrated in swimbladder
muscles(229)
Numbed area of electrode
implantation(230)

Used to help restraint during
experiment(231)

Used at surgical site(232)

Topical use of lidocaine in the nares
to block smell(233)

Legend: LI = local infiltration, T = topical, SI = Spinal Infiltration, Nd = no data; * = other units if
mentioned.
Sources have been included in parenthesis after their respective comments or in other parts of the table if
some information is not common to all sources in a row. If concentrations are not specified, it is because
the information was not provided in the original source.
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1.4.3.3.2 Amphibians
(for summary, see Table 5)
As in fish, lidocaine was the main local anesthetic mentioned in
association with amphibians in the literature, with only one article mentioning a
different agent, bupivacaine(200). Specific species are mentioned in only three
sources; two of them being frogs(234,235) and the other a salamander(236).

a. Experimental studies
There are very few original references concerning local anesthetics for
amphibians and we found only one experimental study(236). This study
compared methods of amphibian marking techniques to assess toe-clipping
using 4 treatments (control with handling only; no anesthesia or local anesthetic;
general anesthesia only; local anesthetic only, lidocaine dose not mentioned)
using salamanders as models. Efficacy of the lidocaine treatment was assessed
by absence of toe retraction when pinched. They reported no statistical
difference between treatments in stress hormone responses (adrenaline and
noradrenaline levels), locomotion and general behavior during the 2 weeks
following toe-clipping. They concluded that toe-clipping without anesthesia or
local anesthesia was a “viable and humane field technique”.

b. Text books, SOPs and other papers
I identified only one study in which local anesthetics were used (234) .
The “animals were administered a local anesthetic (0.5 ml, 2% lidocaine)
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suffused just under the skin of the skull region” 15 minutes prior to surgery. No
assessment of the efficacy of the procedure was performed.
Doses cited in textbooks, 1-2 mg/kg, are similar to those used in
mammals(133). One source gave a maximum dose of 5 mg/kg for both
bupivacaine and lidocaine(200). The source for this dose is unclear however,
because the authors reference an article by Gentz(202) in which the only
mention of local anesthetics is: “It is possible to perform minor procedures using
no more than 1.0 mg/kg total dose of 2% lidocaine as a local anesthetic”.
Bupivacaine is not mentioned at all and a maximum dose of 1 mg/kg for
lidocaine is implied rather than 5 mg/kg. It appears that the maximum dose of 5
mg/kg is based on values for mammals(1,133) rather than actual studies in
amphibians.
A study by Narins(235) involving surgery in the roof of the mouth of tree
frogs used injections of pentobarbital sodium for general anesthesia and added
“a generous topical application of lidocaine (4%)” to “desensitize the area near
the incision”. They commented that “frequent additional swabs of topical
anesthetic were applied during surgery, which could proceed only with adequate
numbing of the wound area”. There is no mention of how the numbing of the
area was evaluated. Such an application of highly concentrated lidocaine could
potentially cause general anesthesia instead of a localized one (see further
explanation below) yet no mortalities were reported.
I also looked for SOPs and guidelines from Universities where animals
are used for research. Some universities have protocols recommending the use
of a swab of local anesthetic, often bupivacaine, to provide additional anesthesia
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at the incision site of a laparotomy once the animal is under general
anesthesia(237,238). No study was found evaluating the benefits of such a
procedure. The presence of such benefits are doubtful because, as previously
mentioned, general anesthesia of the amphibian is usually produced by
immersing the animal in MS-222, a local anesthetic. The characteristic
permeability of amphibians’ skin is such that drugs placed in contact with their
skin pass through it and become systemic(202,239). It is by this principle that
general anesthesia is usually achieved using a local anesthetic as a bath
treatment. This same characteristic makes localized anesthesia difficult with
those animals, but it has been shown to be possible on the extremities, usually
for toe-clipping(240). This was based on recommendation that local anesthetics
can be used without general anesthesia for minor procedures(202,240).The
benefits of topically adding a small quantity of a local anesthetic to the skin of an
animal that was just bathed in a large quantity of another local anesthetic is thus
questionable. Furthermore, when Kinkead(236) evaluated different types of
anesthesia

in

salamanders,

he

found

similarly

increased

levels

of

adrenaline/noradrenaline with general anesthesia (MS-222) or a local swab of
lidocaine during toe-clipping. These results raise some doubts as to the benefits
of using local anesthetics alone in amphibians because the stress of handling
makes the procedure no less stressful than full anesthesia. The authors did not
use any other parameters to evaluate the animal’s stress level thus further
studies are necessary to confirm their conclusions and the benefits of using local
anesthetics on amphibians shortly after immersion in a solution of a local
anesthetic. Also, it is likely that permeability of the skin on the toes is lower than
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that of the skin on the belly(241) as the ventral skin is the main route for water
intake in those animals.

Table 5. Amphibians: Results of a literature search for use of local
anesthetics for local anesthesia in amphibians.
Agent

Dose
(mg/kg)*

Maximum
dose
(mg/kg)

Route

Species

Comments, Reference(s)

Textbooks

Lidocaine (12%)

-

-

LI(208,242)
T(240)

Nd

All/local anesthesia
with or without epinephrine;
Lidocaine in combination with
ketamine has been used for minor
surgeries;
Use with caution.(208,242)
Minor surgeries can be performed
using local anesthesia via direct
application of lidocaine 2% to the
surgical site(240)

Experimental
Studies
-

-

T

Salamander
(Desmognathus)

Used for toe-clipping(236)

Bupivacaine

2

5

T
LI

Nd

Duration 3h;
Use diluted 3:1 with sodium
bicarbonate solution.(200)

Lidocaine

2

5

T
LI

Nd

Duration 30–60 min;
Use diluted 3:1 with sodium
bicarbonate solution.(200)

Lidocaine 2%

<1

1

-

Nd

Recommended for minor
surgeries(202)

Lidocaine 2%

286
(0.5 mL
per site)

-

LI

Grass frogs
(R. pipiens)

Used at surgical site(20)

Lidocaine 4%

-

-

T

Tree frogs
(E. coqui)

Used at surgical site;
"Frequent additional swab were
applied during surgery".(235)

Lidocaine
Others

Legend: LI = local infiltration, T = topical, Nd = no data; * = other units if mentioned.
Sources have been included in parenthesis after their respective comments or in other parts of the table if
some information is not common to all sources in a row. If concentrations are not specified, it is because
the information was not provided in the original source.
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1.4.3.3.3 Reptiles
(for summary, see Table 6)
Local anesthetic drugs mentioned were more varied than in fish or
amphibians, adding tetracaine, mepivacaine, EMLA (lidocaine-prilocaine) cream,
Cetacaine® spray (a combination of benzocaine, butamben and tetracaine) and
a mixture of lidocaine-bupivacaine to the previously mentioned lidocaine,
bupivacaine and procaine. It should be noted that some studies have disproved
the popular belief that mixing lidocaine and bupivacaine results in having the
advantages of each drug(153,154). The range of species found in the literature
search was wide -- representing all extant clades of reptiles, including
Archosauria (i.e., crocodilians)(243), Testudinata, (i.e., turtles)(213,214,244–
248), and of Squamata including both lizards(215,249) and snakes(250,251).

a. Experimental studies
I found five experimental studies on the use of local anesthetics as
analgesics in reptiles (213,214,245,252–254). They studied only lidocaine, with
the exception of Santos who also studied bupivacaine. Four studies involved
chelonians and one study involved snakes. Most of the studies concerned spinal
anesthesia of chelonians, using similar doses of lidocaine ranging from 3(214) to
4.6 mg/kg(213). Hernandez-Divers et al.(245) used lidocaine as local infiltration
at the surgical site during a celioscopy for sex identification and found that it was
not sufficient anesthesia when used alone. Chiszar et al.(252) "anesthetized the
facial pits [of rattlesnakes (C. viridis)] with a drop of 2% [lidocaine] placed into
each pit chamber; this treatment completely blocked trigeminal responses to
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cooling or heating of the pits, even with extreme stimuli such as ice or a hot
soldering iron". He did not mention a more specific dose.

b. Case studies
There were six experimental studies on the use of local anesthetics as
analgesics in reptiles(215,216,243,244,255,256). Spadola et al.(255) determined
that EMLA (lidocaine-prilocaine) cream was of practical use when combined with
tramadol analgesia for the surgical treatment of prolapsed penis in various
chelonians. Rivera et al.(244) and Fontenelle et al.(216) used lidocaine to
provide spinal anesthesia in chelonians; 0.8 mg/kg in Galapagos tortoises (G.
nigra) and 4-8 mg/kg in Red-footed tortoise (C. carbonaria). Guirro et al.(215)
and George(256) used lidocaine as a local infiltration (5mg/kg) to improve
desensitization of an area during surgery involving a Tegu lizard (T. merianae)
and a python (P. molurus), respectively. Wellehan et al.(243) reported that
mepivacaine provided mandibular block for dental surgeries in restrained
crocodilians that were given systemic analgesics (ketoprofen or meloxicam).
Efficacy was determined using a nerve locator and absence of motor response
(it should be noted that the absence of a motor response does not measure
sensory response).

c. Text books, SOPs and other papers
The doses reported were generally similar, staying within the range given
in textbooks for mammals (lidocaine 2-5 mg/kg; bupivacaine 1-2 mg/kg) There
were two exceptions(249,251), which used doses as high as 15 mg/kg of
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lidocaine on Tegu lizards and Brazilian rattlesnakes (C. durissus terrificus) and
reported no side effects. Local anesthetics were used for various purposes,
mainly at surgical sites and for endotracheal intubation as well as desensitizing
the cloacal region, or for spinal or dental blocks.
The use of local anesthetics is more widespread in reptiles than in
amphibians or fish. A survey of members of the Association of Reptile and
Amphibian Veterinarians in 2002 appears to support this because it showed that
nearly

one-third

of

participants

reported

using

local

anesthetics(257).

Information concerning local anesthetics and their use in reptiles has continued
to grow. It could be argued that this more prevalent use of local anesthetics in
reptiles is associated with information concerning these drugs in the literature
being more readily available through many references in textbooks as well as
case studies, conference proceedings and clinical experiments. The value of
clinical experiments and case studies should not be underestimated as it is our
opinion that they can be especially practical for clinicians because they report a
very precise and applicable use of local anesthetics in a specific context.
However, the data is only useful if efficacy and dose is actually tested and
reported.
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Table 6. Reptiles: Results of a literature search for use of local anesthetics
for local anesthesia in reptiles
Agent

Dose
(mg/kg)*

Max dose
(mg/kg)

Route

Species

1-2

4
10(258)

T(258)
LI

Nd, Chelonians(210)

Comments, Reference(s)

Textbooks
Bupivacaine

Repeat every 4-12h.(208,210,242,258)
Infiltrate to effect;
Often used in conjunction with chemical
immobilization.(208)
Repeat every 4-12h(242,258)

Lidocaine
(0.5%-2%)

Lidocaine
(0.5%-2%)

Lidocaine 2%

2-5

1

-

4(258)
10

2
-

-

T(208,242,
258,259)
LI

LI
SI

LI

Nd

Chelonians

Nd(261),
American alligators
(A. mississippiensis)
(262)

Used for desensitization of glottis 2-3 minutes
before intubation;
Good with manual restraint for minor procedures
in most reptiles, but additional drugs should be
used for venomous snakes and large crocodilians.
(259,260)
May be used as adjunct to general anesthesia;
Epithecal anesthesia may be used alone or in
conjunction with general anesthesia for surgeries
of the cloaca and tail(210)
Line blocks are effective for minor procedures if
adequate restraint is provided;
Digital amputations and a mid-femur amputation
on alligators performed using only lidocaine for
anesthesia and physical restraint.(262)
Good alternative for general anesthesia for minor
procedures(261)

Procaine 1%

-

-

LI

Nd

SI

Red-footed Tortoise
(C. carbonaria)

Good alternative for general anesthesia for minor
procedures(261)

Experimenta
l Studies
Bupivacaine

1.15

Applied 0.2 mL per 5 cm of carapace(213)
Anesthetized the facial pits. This treatment
completely blocked trigeminal responses to
cooling or heating of the pits, even with extreme
stimuli such as ice or a hot soldering iron;
Duration: 25 min. (252)

Lidocaine 2%

-

-

T

Prairie rattlesnakes
(C. viridis)

Lidocaine 2%

1

-

LI

Chelonians

Anesthesia and muscle relaxation of the tail,
cloaca and pelvic members;
Average duration of anesthesia of 82 minutes;
No side effects or significant heart rate
change.(214)
Motor block of the tail, cloaca, and hind limbs;
Duration 1h. (253)

Lidocaine 2%

3

-

SI

D'Orbigny's slider
turtle
(T. dorbignyi)

Lidocaine 2%

4

-

SI

Red-eared sliders
(T. s. elegans)

Lidocaine 2%

4.6

-

SI

Red-footed Tortoise
(C. carbonaria)
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Not sufficient
anesthesia for celioscopy when used alone(245)

Applied 0.2 mL per 5 cm of carapace(213)

Case Studies

EMLA cream
(lidocaineprilocaine)

1g/10
cm2

-

T

Lidocaine 2%

4-8

-

SI

Lidocaine 2%

10 mL

-

LI

Lidocaine 2%

5

-

LI

Lidocaine 2%

0.8

-

SI

Galapagos tortoises
(G. nigra)

Mepivacaine
2%

1

25-29

LI

Crocodilians

Bupivacaine
0.25%

<2

2

LI

Nd

Bupivacaine
Lidocaine

-

-

T
LI

Nd

Cetacaine®
spray
(Benzocaine,
Butamben,
Tetracaine)

-

-

T

American alligators
(A. mississippiensis)

Lidocaine

-

-

LI

Nd

Chelonians

Red-footed tortoise
(G. carbonaria)
Python
(P. molurus)
Tegu lizard
(T. merianae)

Surgical anesthesia was reached within 19.22 ±
4.36 min.;
Full recovery of the tail and hind limb
withdrawal reflex and the full response to
pinching was recorded at 40.8 ± 7.7 min after
application.(255)
Provided an anesthetic period of 45 to 206
minutes(216)
Used to desensitize cloacal mass(256)
Used at surgical site(215)
Allowed phallectomy in conscious tortoises(244)
Used as a mandibular nerve block in
alligators(243)

Others

Loggerhead sea
turtles
(C. caretta)

Useful when the critical nature of a patient
precludes general anesthesia(263)
Local anesthetics (lidocaine and bupivacaine) are
one of the 5 most used analgesic drugs in reptiles
in 2004(257)

Used at surgical site(264)

Manual restraint supplemented with local
infiltration around the surgical site is satisfactory
for minor surgical procedures(265)

Lidocaine 1%

4 mL

-

LI

Lidocaine 1%

20uL(266
)

-

T
LI(266)

Female red-sided
garter snakes
(T. s. parietalis)

Lidocaine 1%

15

-

LI

Brazilian rattlesnake
(C. d. terrificus)

Lidocaine 12%

-

-

T
LI

Nd

Lidocaine 12%

0.1-0.2
mL

-

LI

Multiple snake
species

Combined with general anesthesia (ketaminehypothermia) for venom gland adenectomy(268)

Lidocaine 2%

2-15
(0.2–
1.0 ml)

-

LI

Tegu lizard
(T. merianae)

Used at surgical site(249)

Lidocaine 2%

-

-

LI

Nd

Lidocaine 2%

<2

2

LI

Nd

Lidocaine 2%

-

-

LI

American alligators
(A. mississippiensis)
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Used at incision site for laparoscopy(247)

Numbed the cloacal region(250,266)

Dose was diluted to a total volume of 1.0 ml in
normal saline and divided between four injection
sites (0.25 ml/site) anterior to the cloaca(251)
Can be used on glottis to help intubation or as a
local infiltration for minor procedures; Restraint
is still required.(267)

Effective in providing
anesthesia for laceration repair, abscess
therapy, and other minor procedures(269)
Useful when the critical nature of a patient
precludes general anesthesia(263)
Use on incision line and to block a heart
valve(248)

Used for post-operative anesthesia of a
wound(270)

Lidocaine 5%

-

-

T

Pond turtle
(P. scripta)

Lidocaine
2%/Bupivacai
ne 0.25%
Lidocaine
2%/Bupivacai
ne 0.25%

2 (L)1 - 1
(B)2

<2

LI

Nd

Can help to reduce or negate the need for
anesthetic drug in critical patients(263)

2 (L)1 - 1
(B)2

-

-

Nd

Use as needed(271)

Procaine 1%

-

250 (lethal
dose)3

LI

Nd

Effective in providing
anesthesia for laceration repair, abscess
therapy, and other minor procedures(269)

Tetracaine
1%

20uL
(266)

-

T
LI (266)

Female red-sided
garter snakes
(T. s. parietalis)

Numbed the cloacal region(250,266)

Legend: LI = local infiltration, T = topical, SI = Spinal Infiltration, Nd = no data; * = other units if
mentioned
Sources have been included in parenthesis after their respective comments or in other parts of the table if
some information is not common to all sources in a row. If concentrations are not specified, it is because
the information was not provided in the original source.
1

Lidocaine
Bupivacaine
3
Based on dogs
2

1.4.3.4 Conclusions
In summary, most textbooks and case reports recommend a dose for
local anesthetics that is the same as the dose used in mammals. However, there
is very little evidence to support that this recommendation is appropriate for fish,
amphibians or reptiles. Moreover, the actual doses used in research studies
and case reports vary widely and are generally higher than the dose
recommended in textbooks. Thus, it is impossible to provide a table of
recommended doses for these animals.
Amphibian and fish literature concerning local anesthetics is very limited
while reptilian literature is more extensive and shows that local anesthetics are
used for some routine procedures such as endotracheal intubation(259). Local
anesthetics were used without any epinephrine additive in all cases except for
one in fish(229). Lidocaine was the most commonly mentioned local anesthetic
46

for use in amphibians, fish or reptiles. It was almost the only one for amphibians
and fish, with the exception of bupivacaine and procaine, respectively. Reptilian
literature also included mepivacaine, tetracaine, EMLA cream and a mixture of
lidocaine-bupivacaine.
None of the information collected here is based on pharmacokinetic or
pharmacodynamic data from the target species because none exists yet for local
anesthetics in any species of fish, amphibians, or reptiles; that information is
available only for mammalian species. Local anesthetics are used or
recommended nonetheless because it would seem logical that they could be
beneficial in these species. The use of local anesthetics in “exotics” species is
based on rare mention of clinician’s personal experience and even rarer case
studies. Caution must be advised because there are important differences in
biological characteristics between the three groups of animals discussed here
and mammals. In addition, there are major differences between species within
each group. Those differences influence the way those animals respond to and
metabolize drugs. Furthermore, we know that the structure of the voltage-gated
sodium channels on which local anesthetics act varies between species – it
even varies within species acclimated to different temperatures(272). Thus it is
possible that the binding and the effective dose will differ in different species,
making it important to report efficacy in different animals as well as gather
detailed pharmacodynamic information about local anesthetics in those animals.
This would improve our knowledge of the properties of local anesthetics in those
species and therefore improve our use of these drugs in said species. In the
meantime, clinicians must make educated decisions based on the available
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literature while taking into account the source they are using, especially whether
or not the source evaluated the efficacy of the drug. The present review has
collected and divided the literature according to the source’s type to facilitate this
process.

1.5 Animal models of pain
Despite the various problems previously outlined with the definitions of
pain in animals, they are often used as models for pain related research. I will
cover models of acute pain only, because it is more pertinent to my study.

1.5.1 Stimuli
Diverse types of stimulus have been used to produce acute pain:
electrical, thermal, mechanical and chemical(17), all of which have some
disadvantages, which I will now briefly summarize.
Electricity is not natural in the sense that it is not a stimulus that an
animal would normally encounter, it can excite all peripheral fibers in a
nonspecific manner, completely short-circuits peripheral receptors, and
variations in the impedance of tissues can be problematic.
Thermal stimuli can be divided in four categories: radiant heat sources,
thermodes, thermostatic bath and CO2 laser. Except for CO2 laser, the generally
weak caloric power of the stimulators used is a limitation. Radiant heat sources
have the additional disadvantage of emitting radiation in the visible spectrum,
thus making the painful stimulus dependent on many skin related variables such
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as conductance, reflectance, absorbance, transmittance, and initial temperature.
Thermodes can concurrently activate low-threshold non-nociceptive fibers with
inhibitory influence on pain mechanisms(273,274) and are highly dependent on
the quality of the thermode-skin contact. Thermostatic baths provide more rapid
stimulation, but it is difficult to know the temperature reached within the various
layers of the skin. CO2 lasers are by far the most efficient thermal stimulator but
their technical complexity and high cost make them less commonly used.
Mechanical stimuli tend to be non-specific because they activate lowthreshold mechanoreceptors as well as nociceptors, they can be challenging to
apply to animals, especially small and free moving ones, they are more invasive
and thus likely to produce changes in the tissues, and it is sometimes
problematic to separate the effects of the nociceptive stimulation from that of the
presence of the mechanical stimulus itself.
Chemical stimuli are said to be the “closest in nature to clinical pain”(17),
yet they have multiple drawbacks. They tend to produce a stimulation that is
slower, progressive, of longer duration, and often irreversible once applied.

1.5.2 General models
Many models are used to study pain, mainly using rodents(17). The
general principle of the tests involved in those models is that a nociceptive
stimulus is applied and the behavioral response of the animal is measured. Le
Bars(17) divided models in two categories based on the duration of the stimulus:
short-duration and long-duration.
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Short-duration tests usually involve measuring the nociceptive threshold
which corresponds to a specific behavior from the animal. This behavior
indicates that the nociceptive stimulus has been perceived, and is often a
withdrawal of the anatomical region subjected to the stimulus. The main tests in
this category can be subdivided by type of stimulus. The main tests involving
thermal stimulus are the tail-flick test(275), paw withdrawal test(276), and the
hot plate(277). Progressive mechanical pressure is also used in some tests and
is sometimes preceded by the application of an inflammatory substance(278).
Electrical stimulation is used as direct or indirect stimulation of the tail/paw(279–
281), and direct stimulation of the dental pulp(282) or limbs(283).
The long-duration category primarily uses irritant substances as a
nociceptive stimulus and differs from the short duration in that they quantify the
behaviors observed in reaction to the stimulus in a short period of time rather
than the threshold. Surgical incisions and irritating substances have also been
used for such models(284,285). Injection of irritating substances is usually
intradermal, intraperitoneal or into hollow organs. Intradermal injections are
commonly done in the paw, most commonly with formalin, but other substances
have been used such as Freund's adjuvant(286), capsaicin(287), hypertonic
saline(288,289), ethylene diamine tetra-acetic acid(290), and bee venom(291).
Other

substances

have

been

used

for

intraperitoneal

injections:

phenylbenzoquinone(292), adrenaline(293), acetylcholine, dilute hydrochloric or
acetic acid(294–296), bradykinin(297), tryptamine(298), adenosine triphosphate,
potassium chloride, and oxytocin(299). The stimulation of hollow organs has
been done using both irritating substances and mechanical stimulation.
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Examples of irritating substances injected in organs such as the colon and
uterus of

rats include formalin(300), glycerol(301), turpentine(302,303),

capsaicin and capsaicin-like substances(304,305), and mustard oil(306).
Mechanical stimulation is mainly used for distension of abdominal organs such
as the colon(307) . It is sometimes combined with the administration of acetic
acid to pre-emptively irritate the organ(308).
Other models of pain involving non-mammalian species also exist. The
most important is probably one using frogs wherein acetic acid is applied on the
hind leg of a frog to measure the “wiping reflex” of the acid by the animal(20).
Other models in non-mammalian species are rarer, but some exist in
birds(309,310) and reptiles(311) for example.

1.5.3 Fish models
Pain research in fish is a relatively recent field of study. The current
debate previously discussed has a clear impact on it, and as such there are only
a few studies using fish as models of pain. Those studies are usually undertaken
by authors trying to prove that fish can feel pain or the results of those studies
are interpreted by said authors to prove this point. Rose et al.(56) reviewed
those studies in his 2014 article and included a table summarizing them (see
Appendix A). There have been only a few nociceptive stimuli tested, the main
ones being acetic acid(21,217,312–315), retained lure(109,315–317) and
electricity(318–321). Bee venom(21), heat(322), and caudal fin clip(323) have
also been used as stimuli. The site of stimulus application was fairly conserved
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between

authors.

All

authors

using

acetic

acid

injected

it

in

the

“lips”(21,217,312–314). The electric shocks were delivered directly by electrodes
affixed to the skin of the fish(318–320) or directly into the tissues of the caudal
fin in one case(321). The heat stimulus was applied to the trunk and the fin clip
was done on the caudal fin. Only a few species of fish were involved in those
studies; the main ones being rainbow trout, goldfish and common carp.
However, because the conclusions of these studies are an important part
of the current pain debate and the fact that the presence of pain itself is debated
in fish (see above and Appendix B for a list of proposed indices of fish welfare),
there is currently no officially recognized and validated test to evaluate pain in
fish.

1.6 Nociceptive stimulus choice
For my study, a nociceptive stimulus had to be chosen to test the effects
of the local anesthetic drug lidocaine. Unlike the previously described tests, my
study is not trying to evaluate pain but whether the drug provides a local lack of
sensation. The stimulus should therefore stimulate only a specific region of
interest and followed by monitoring previously established parameters to detect
whether or not the fish reacts to the stimulus. The dorsal fin was chosen as the
site of interest because it is easily accessible and observable as well as being
relatively isolated from the main body of the fish. Unfortunately, no specific
information could be found concerning the innervation of the dorsal fin of fish. It
was deemed that a mechanical stimulus, even though not previously used in
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fish, would be ideal because it could provide a constant reproducible stimulus by
applying a constant pressure. The main concern with the other types of stimuli
previously used in fish was that they would be more difficult to completely
localize. Irritating substances can be metabolized or spread through the tissues
or water, and heat and electricity can easily spread to other areas. It would also
have been challenging to keep those stimuli constant, especially irritating
substances because the inflammatory reaction they cause changes over
time(324,325). An artery clip was thus chosen as mechanical stimulus, but some
problems were noticed (see MATERIAL AND METHODS section for details) and
it was changed to a small steel spring. It seems reasonable to assume that such
a spring, placed sideways, in a perpendicular manner, on the dorsal fin would
give a constant pressure and not interact with any other part of the fish’s body
(See Figure 5 for an example of the application of the spring).

1.7 Rainbow trout
Rainbow trout (Oncorhynchus mykiss) and zebrafish (Danio rerio), are
amongst the most intensively studied model fish species(326). Rainbow trout
are native to the Pacific coast of North America and Russia, but have been
introduced around the world, primarily in North and South America as well as
Europe and Australia(327). They are an inexpensive, “hardy fish that is easy to
spawn, fast growing, tolerant to a wide range of environments and handling, and
the large fry can be easily weaned on to an artificial diet”(328). Because of those
characteristics, it has been used for fish farming and recreational fishing for
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many years. It is estimated by the Food and Agriculture Organization of the
United Nations (FAO) that 818 286 tons of rainbow trout were produced across
the globe in 2013(328); 6,700 tons being produced by Canada, with an
estimated value of 39.1$ million(329) in Canadian dollars at the time. This
growing industry has therefore important economical ramifications at both
domestic and international levels.
Because humans have been involved with rainbow trout for so long, it is a
fairly well understood species in terms of its physiology, reproduction, genetics
and wild populations(326,330). As such, trout are widely used in research, both
as a model for human diseases and processes, and for research related to the
species itself. Their relatively large size compared with other fish models, such
as zebrafish, makes them a good model for surgical procedures as well as
allowing for large quantities of cells and tissues to be isolated for immunological,
biochemical, and molecular biological analysis(326). They are also ideal models
for genetic research because of their high fecundity, the ease of manipulation
and handling of gametes, the year-round supply of their gametes and the welldeveloped method for semen cryopreservation(326,331,332). Moreover, at least
five clonal lines of rainbow trout have already been developed(333). They are
used to study carcinogenesis and toxicology, such as liver cancer induction by
environmental carcinogens(5), comparative immunology, disease ecology and
resistance, physiology, nutrition, transgenics, as well as evolutionary and
quantitative genetics(326,330).
The fact that they are widely used makes them a good model for the
present study, because improving our knowledge of analgesic drugs should
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improve the welfare of rainbow trout by diminishing the potential negative
influence of the nociceptive stimuli involved in various procedures they are
routinely exposed to. Furthermore, rainbow trout are the fish that were used in
the study that recently demonstrated the presence of nociceptors in fish(21) and
subsequent studies trying to prove the presence of pain in fish(28,217,219,313).
They also possess voltage-gated sodium-channels, the site of action of several
drugs(334) including the drug tested, lidocaine. Those sodium-channels, while
not exactly the same, are thought to be fairly well conserved among
vertebrates(272). It is for these reasons that I used rainbow trout to study the
potential side effects and establish a dose-response curve for lidocaine used as
a local anesthetic.

1.8 Objectives and hypothesis

The hypothesis is that lidocaine acts as an anesthetic in fish when given
as local infiltration (null hypothesis is that lidocaine has no anesthetic
effect in fish when given as local infiltration). To test this hypothesis, I
carried out experiments to evaluate the potential side effects of lidocaine
when given as a local infiltration and determine a dose-response curve.
The experiments were:

1. To test if there are observable side effects in the behavior of rainbow trout
injected with lidocaine as a local infiltration.
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2. To evaluate if there are histopathological lesions at the infiltration site as
a side effect of local infiltration of lidocaine in rainbow trout.
3. To estimate the dose(s) of lidocaine that will decrease or eliminate the
behavioral changes associated with a nociceptive stimulus (physical
pressure from a small metal spring) in rainbow trout.
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CHAPTER 2: MATERIAL AND METHODS

2.1 Animals and housing
160 rainbow trout (Oncorhynchus mykiss) were obtained from Ocean
Trout Farms, Brookvale, PE. They were divided in 3 cohorts that arrived at
different times (Nov 13-2015, May 11-2016, Oct 12-2016). Mean fish weights
during the experiment were 58.4±11.9 g, 125.2±32.3 g and 109.9±35 g, while
mean lengths were 17.2±1.4 cm, 22.6±2.5 cm and 20.5±2.5 cm for the first,
second and third cohorts respectively (reported as “mean±SD”). They were held
in 200-L and 71-L tanks in the aquatic facility of the Atlantic Veterinary College
(AVC) at the University of Prince Edward Island (UPEI). The water temperature
was maintained at 11±1 °C. Fish were kept under a 12:12 light:dark regime and
fed pellet food daily (EWOS® Transfer 3mm diet for salmonids) in the morning3.
Fish were acclimated to holding conditions for at least a week before the
experimental trials. They were maintained and treated according to the ethical
guidelines of the CCAC; this project was approved by the UPEI Animal Care
Committee (Protocol Number: 15-019-6006255).
The plastic anesthesia tank was 23 cm in diameter and 29.5 cm deep
(11.4 L). The fish were anesthetized individually in 1.5 L of water containing MS222 (80mg/L, Aqua Life, Tricaine Methanesulfonate, Western Chemical Inc.,
Ferndale, WA) buffered with equal amounts of of sodium bicarbonate (Sodium
Bicarbonate, ACS reagent, 99.7-100.3%, Sigma-Aldrich, St. Louis, MO). The
3

Fish were originally getting fed 1% of average body weight per day for the Side Effects
rd
experiments. This was changed to 0.75% per day on November 23 2016 during the DoseResponse Experiment to limit the growth of the fish.
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trial tanks were 2 translucent plastic tanks (52 x 27 x 32 cm), corresponding to a
depth of 11 cm. They were modified to create a circular opaque arena by
inserting a rectangle of white coroplast® sheet covered in a blue Snow Flite
Sled (Snow Flite Sled, 36-in, Canadian Tire, product number 082-5206-6), both
bent so as to form an ellipse and held in place with nylon bolts. The 2 trial tanks
were placed side-by-side on a large table. They each contained an air stone as
well as a small pump to create a slow water flow and placed in a low flowthrough system using the same water as the holding tanks (which was used for
all other tanks as well). Fish were housed individually in the trial tanks for the
duration of the experiment (see Figure 4). The treatments were given on a
surgical table consisting of a tank in which a pump allowed the circulation of
water. The fish were placed on a sponge which was elevated in the tank and a
tube linked to the pump was placed in their mouth to provide water for
respiration while they received the treatment. The experimental area was lighted
from above using an industrial lamp (using a Halogen 300 watts bulb) placed on
the wall opposite from where the tanks stood. The light from this source was
reflected on a white coroplast® sheet placed above the trial tanks. This light was
turned on in the morning, at least 2h before the behavioral experiments.
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Figure 4. Trial tanks as seen from main camera

2.2 Procedures common to all behavioral experiments
Fish were transferred to the trial tanks at the end of the day (usually
between 16-18h) so they could acclimate to the trial tank overnight and be
fasted for a minimum of 24h. Around noon, the experiment was started and the
fish were anesthetized. Once the fish reached a medium-to-deep plane of
anesthesia, they were transferred to the surgical table where their treatment was
administered (see Table 7 and the Behavioral Experiment sections for details
about the treatments). The treatments consisted of infiltrations in the muscle
tissues on each side of the dorsal fin (except for the No Infiltration group, which
received no infiltration) with either sterile saline (0.9% Sodium Chloride for
Injection USP, Hospira Healthcare Corporation, Montreal, QC) or lidocaine
hydrochloride 2% (Lurocaine, Vetoquinol, Lavaltrie, QC) diluted in sterile saline.
No adjuvants were added to the lidocaine or saline so as to limit potential bias.
The infiltrations were started 4-5 mm behind the caudal end of the dorsal fin and
the needle was fully inserted cranially. The solution was then injected as the
59

needle was slowly removed from the site. This was done using a 1 mL syringe
with 1 inch 25 G needle. The infiltration volume was kept constant at 0.25 mL
(see Appendix C for how this volume was chosen) per site for a total of 0.5 mL
per fish. The doses of lidocaine were calculated based on the average weight of
a group of fish, so that each fish was given the same volume of drug. The
difference between the dose given and the theoretical dose for that group was
calculated after each fish was weighed at the end of the experiment. This was
done so as to mimic the conditions in the field where an approximate weight
would be used and each fish would not be individually weighed(335). The
average weight used was slightly altered during some of the later trials to adjust
for the fish growth (see Table 9 for a list of all doses used). The lidocaine
solutions were produced by injecting a certain quantity of lidocaine in a 10 mL
saline bottle after having taken out the same amount of saline (see Table 9 for
details). Lidocaine was diluted in saline instead of sterile water in an effort to
lessen the potential disturbances of homeostasis resulting from the injection of a
solution.
After receiving the treatment, the fish were placed back in their
corresponding trial tank and recorded. They were fed by automatic feeders
(Everyday Fish Feeder, Eheim) at 6 time points (0.25h, 0.5h, 1h, 2h, 3h, 4h) and
their activity 1 minute before and after feeding was later analyzed. Their feeding
as well as their ventilation rate and the number of fish that tried to jump out of
the tank (termed “jumpers”) were also recorded during this period. The latter
parameter was mainly used as an indicator of stress in the fish. The feeders
were weighed before and after every experiment to estimate the quantity of food
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given to the fish. The ventilation rate was not recorded for the first 2 time points
because it was determined that it would always be abnormal because of the
recovery from anesthesia. The feeders (one feeder for the first 2 time points and
another for the other time points) were started when the fish had regained a
vertical position and was able to swim upright for 10 consecutive seconds.
Sometimes, the fish had recovered but remained lying on their side at the
bottom of the tank after anesthesia yet would start swimming normally if
disturbed. To limit the delay to the experiment caused by such a behavior, the
fish were gently nudged with the net to get them swimming after approximately 7
minutes of inaction post-anesthesia. This was altered for the third cohort used
for the dose-response experiment. For this cohort, the fish were put back in the
trial tank after they exhibited tail movement while on the anesthesia table, thus
“normalizing” the state in which they would be put back in the trial tank and
reducing the chances of prolonged recovery delaying the experiment. The
experimenter left the room after the feeders were started and came back only at
the end of the 4h period. At this point, the fish were anesthetized again so that
they could be weighed and measured (using the fork length method), then
returned to a holding tank so they could heal. Some fish were used again for the
Lidocaine

60

group

of

the

Dose-Response

Curve

experiment.

The

histopathological experiment showed that the lesion from the injection was
mostly healed by 30 days post-injection, so I reasoned that the fish could be
used again 45 days after their first infiltration.
Fish behavior was recorded during the trial for later analysis, continuously
with a camcorder (JVC AVCHD EVERIO, model number GZ-VX700BU) and
61

intermittently 10-15 min before the last 4 time points (1h, 2h, 3h, 4h) using the
remote control function of a GoPro (GoPro Hero3 White) placed on the side of
each trial tank. The 4h duration was chosen based on the usual duration of
effect of lidocaine in mammals (see Table 3) however the duration of activity in
fish might differ because fish’s physiology is different from mammals. The
experiment’s duration was also limited to 4h for technical and practical reasons
(see Potential caveats of the Side Effects experiments section of the Discussion
for details). The fish’s activity was analyzed using LoliTrack® (ver. 4.1, Loligo
Systems, Tjele, Denmark). The fish were left undisturbed in the room for the
duration of the experiment, except for some occasions where a GoPro failed to
respond, in which case I entered the room to fix the device shortly after both fish
had just passed a recording time point.
I performed all the procedures and analyzed all the videos.

2.3 Behavioral experiments
(for summary, see Table 7)

2.3.1 Infiltration effect control group
The fish for this group were used as a control to establish the normal
behavior of fish when exposed to the conditions of the trial. The fish in this group
were anesthetized and place on the surgical table for approximately 1 min
before they were placed back in the trial tanks. No infiltration was done. This
group is referred to as the No Infiltration group (n =15).
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2.3.2 Dose effect control group
The fish for this group were used as a control to offer a contrast for the
infiltration of a physiologic solution instead of the drug tested. The fish in this
group were anesthetized and infiltrated with 0.25 mL of sterile saline on each
side of their dorsal fin before they were placed back in the trial tanks. This group
is referred to as the Saline group (n = 15).

2.3.3 Experiment 1: Side effects
The fish for the Lidocaine group, the treatment group of this experiment,
were anesthetized and infiltrated with 0.25 mL of lidocaine on each side of their
dorsal fin before they were placed back in the trial tanks. The dose of lidocaine
was 20mg/kg and it was divided in half for each site of infiltration; the dose was
calculated based on the average weight of the fish and each fish was given the
same volume of drug. This dose was chosen to represent a high dose of
lidocaine because it is 10 times higher than the usual dose used in
mammals(133). This experiment, including the control groups, was done twice
because the cameras (GoPro) were not placed in the tanks the first time;
therefore ventilation rates could not be measured. It was repeated with a
different cohort of fish that were significantly bigger than the first cohort
(Average weight of first group: 58.4 g; average weight of second group: 125.2 g)
(n = 15).
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2.3.4 Experiment 2: Dose-response curve
Different doses of lidocaine were given (nominal doses: 2, 6, 20, 60
mg/kg), corresponding to the name of each treatment group (Lidocaine 2,
Lidocaine 6, Lidocaine 20 and Lidocaine 60), in a similar manner as described
for Experiment 1. Two new control groups were used, one infiltrated with saline
(Saline group) and one that was only anesthetized (No Infiltration group) as
previously described. The No Infiltration control group received the spring but no
infiltration and was tested first, followed by the saline and the Lidocaine 20
groups simultaneously, and then the Lidocaine 2 and Lidocaine 60 also tested at
the same time and lastly the Lidocaine 6. One fish per treatment was tested
each day when 2 groups were tested simultaneously and the location of treated
fish was changed each day; e.g. a fish of the Lidocaine 20 group would be in the
front tank one day, then the back tank the next day. Fish used for the Lidocaine
6 group were previously used for the Saline and Lidocaine 20 groups, thus they
had been infiltrated once with either saline or lidocaine. Fish of this group were
allowed to recover for at least 45 days before being reused.
The nociceptive stimulus was a small steel spring (1.9 cm, 0.51 g) placed
sideways on the dorsal fin so that it would produce a constant localized pressure
throughout the experiment (see
Figure 5. Photograph of the noxious stimulus – a metal spring placed on
the dorsal fin of a rainbow trout and
Figure 6). The infiltration was done a few seconds before the spring was
placed. (n = 15/group except for Lidocaine 2 and 60 for which n = 11).
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Figure 5. Photograph of the noxious stimulus – a metal spring placed on
the dorsal fin of a rainbow trout

Figure 6. Photograph of the dorsal fin after removal of the noxious
stimulus
A clear circular shape can be seen on the dorsal fin at the site where the metal spring
was placed. This picture was taken after a trial period, thus the spring was in place for
approximately 4h.
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2.4 Histological experiment
(for summary, see Table 8)
To assess the potential lesions caused by the infiltration itself and the
drug, 2 groups of 15 fish were treated and a histological evaluation was done at
different time points over a period of 30 days (1, 3, 8, 15, 30 days postinfiltration). 3 sites were sampled for each fish at each time point: the caudal end
of the fin, the middle of the fin and the cranial end of the fin. Fish were fed daily
as usual after infiltration. Mean fish weight during the experiment was 83±24 g,
while mean length was, 18.9±2.1 cm (reported as “mean±SD”)
All fish in a group were anesthetized and treated on the same day. All
infiltrations were done in a manner similar to the behavioral experiments. After
they were treated, all fish from the group were placed in a 71 L holding tank. At
each time point, 3 fish were euthanized by an overdose of anesthetic (MS-222,
300 mg/L) and transversal sections of the sections of the dorsal fin previously
described were taken, and then trimmed down to exclude the spine so that only
the tissues above it, with an average thickness of 1-2 mm, were evaluated.
These tissues were fixed in formalin for a minimum of 48h and then transferred
to a decalcification solution (Cal-Ex™ II Fixative/Decalcifier, Fisher Chemical,
Ottawa, ON) overnight before the tissues were trimmed, placed in cassettes and
made into slides (thickness of 5 microns) and colored (hematoxylin and eosin)
by a technician for subsequent evaluation.
A grading system was developed to evaluate the slides. The parameters
evaluated were muscle degeneration, hemorrhage and inflammation. Muscle
degeneration was scored as percentage of degenerated myocytes observed at
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100x magnification. Hemorrhage and inflammation were scored in relation to the
severity of changes based on all observed slides; 0 being absence of changes,
1 being very minimal changes and 5 being most important changes observed at
400x magnification. All tissues on the slides were first evaluated at low
magnification (50x-100x), then any changes observed were then evaluated at
higher magnification (200x-400x). The slides were first evaluated independently
by 2 evaluators (Dr. Stevens and Dr. Chatigny), and then evaluated again by
both evaluators to come up with a final score for each slide.

2.4.1 Infiltration control group
The fish in this group received no infiltration on the left side of their dorsal
fin and an infiltration of 0.25 mL of saline on the right side of their dorsal fin (n =
15).

2.4.2 Lidocaine group
The fish in this group received no infiltration on the left side of their dorsal
fin and an infiltration of 0.25 mL of lidocaine on the right side of their dorsal fin.
The dose used was 10 mg/kg. This dose was chosen to mimic the use of the 20
mg/kg dose in the Side Effects experiment, which was divided in half to be
infiltrated on both side of the dorsal fin. The average fish weight used to
calculate the dose was 56g (n = 15).
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2.5 Parameters description and data correction
Several parameters related to activity were recorded. The distance
moved over time provided by the LoliTrack® software was transferred to a
Microsoft Excel® (Microsoft Office 2010) file where it was modified to cancel out
noise. The reflection on the water tended to overestimate total movement, so a
7-point median filter was used on the distance calculated for each frame so as to
diminish that overestimation. The distance moved before food presentation was
obtained by subtracting the corrected value calculated by the software at 1
minute before food presentation to the corrected value calculated by the
software moved at the time of food presentation. A similar technique was used
to obtain the distance moved after food presentation. The total movement of the
fish and the movement of the fish before food presentation were analyzed as
actual movement reported by LoliTrack® in cm divided by the length of fish in
cm giving a new unit “fish length/min” (“fish length/2 min” for total movement).
The movement of the fish after food presentation was analyzed as proportional
movement corresponding to the proportion of the total movement recorded in
the video clip of that fish after food presentation, which was reported in
percentage. The data of fish that showed only minimal activity for the duration of
the clip were changed for the analysis of their proportional movement to 50%
after food presentation. This was meant to show that those fish had similar lack
of movement during the clip and thus diminish the bias of a fish being reported
as having moved tremendously before or after feeding while in reality only a
small movement was recorded at one point. For example, a fish that stayed still
for the majority of the clip, but moved its tail very slightly 30 seconds after food
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presentation would have a proportional after food presentation movement of
nearly 100%.
Parameters relating to food consumption were evaluated. Fish were
recorded as having fed only if they ingested pellets in the 1 minute window after
food presentation at each time point. If food pellets were consumed, the delay to
consumption was recorded. Ventilation rate was evaluated (opm/min) and
estimated by counting the number of opercular movements in intervals of 10s,
15s, 20s or 30s, then multiplying this number to arrive at an estimate count for a
complete minute. Escape behaviors were recorded by assessing whether or not
the fish attempted to jump out of the trial tank. This parameter was used to
assess stress in the animal. Recovery time was also recorded and determined
by the time between a fish’s return to the trial tank and the moment it regained a
vertical position and was able to swim upright for 10 consecutive seconds.

2.6 Statistical Analysis
A Binary Logistic Regression was used to evaluate the effect on feeding
and jumpers, and a General Linear Model (GLM) was used to evaluate the
ventilation rate and recovery time using Minitab® (Minitab® 17.3.1). A KruskalWallis test was used to evaluate delay to food consumption using Minitab®
(Minitab® 17.3.1) because the data was not following a normal distribution; only
the p-values adjusted for ties were used. Movements before and after feeding,
as well as the sum of those movements referred to as “total movement” were
evaluated using a Repeated Measures 2-way ANOVA model using GraphPad
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Prism® version 7.02 in the case of the Side Effects experiments. A GLM was
used for the Dose-Response experiments because some missing data points
made it impossible to use the Repeated Measures 2-way ANOVA. The level of
significance for all tests was set at p<0.05. Dunnett tests were used to evaluate
the results of the GLM and Repeated Measures 2-way ANOVA model.
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Table 7. Behavioral experiments summary

Experimental Group
Infiltration Effect Control
Fish

Treatment

Lidocaine Dose
Infiltrated IM
(mg/kg)
-

N

No infiltration
(Anesthesia only)

15

0
Dose Effect Control Fish Infiltration with saline

15

20

1. Side Effects

15
Infiltration with
lidocaine

2. Nociceptive
Stimulus

2
6
20
60

Infiltrations were done on each side of the dorsal fin. Volume was kept constant at 0.25
mL for each side; the dose reported is for the sum of both sides that is, the total
received by the fish.
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11
15
15
11

Table 8. Histological experiment summary
Experimental
Group

Side of the Dorsal
Fin

Treatment

Left

Lidocaine Dose
Infiltrated IM
(mg/kg)
-

N

No Infiltration

Saline

-

15

Infiltration with
saline

Right

-

Lidocaine

Left

No infiltration
15

Right

Infiltration with
lidocaine

10

Infiltrations were done on one side of the dorsal fin. Volume was kept constant at 0.25
mL.
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Table 9. Average weight used for lidocaine solutions

Dose (mg/kg)

Average
weight used
(g)

Quantity of
Lidocaine in 10
mL saline
solution (mL)

20
20
20
20
20
2
60
2
2
60
60
2
2

56
150
65
85
100
115
120
120
135
145
135
150
170

1.12
3
1.3
1.7
2
0.23
7.2
0.24
0.27
8.7
8.1
0.3
0.34

60

166

10

60
6
6
6
6

180
130
150
170
110

10.8
0.78
0.9
1.02
0.66

Comments

Use Lidocaine
directly from bottle
Use 0.54 mL
Lidocaine directly
from bottle

Each solution was made by injecting lidocaine in a small 10 mL bottle of saline, after
taking out the same amount of saline. The bottle for each solution was covered in
electric tape to protect it from light because lidocaine reacts to light. Multiple solutions
were made to adjust for fish weight. This table shows the date at which those solutions
were made, as well as the average fish weight and the quantity of lidocaine used.
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CHAPTER 3: RESULTS4
Table 10. Parameters evaluated
Parameters

Units

Recovery Time

min

Independent of Food

Ventilation Rate

opm/min

Presentation

Escape Behavior (Jumpers)

yes/no (%)

Movement Pre-feed

fish length/min

Food Consumption

yes/no (%)

Delay to Food Consumption

s

Associated with Food

% (of total
Movement Post-feed

Presentation

movement)
Total movement (pre+postfish length/2 min
feed)

As shown in the table above (see Table 10), the parameters evaluated for
the Behavioral experiments were divided in 2 main categories: independent of
food presentation and associated with food presentation. Those categories were
used to present the results of the Behavioral experiments in the following
sections.

4

All of the bar graphs in this chapter are presented at the end each section. They are
representing the mean with a SEM bar.
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1. Behavioral experiment 1: Side effects
This experiment was repeated twice. The main differences for the first
cohort are that ventilation rate was not measured, the fish of the non-infiltrated
group were left out of the water on a sponge for about 10 seconds instead of on
a surgery table similar to the other groups and the anesthetic solution of the fish
of that group was not buffered with sodium bicarbonate. There were no
mortalities, nor were there any obvious untoward side effects in any of the trials.

Table 11. Summary of results from the statistical tests for the first cohort
Parameters
Independent of
food
presentation
Recovery time
Ventilation rate
Jumpers
Movement pre-feed

Treatment

Time

Interaction

F2,42=1.63; p=0.209
2
X =1.57; p=0.457
F2,42=0.393;
p=0.677

2
X =4.95; p=0.175

F10,210=1.47;
p=0.151

F5,210=6.32; p<0.000

Associated with
food
presentation
X2=77.02; p<0.000
Food consumption
X2=1.77; p=0.413
Delay to food
H=0.16; p=0.922
H=15.51; p=0.008
consumption
Movement postF10,210=0.91;
F2,42=1.07; p=0.354 F5,210=3.50; p=0.005
feed
p=0.525
Total movement
F2,42=0.351;
F10,210=1.13;
F5,210=13.89; p<0.000
(pre+post-feed)
p=0.706
p=0.343
This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.
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1.2 First cohort (without ventilation rate)
(for summary, see Table 11)
There were no differences between the groups for all parameters
independent of food presentation. The number of jumpers was very low (0 or 1
jumpers) for the first 2 time points (0.25h and 0.5h) compared with the other time
points (2-6 jumpers) (Figure 8). The fish of all groups tended to move less
before food presentation for the first 2 time points (see Figure 10). This was
statistically significant (Repeated Measures Two-Way ANOVA, F5,210=6.32,
p<0.000) for the 0.25h time point compared with all other time points (Dunnett
p=0.002; p<0.0001; p=0.0013; p=0.0195) except the 0.5h time point (Dunnett
p=0.4386) and for the 0.5h time point compared to the 2h time point (Dunnett
p=0.0303). The movement before food presentation was generally higher for the
1h and 2h time points, and then decreased for the 3h and 4h time points. No
ventilation rates were recorded for this cohort.

There were no differences between the groups for parameters associated
with food presentation, however there were again some general differences
between time points. Fish in all treatment groups tended to feed more often after
the second time point (see Figure 12), as shown by the overall statistical
significance between time points (Binary Logistic Regression, X2=77.02,
p˂0.000); the CI of the Odds Ratio show that the first two time points (0.25h and
0.5h) were significantly lower than the other four (1h, 2h, 3h and 4h).

76

There were no differences between groups for the delay to food
consumption parameter (Kruskal-Wallis, H=0.16; p=0.922) (see Figure 14).
However, there was a significant difference between time points (Kruskal-Wallis,
H=15.51; p=0.008). This is mainly because only a few fish fed at the first two
time points and the ones that did exhibited a generally longer delay to consume
the food pellets.
Fish of all groups also tended to move more after food presentation than
before (see Figure 16). More than half of the total movement recorded in the
video clips occurred after food presentation for all groups at all time points. This
is especially true for the last 2 time points (3h and 4h); the general movement
following food presentation of all groups was statistically higher (Repeated
Measures Two-Way ANOVA, F5,

210=3.50,

p=0.005) for the 3h time point

compared with the 2h (Dunnett, p=0.026) time point and for the 4h time point
compared with the 1h time point (Dunnett, p=0.030) and the 2h time point
(Dunnett, p=0.002).
The total movement was generally lower for the first 2 time points and
then roughly similar for the last 4 time points (see Figure 18). The 0.25h and
0.5h time points were significantly lower than all of the others (Repeated
Measures Two-Way ANOVA, F5, 210=13.89, p<0.000). There was no significant
difference for recovery time.

The actual dose of lidocaine received by the fish varied between 70162% of the nominal 20 mg/kg dose with an average of 99%, this corresponds
to a dose range of 14-32.4 mg/kg with an average of 19.8 mg/kg. No statistical
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difference was found for any parameter in relation to the actual dose of lidocaine
received by the fish.

Table 12. Summary of results from the statistical tests for the second
cohort
Parameters
Independent of
food
presentation
Recovery time
Ventilation rate
Jumpers
Movement pre-feed

Treatment

Time

Interaction

F2,42=0.17; p=0.841
F2,42=24.11;
p<0.000
X2=7.53; p=0.023
F2,42=0.1418;
p=0.868

F3,119=2.16;
p=0.096
X2=7.95; p=0.048
F5.210=3.97;
p=0.002

F6,119=1.18;
p=0.322
X2=9.52; p=0.146
F10.210=0.95;
p=0.491

Associated with
food
presentation
X2=9.39; p=0.009
Food consumption
X2=5.62; p=0.345
X2=9.77; p=0.461
Delay to food
H=3.18; p=0.204
H=8.48; p=0.132
consumption
Movement postF5.210=1.73;
F10.210=0.95;
F2,42=4.14; p=0.023
feed
p=0.128
p=0.723
Total movement
F5.210=2.45;
F10.210=0.90;
F2,42=1.24; p=0.299
(pre+post-feed)
p=0.035
p=0.543
This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.

1.2 Second cohort (with ventilation rate)
(for summary, see Table 12)
The lidocaine infiltration had some statistically significant effects with this
cohort, although they do not appear to be detrimental. The data was different
from the first cohort for several parameters.
There were some differences between the treatment groups for some
parameters independent of food presentation. There was no statistically
significant difference between the ventilation rates of the No Infiltration group
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and the Saline group for all time points (average range: 85-94 opm/min) (see
Figure 7). Fish infiltrated with lidocaine showed significantly lower ventilation
rates (GLM, F2,119=24.11, p˂0.000) than the other groups for all time points
(average range: 79-82 opm/min) (Dunnett, p=0.003).
The number of jumpers showed a trend of being higher in this cohort than
the first one and there were again a very low number of jumpers (all 0 except for
the No Infiltration group at the second time point with 3) for the first 2 time points
(see Figure 9). There was some statistical difference between groups with this
cohort (Binary Logistic Regression, X2=7.53, p=0.023). This difference can be
mainly attributed to the 1h time point where the Lidocaine group had a
significantly lower number of jumpers than the Saline group (95% CI of Odds
Ratio = (1.2678, 118.3614)).
There was no statistical difference between the groups for the movement
before food presentation. However, similar to the first cohort, the first 2 time
points showed statistically significant less movement (Repeated Measures TwoWay ANOVA, F5,210=3.97, p=0.002) (see Figure 11) for the 0.25h time point
compared to the last 4 time points (Dunnett p=0.0223; p=0.0006; p=0.0045;
p=0.0226). There was no statistical difference for recovery time.

There were some differences between the treatment groups for
parameters associated with food presentation. The No Infiltration group fed
significantly less at the 0.25h time point than the other time points, and then
showed a marked increase in feeding for the 0.5h time point followed by a
fluctuating level of feeding between 50-70%. The group infiltrated with saline
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constantly fed less than the other 2 groups (see Figure 13). This was statistically
significant (Binary Logistic Regression, X2=9.39, p=0.009) compared with the
Lidocaine group for all time points except for the 1h time point and significant
compared with the No Infiltration group for the 0.5h (95% CI of Odds Ratio =
(0.0086, 0.3658)) and 2h (95% CI of Odds Ratio = (0.0262,

0.6671)) time

points. The difference between the Saline and No Infiltration group was only
significant for the specific time points mentioned, but there was no overall
significant difference between those group. The group infiltrated with lidocaine
showed a high proportion of fish feeding for all time points, more so than the
other 2 groups with the exception of the 0.5h time point where the No Infiltration
group fed more. Besides the previous statistical difference between the
Lidocaine and Saline group, the Lidocaine group also fed statistically more than
the No Infiltration group for the 0.25h time point (95% CI of Odds Ratio =
(0.0307, 0.9042)).
There were again no differences between groups for the delay to food
consumption parameter (Kruskal-Wallis, H=3.18; p=0.204) (see Figure 15).
Unlike the previous cohort however, there was also no significant differences
between time points (Kruskal-Wallis, H=8.48; p=0.132).
The fish of this cohort again displayed different results for the movement
in relation to food presentation. Fish did not always move more after food
presentation this time, except for the fish infiltrated with lidocaine (see Figure
17). The fish of this group had a statistically significant greater difference in
movement compared with the other groups (Repeated Measures Two-Way
ANOVA, F2,42=4.14, p=0.023) for the 3h time point (Dunnett, p=0.044) when
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compared with the group infiltrated with saline and close to being significant for
the 0.5h time point (Dunnett, p=0.064).
The total movement of the fish followed a similar pattern as the
movement before food presentation (see Figure 19). There was again no
statistical difference between the groups for the total movement, but the first
time point again showed statistically significant lower

movement (Repeated

Measures Two-Way ANOVA, F5,210=2.45, p=0.035) compared with the 2h and
4h time points (Dunnett p=0.0039; p=0.0299). The fish infiltrated with lidocaine
appeared to generally move more, but this was not statistically significant.
The actual dose of lidocaine received by the fish varied between 83189% of the aimed 20 mg/kg dose with an average of 132%, this corresponds to
a dose range of 16.6-37.8 mg/kg with an average of 26.4 mg/kg. No statistical
difference was found for any parameter in relation to the actual dose of lidocaine
by the fish.
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Figure 7. Ventilation rate by time points: Second cohort
Fish infiltrated with lidocaine 20 mg/kg had a significantly lower ventilation rate than fish
that received no infiltration for the 1h, 2h and 4h time points (mean ± SEM). This
difference was also significant compared with the fish infiltrated with saline for the 1h,
2h and 3h time points. * Statistically different from Saline group. † Statistically different
from No Infiltration group
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Figure 8. Proportion of jumpers: First cohort
There was no significant difference between the groups for fish that attempted to jump
out of the tank. Results are shown as mean ± SEM.
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Figure 9. Proportion of jumpers: Second cohort
Fish infiltrated with lidocaine 20 mg/kg had a significantly lower proportion of jumpers
(mean ± SEM). This is mainly due to their lower proportion of jumpers at the 1h time
point. * Statistically different from Saline group

83

20

( fis h le n g th /m in )

D is ta n c e m o v e d

N o In filtra tio n
S a lin e

15

L id o c a in e 2 0
10

5

0
0 .2 5

0 .5

1

2

3

4

T im e p o in t s (h )

Figure 10. Distance moved before food presentation: First cohort
There was no significant difference between the groups for the distance moved before
food presentation (mean ± SEM). Distance moved before food presentation was
significantly lower for the 0.25h time point compared with all other time points except for
the 0.5h time point. Distance moved before food presentation was also significantly
lower for the 0.5h time point compared with the 2h time point.
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Figure 11. Distance moved before food presentation: Second cohort
There was no significant difference between the groups for the distance moved before
food presentation (mean ± SEM). Distance moved before food presentation was
significantly lower for the 0.25h time point compared with all other time points except for
the 0.5h time point.

84

1 .2

P r o p o r t io n f e e d in g

N o In filtra tio n
1 .0

S a lin e

0 .8

L id o c a in e 2 0

0 .6
0 .4
0 .2
0 .0
0 .2 5

0 .5

1

2

3

4

T im e P o in t s (h )

Figure 12. Feeding by time points: First cohort
There was no significant difference between the groups for the feeding (mean ± SEM).
Food consumption was significantly lower for the 0.25h and 0.5h time point compared
with all other time points.
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Figure 13. Feeding by time points: Second cohort
Fish infiltrated with lidocaine 20 mg/kg fed significantly more than the fish infiltrated with
saline for all time points except the 2h time point (mean ± SEM). Fish infiltrated with
saline fed significantly less for the 0.5h and 2h time points. * Statistically different from
Saline group. † Statistically different from No Infiltration group
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Figure 14. Delay for food consumption: First cohort
Results are shown as mean ± SEM.
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Figure 15. Delay for food consumption: Second cohort
Results are shown as mean ± SEM.
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Figure 16. Distance moved after food presentation as % of total movement:
First cohort
There was no significant difference between groups for distance moved after food
presentation (mean ± SEM). Fish moved more after food presentation as seen by their
movement after food presentation being more than 50% of the total movement for all
time points.
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Figure 17. Distance moved after food presentation as % of total movement:
Second cohort
Fish infiltrated with lidocaine 20 mg/kg moved significantly more than fish infiltrated with
saline, this significance was present for the 3h time point as well as when comparing all
time points (mean ± SEM). Fish did not always moved more after food presentation. *
Statistically different from Saline group
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Figure 18. Total distance moved (before and after food presentation): First
cohort
There was no significant difference between the groups for total distance moved (mean
± SEM). Total distance moved was significantly lower for the 0.25h and 0.5 time points
compared with all other time points.
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Figure 19. Total distance moved (before and after food presentation):
Second cohort
There was no significant difference between the groups for total distance moved (mean
± SEM). Total distance moved was significantly lower for the 0.25h time point compared
with the 2h and 4h time points.
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2. Behavioral experiment 2: Dose-response

2.1. Dose effect
(for summary, see Table 13)
Table 13. Summary of results from the statistical tests for the dose effect
section of the dose-response experiment
Parameters
Independent of
food
presentation
Recovery time
Ventilation rate
Jumpers
Movement pre-feed

Treatment

Time

Interaction

F4,62=3.73; p=0.009
F4,62=63.02;
p<0.000
2
X =11.65; p=0.009

F3,171=1.92;
p=0.128
2
X =1.02; p=0.797
F5,310=9.18;
p<0.000

F12,171=0.59;
p=0.848
2
X =9.54; p=0.389

F4,310=5.2; p<0.000

F20,310=1.13; p=0.32

Associated with
food
presentation
X2=19.63; p=0.001
Food consumption
X2=6.31; p=0.278
Delay to food
H=15.56, p=0.004
H=6.89, p=0.229
consumption
Movement postF4,308=1.14;
F5,308=0.74;
F20,308=0.5; p=0.967
feed
p=0.339
p=0.598
Total movement
F5,310=9.08;
F20,310=1.75;
F4,310=4.7; p=0.001
p<0.000
p=0.025
(pre+post-feed)
This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.

To test if there was a dose effect, I compared the data from all the
Lidocaine groups to the Saline group, which corresponds to dose “0”. No clear
pattern could be observed to show a dose relationship, thus no actual doseresponse curve could be done, although there were some differences between
the Lidocaine groups and the Saline group for some parameters independent of
food presentation.
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All Lidocaine groups showed a dose effect for ventilation rate as they all
differed significantly from the Saline group (GLM, F4,171=63.02, p˂0.000)
(Dunnett p<0.001 for all groups); Saline group fish exhibited a generally higher
ventilation rate (see Figure 20 and Table 14). The ventilation rate of the Saline
group was significantly higher than the Lidocaine 2 group for the 3h time point
(Dunnett p=0.003), and the Lidocaine 6 and Lidocaine 60 groups for all time
points (Dunnett p<0.000; p<0.000); it was not significantly different from the
Lidocaine 20 group at any specific time point. The fish of the Lidocaine 6 and the
Lidocaine 60 groups had a significantly lower ventilation rate than the other
groups for all time points. The ventilation rate of the Lidocaine 60 group was
also significantly lower than the Lidocaine 6 group for the 2h (Dunnett p=0.034)
time point. There was no significant difference between the time points as most
fish tended to maintain a relatively constant ventilation rate during the
experiment.

Table 14. Summary of ventilation rates results from the dose-response
experiment
Group

Average
Ventilation Rate
(opm/min)
86-91
91-99
87-89
80-83
90-91
74-78

No Infiltration
Saline
Lidocaine 2
Lidocaine 6
Lidocaine 20
Lidocaine 60
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There were significant differences for the number of jumpers. The
Lidocaine 6 and Lidocaine 20 groups, but not the Lidocaine 2 group (Binary
Logistic Regression, X2=11.65, p=0.009), were significantly different from the
Saline group (see Figure 21). It was not possible to use the Binary Logistic
Regression with the Lidocaine 60 group because of the very low number of
jumpers; no fish jumped for the first 5 time points and only 2 fish (13%) jumped
for the last time point. Fish of other groups also did not significantly jump for the
first 2 time points so those time points were excluded from the test. The
Lidocaine 60 group should still be considered to be significantly different from
the Saline group because the difference between both groups was quite large
for all time points except the 0.25h time point. The Saline group had a
significantly higher number of jumpers compared to the Lidocaine 6 group for
the 2h and 3h time points (95% CI of Odds Ratio = (2.1553, 204.6139); (1.1717,
30.7246)), and to the Lidocaine 20 group for the 1h and 2h time points (95% CI
of Odds Ratio = (2.1553, 204.6139); (1.2678, 18.3614)). The Lidocaine 2 group
had a significantly higher number of jumpers compared with the Lidocaine 6
group for the 4h time point (95% CI of Odds Ratio = (0.0128, 0.6057)) and to the
Lidocaine 20 group for the 1h time point (95% CI of Odds Ratio = (0.0082,
0.8991)). The highest number of jumpers for the Saline group was 14 fish (93%)
at the 2h time point. This was also the time point at which the number of jumpers
was highest for the Lidocaine 20 group (8 fish or 53%) and the Lidocaine 2
group (7 fish or 64%), but not the Lidocaine 6 group (6 fish or 27%) for which it
was the 1h time point.
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Only the Lidocaine 20 group showed a dose effect for movement before
food presentation as it was the only one that was significantly different from the
Saline group (GLM, F4,310=5.2, p<0.000; Dunnett p=0.009) for this parameter.
The fish of the Lidocaine 20 group had a generally higher movement prior to
food presentation than the Saline, Lidocaine 6 and Lidocaine 60 (Dunnett
p=0.009; p=0.003; p=0.001) groups (see Figure 22). The movement preceding
food presentation for the fish of the Lidocaine 20 group was significantly higher
compared with the Saline group for the 1h (Dunnett p=0.046) time point and to
the Lidocaine 60 group for the 0.5h and 1h (Dunnettt p=0.008; p=0.001) time
points. The fish of the lidocaine 60 group had a generally low movement prior to
food presentation and had the lowest for the 0.5h and 1h time points. Fish of the
Saline and Lidocaine 60 groups generally moved less before food presentation.
There was also a general difference between time points that was statistically
significant (GLM, F5,310=9.18, p<0.000). The 0.5h and 1h time points showed the
highest movement before food presentation and this was significant compared
to the 0.25h, 3h and 4h time points. The 2h time point also showed significantly
higher movement before food presentation than the 4h time point (Dunnett
p=0.001).
Only the Lidocaine 60 group showed a dose effect for recovery time. The
recovery time of this group was significantly longer than that of the Saline group
(GLM, F4,62=3.73, p=0.009; Dunnett p=0.004). The recovery time of the
Lidocaine 60 group was also significantly longer than that of the Lidocaine 6 and
Lidocaine 20 groups (Dunnett p=0.023; p=0.011).
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There were some differences between the Lidocaine groups and the
Saline group for parameters associated with food presentation. Only the
Lidocaine 20 group showed a dose effect for feeding. The Lidocaine 20 group
fed more than the Saline group for all time points (see Figure 23). This
difference between the Saline and Lidocaine 20 groups was statistically
significant (Binary Logistic Regression, X2=19.63, p=0.001) for the last 3 time
points (2h, 3h and 4h). Fish of Lidocaine 20 group generally fed more than the
other groups and there was no significant difference between those other
groups. There was no statistical difference for the fish of the Lidocaine 2 group
except for the 2h time point where they fed significantly less than the Lidocaine
20 group (95% CI of Odds Ratio = (1.2715, 42.2940)). The fish of the Lidocaine
6 group fed significantly less than the Lidocaine 20 group for the 2h time point
(95% CI of Odds Ratio = (0.0165, 0.5006)). The fish of the Lidocaine 60 group
fed significantly less than the Saline group at the 3h time point (95% CI of Odds
Ratio = (0.0061, 0.6754)) and less than the Lidocaine 20 group for the 2h time
point (95% CI of Odds Ratio = (0.0236, 0.7865)). There was no obvious effect of
time on feeding.
There was a dose effect for the delay to food consumption. All Lidocaine
groups, except for the Lidocaine 20 group, had significantly shorter delay to food
consumption (Kruskal-Wallis, H=15.56, p=0.004) compared with the Saline
group (see Figure 24). No other significant differences or patterns were found for
this parameter.
There was no statistical difference between any groups for movement
following food presentation in this experiment. The percentage of movement
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post-food presentation was generally between 40 and 50% (see Figure 25). The
Lidocaine 60 group’s movement post-food presentation was proportionally the
highest for the 0.25h (54%), 3h (53%) and 4h (53%) time points, but was similar
to the majority of the other groups for the other time points.
Only the Lidocaine 20 group showed a dose effect for total movement
during the 2 minute video clip as it was the only one that was significantly
different from the Saline group (GLM, F4,310=4.7, p=0.001; Dunnett p=0.009).
The fish of the Lidocaine 20 group had a generally higher total movement than
the Saline, Lidocaine 6 and Lidocaine 60 (Dunnett p=0.009; p=0.003; p=0.001)
groups (see Figure 26). The fish of the lidocaine 60 group had a generally low
total movement and had the lowest for the 0.5h and 1h time points; this
coincides with the pattern seen for the movement prior to food presentation. It
should be noted that the statistical test of this parameter showed the only
significant interaction between time and groups. This would indicate that some
groups differed significantly from other groups in their pattern of movement in
relation to time. This difference is difficult to observe however, as the pattern
between time points for each group is very similar to the one outlined in the
description of the movement before food presentation; a parameter where no
significant interaction between time and group was found. At no specific time
does the effect of lidocaine appear to be more pronounced.
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Figure 20. Ventilation rate by time points: Dose-response experiment
Fish infiltrated with all doses of lidocaine had significantly lower ventilation rate compared
with the saline group (mean ± SEM). Fish infiltrated with lidocaine 6 mg/kg and 60 mg/kg
also had significantly lower ventilation compared with fish that did not received an
infiltration. NI: No infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine 20, and
60: Lidocaine 60. * Statistically different from Saline group. † Statistically different from No
Infiltration group. a Statistically different from Lidocaine 2 group. b Statistically different from
Lidocaine 6 group. c Statistically different from Lidocaine 20 group

95

1 .5

0 .2 5 h

P r o p o r t io n ju m p e r s

P r o p o r t io n ju m p e r s

0 .4

0 .3

0 .2

0 .1

0 .0

0 .4

0 .2

3h
b

0 .8

0 .6

0 .4

0 .2

0 .0

0 .0

1 .0

1h
†c

P r o p o r t io n ju m p e r s

P r o p o r t io n ju m p e r s

0 .5

1 .0

0 .5 h

0 .6

1 .0

†b c

1 .0

0 .0

P r o p o r t io n ju m p e r s

P r o p o r t io n ju m p e r s

0 .8

2h

c

0 .8

0 .6

0 .4

0 .2

4h

b

0 .8

0 .6

0 .4

0 .2

0 .0

0 .0
NI

0

2

6

20

NI

60

0

2

6

20

60

Figure 21. Proportion of jumpers by time points: Dose-response
experiment
Fish infiltrated with lidocaine 6 mg/kg and 20 mg/kg had a significantly lower number of
jumpers compared with the saline group (mean ± SEM). Fish infiltrated with saline had a
significantly higher number of jumpers compared with the fish that did not receive an
infiltration. Fish infiltrated with lidocaine 60 mg/kg presented jumpers only at the 4h time
points, thus they had the lowest number of jumpers of all groups. NI: No infiltration, 0:
Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine 20, and 60: Lidocaine 60. † Statistically
different from No Infiltration group. b Statistically different from Lidocaine 6 group. c
Statistically different from Lidocaine 20 group
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Figure 22. Average distance moved before food presentation: Doseresponse experiment
Fish infiltrated with lidocaine 20 mg/kg had a significantly higher movement before food
presentation than fish infiltrated with saline, lidocaine 6 mg/kg and lidocaine 60 mg/kg. The
fish that not received an infiltration had significantly higher movement before food
presentation compared with all groups except the lidocaine 20 mg/kg group. The 0.5h and
1h time points showed the highest movement before food presentation and this was
significant compared to the 0.25h, 3h and 4h time points. The 2h time point also showed
significantly higher movement before food presentation than the 4h time point. NI: No
infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine 20, and 60: Lidocaine 60.
†
Statistically different from No Infiltration group. c Statistically different from Lidocaine 20
group
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Figure 23. Feeding by time points: Dose-response experiment
Fish infiltrated with lidocaine 20 mg/kg fed significantly more than fish infiltrated with saline
and all other doses of lidocaine. Fish that did not received an infiltration fed significantly
more compared with the fish infiltrated with lidocaine 6 mg/kg and 60 mg/kg. NI: No
infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine 20, and 60: Lidocaine 60.
* Statistically different from Saline group. † Statistically different from No Infiltration group. a
Statistically different from Lidocaine 2 group. b Statistically different from Lidocaine 6 group.
c
Statistically different from Lidocaine 20 group
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Figure 24. Delay of food consumption: Dose-response experiment
Fish infiltrated with all doses of lidocaine, except for the 20 mg/kg dose, had a significantly
lower delay to food consumption compared with the fish infiltrated with saline. The fish that
did not receive an infiltration had a significantly lower delay to food consumption compared
with the fish infiltrated with saline. No other differences between groups or time points were
found. NI: No infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine 20, and 60:
Lidocaine 60.
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Figure 25. Average distance moved after food presentation: Doseresponse experiment
No significant difference between groups or time points was present for distance moved
after food presentation. NI: No infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20:
Lidocaine 20, and 60: Lidocaine 60.
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Figure 26. Average total distance (moved before and after food
presentation): Dose-response experiment
Fish infiltrated with lidocaine 20 mg/kg had a significantly lower total movement
compared with the fish that did not receive an infiltration and a significantly higher total
movement compared with fish infiltrated with saline, lidocaine 6 mg/kg and 60 mg/kg.
The fish that did not receive an infiltration had a significantly higher total movement
compared with all other groups. No other differences between groups or time points
were found. NI: No infiltration, 0: Saline, 2: Lidocaine 2, 6: Lidocaine 6, 20: Lidocaine
20, and 60: Lidocaine 60. * Statistically different from Saline group. † Statistically
different from No Infiltration group. c Statistically different from Lidocaine 20 group
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2.2. Infiltration effect
To show if there was an infiltration effect, I compared the data from the
groups previously shown to have a dose effect with the No Infiltration group.
Because this group had not received any infiltration, any group shown to have a
dose effect would also be shown to have a potential infiltration effect if its data
for a certain parameter were significantly different from this group. Differences
between the No Infiltration group and the Lidocaine groups not shown to have a
dose effect, as well as the Saline group, were also included in this section.

There were some differences between the treatment groups for some
parameters independent of food presentation. All of the Lidocaine groups were
previously shown to have a dose effect for ventilation rate, however only the
Lidocaine 6 and Lidocaine 60 groups showed an infiltration effect as they were
significantly lower compared with the No Infiltration group (GLM, F4,164=33.22,
p˂0.000). The fish of the Lidocaine 60 group had a significantly lower ventilation
rate than those of the No Infiltration group at all time points (see Figure 20 and
Table 14), while the fish from the Lidocaine 6 (Dunnett p=0.004; p<0.000;
p=0.024; p=0.019) group had significantly lower ventilation rates than those of
the No Infiltration group only for the 2h time point (Dunnett p=0.041).
None of the Lidocaine groups shown to have a dose effect had a
significantly different proportion of jumpers when compared with the No
Infiltration group (Binary Logistic Regression, X2=2.36, p=0.307). The highest
number of jumpers for the No Infiltration group was at the 3h time point (7 fish or
46%) and there were no jumpers for the 0.25h time point and a very low number
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of jumpers for the 0.5h time point (see Figure 21). It should be noted that the
Saline group had a significantly higher number of jumpers (Binary Logistic
Regression, X2=53.2, p˂0.000) compared with the No Infiltration group for the
1h (95% CI of Odds Ratio = (1.1717, 30.7246)) and 2h (95% CI of Odds Ratio =
(2.1553, 204.6139)) time points.
The only group shown to have a dose effect, the Lidocaine 20 group, was
not shown to have a significantly different movement before food presentation
than the No Infiltration group (GLM, F1,140=3.67, p=0.057). There was however a
general difference between time points that was statistically significant (GLM,
F5,140=10.31, p<0.000). The 0.5h, 1h and 2h time points showed the highest
movement before food presentation for the Lidocaine 20 and No Infiltration
groups (see Figure 22); this was significant compared to the 0.25, 3h and 4h
time points. It should be noted that the No Infiltration group also showed
statistically significant higher movement before food presentation (GLM,
F2,42=7.269, p=0.0019) compared to the Saline group for the 1h (Dunnett,
p=0.038) and 2h (Dunnett, p<0.000) time point, and the Lidocaine 6 group for
the 2h (Dunnett, p=0.009) time point, as well as the Lidocaine 60 group, for the
0.5h (Dunnett, p=0.016), 1h (Dunnett, p<0.000) and 2h (Dunnett, p=0.021) time
points. The No Infiltration group also had significantly higher movement before
food presentation compared with the Lidocaine 2 group (Dunnett p=0.001), but
this was an overall difference and it was not present at any specific time point.
The only group shown to have a dose effect, the Lidocaine 60 group, was
also shown to have an infiltration effect for recovery time. The recovery time of
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that group was significantly higher than that of the No Infiltration group (GLM,
F1,24=5.86, p=0.023).

There were some differences between the treatment groups for
parameters associated with food presentation. The only group shown to have a
dose effect, the Lidocaine 20 group, was not shown to have a significantly
different proportion of fish that fed in the 1 minute interval following food
presentation when compared to the No Infiltration group (Binary Logistic
Regression, X2=1.3, p=0.253). Fish of those groups generally fed more than the
other groups (see Figure 23). There was no obvious effect of time on feeding. It
should be noted that the fish of the No Infiltration group fed significantly more
than those of the Saline for the 1h, 3h and 4h time points (95% CI of Odds Ratio
= (0.0165, 0.5006); (0.0039, 0.3836); (0.0325, 0.8535)). The fish of the No
Infiltration group also fed significantly more than the Lidocaine 6 group at the 1h,
2h and 3h time points (95% CI of Odds Ratio = (1.4990, 38.1524); (1.5223,
42.0421); (1.1453, 26.4124)), and than the fish of the Lidocaine 60 at the 1h
time point (95% CI of Odds Ratio = (1.2715, 42.2940)).
None of the Lidocaine groups shown to have a dose effect had a
significantly different delay for food consumption when compared with the No
Infiltration group (Kruskal-Wallis, H=2.24, p=0.523) (see Figure 24). It should be
noted that the delay for food consumption for the Saline group was statistically
longer (Kruskal-Wallis, H=9.85, p=0.002) than that of the No Infiltration group.
No obvious pattern over time could be observed.
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As previously mentioned, there was no statistical difference for movement
after food presentation in this experiment (see Figure 25).
The Lidocaine 20 group was again the only one shown to have a dose
effect for the total distance moved during the 2 minute clip. For this parameter
however, it was also shown to have an infiltration effect as it was significantly
different from the No Infiltration group (GLM, F1,140=4.53, p=0.035). The fish of
the Lidocaine 20 group moved generally less than the No Infiltration group (see
Figure 26), except for the first time point where they moved more. A significant
interaction between time and group was again noted when comparing the No
Infiltration and Lidocaine 20 group even though the general pattern between
time points was again similar to the one outlined in the description of the
movement before food presentation. It should be noted that the fish of the Saline
group showed significantly lower total movement (GLM, F5,380 =10.61, p<0.000)
than those of the No Infiltration group at the 1h (Dunnett, p=0.0248), 2h
(Dunnett, p=0.0003) and 4h (Dunnett, p=0.0172) time points. The fish of the No
Infiltration group also had a significantly higher total movement compared to the
Lidocaine 2, Lidocaine 6 and Lidocaine 60 (Dunnett, p=0.003; p<0.000;
p<0.000).

2.3) Lidocaine dose received
The actual dose of lidocaine received by the fish of the Lidocaine 2 group
varied between 93-103% of the aimed 2 mg/kg dose with an average of 97%,
corresponding to a dose range of 1.86-2.06 mg/kg with an average of 1.94
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mg/kg. The actual dose of lidocaine received by the fish of the Lidocaine 6 group
varied between 87-108% of the aimed 6 mg/kg dose with an average of 100%,
corresponding to a dose range of 5.22-6.48 mg/kg with an average of 6 mg/kg.
The actual dose of lidocaine received by the fish of the Lidocaine 20 group
varied between 73-114% of the aimed 20 mg/kg dose with an average of 98%,
corresponding to a dose range of 14.6-22.8 mg/kg with an average of 19.6
mg/kg. The actual dose of lidocaine received by the fish of the Lidocaine 60
group varied between 72-135% of the aimed 60 mg/kg dose with an average of
98%; this corresponds to a dose range of 43.2-81 mg/kg with an average of 58.8
mg/kg. No statistical difference was found for any parameters in relation to the
actual dose of lidocaine received by the fish.
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3. Histopathology
(for summary, see Table 15)
Many of the slides contained artifacts such as folded tissues, missing
cells, and cells damaged from cutting. This was especially true for the slides of
the fish infiltrated with saline. The majority of slides did not show any obvious
changes for the base and middle of the dorsal fin sections, therefore only the
cranial end of the dorsal fin section was evaluated. This site corresponds to
where the lidocaine or saline was first injected before the needle was moved
backward to continue the infiltration. Changes were usually limited to one
myotome, but sometimes spread to adjacent ones. Very few changes were seen
on the side of the dorsal fin that was left untouched as a control for each fish.
Significant changes were observed on the side of the fin where the
infiltration occurred for the fish infiltrated with lidocaine (see Figure 27 and
Figure 29). This was more pronounced during the earlier days and diminished
gradually until very little could be observed on day 30 post-infiltration. The most
muscle degeneration was observed on day 1 post-infiltration. This was
associated with hemorrhage and inflammation. The inflammation was
characterized by inflammatory cells, mainly granulocytes, infiltrating the
damaged muscle tissues. Day 3 post-infiltration showed similar results, although
slightly lessened. Day 8 post-infiltration showed much less muscle degeneration,
but the degree of hemorrhage and inflammation remained similar to day 3. Day
15 post-infiltration showed a high degree of muscle degeneration. The
distribution of muscle degeneration was nearly as important as on day 1 for one
slide, but signs of regeneration were present, such as small myocytes with large
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and sometimes central nuclei(336,337), and was associated with marked
inflammation. The degree of hemorrhage was similar to day 3 and 8 for that day.
Day 30 post-infiltration had another slide with a site showing important signs of
regeneration, but very few to no inflammatory cells were seen. There was no
hemorrhage observed on that day.
Significant changes also were observed on the side of the fin where the
infiltration occurred for the fish infiltrated with saline (see Figure 28). This was
again more pronounced during the earlier days, but appeared to diminish faster
than for the fish infiltrated with lidocaine. Day 1 and day 3 post-infiltration
showed moderate muscle degeneration and inflammation; this was generally
less pronounced than in the fish infiltrated with lidocaine. There was a moderate
degree of hemorrhage for day 1 and very little to none for day 3. Day 8 postinfiltration showed little muscle degeneration and no hemorrhage and
inflammation. Slightly more inflammation was noted on day 15 post-infiltration,
but very little to no muscle degeneration and hemorrhage was observed. Day 30
post-infiltration did not show significant changes.
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Table 15. Scores for the slides used for the histological experiment
Score

Day
1
1
1
3
3
3
8
8
8
15
15
15
30

Slide
ID
A
B
C
D
E
F
G
H
I
J
K
L
M

Muscle degeneration
(%)

Hemorrhage (1-5)

Inflammation (1-5)

Lidocaine

Lidocaine

Lidocaine

Saline

Saline

Saline

85
80
5
2
4.5
1
95
20
2
0
2.5
2
50
30
3
1.5
1.5
2
40
40
2
1.5
1
1
70
10
2
1
1
1
80
20
2
0
2
1
25
10
1
0
1.5
0
75
20
2
0
4
0
5
5
3
0
1.5
0
25
0
2
0
3
0
90
0
2
0
5
2
90
15
1
0
1
1
10
5
0
0
0
0
Muscle
0
0
0
0
0
30
N
regeneration
0
0
0
0
0
0
30
O
Scores correspond to the infiltration side of the cranial section of the dorsal fin. The
muscle degeneration score corresponds to the percentage of degenerated myocytes
observed at 100x magnification. The scores for hemorrhage and inflammation
correspond to relative severity of changes based on all observed slides; 0 being
absence of changes, 1 being very minimal changes and 5 being most important
changes. A volume of 0.25 mL of solution was infiltrated for both groups. The dose of
lidocaine used was 10 mg/kg.
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Day 8

Day 15

Day 30

Figure 27. Evolution of tissues changes observed microscopically at the
site of lidocaine infiltration (10 mg/kg) over 30 days
Hematoxylin and eosin.
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Day 1

Day 3

Day 8

Day 15

Day 30

Figure 28. Evolution of tissues changes observed microscopically at the
site of saline infiltration over 30 days
Hematoxylin and eosin.
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A

B

C

D

E

Figure 29. Examples of main tissues changes observed after lidocaine
infiltration (10 mg/kg)
Hematoxylin and eosin.
A. Important muscle degeneration (Day 8)
C. Important hemorrhage (Day 1)
E. Normal tissue (Day 3)

B. Severe inflammation (Day 1)
D. Muscle regeneration (Day 30)
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CHAPTER 4: DISCUSSION

1. Model for local analgesia
The experiments outlined in this thesis are based on a new animal model
of “pain” using fish. “Pain” is in quotation marks here not because of the debate
concerning its presence in fish, but because the experiments here are testing for
the lack of sensation instead of the lack or alleviation of pain. The model is fairly
similar to models previously used in studies investigating pain and analgesics in
fish, but because local anesthetics were the drug family tested here, the goal
was different. As such, it used parameters previously used in those studies,
such as feeding, reaction to a stimulus, ventilation rate and movement. The
novel aspects of this model are the site and the stimulus used. To my
knowledge, neither has been used before. The site of the dorsal fin was chosen
because it is easy to visualize, manipulate and could support the spring or other
small mechanical objects that could potentially be used. The stimulus, the small
metal spring, is mechanical in nature. Previous stimuli have been mainly
chemical, such as bee venom and acetic acid(21), or electrical in nature. A
mechanical stimulus was chosen here because it could convey a constant
pressure, which was ideal for testing the efficacy of a local anesthetic to block
sensation to a specific region. The result of this pressure could be seen after
each trial as a mark was left on the dorsal fin where the spring was placed (see
Figure 6). Additional statistical tests done to compare the 3 groups from the
second cohort of the Side Effects experiment to their counterpart in the DoseResponse experiment appear to indicate that the spring was an adequate
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noxious stimulus (see Appendix D). It would have been difficult to achieve such
a constant stimulus with the other types of stimulus previously mentioned. The
spring causes a constant sensation that should bring something closer to
discomfort rather than pain, which is why it might not be ideal for a study
investigating pain. That said, a slight modification, such as the use of clamps or
something similar could work well for such a model.
The two novel aspects of the model, the site and stimulus, do present
some potential issues. The anatomy of the nervous system of most fish has not
been described in detail; therefore it was assumed that the dorsal fin would be
desensitized by injecting around it a volume of local anesthetic that was deemed
to be appropriate (see Appendix C for details of the experiment done to test the
volume of infiltration), but the nerves involved in its innervation and their position
are not well known. The spring could also potentially cause a problem because it
might impact the hydrodynamics of the fish. This may account for a bias
because the fish may not feel the spring on its dorsal fin because of the
lidocaine, but might still perceive a disturbance in how it swims and how the
water flows around it. This was deemed not to have a significant impact because
the spring was very small, lightweight and seemed to be well balanced on the
fin, but it is difficult to truly say it did not affect the outcome of the experiment.
The experimental tanks might also have posed a problem by adding
some stress to the fish. They showed some signs of stress while in the
experimental tanks, such as being paler and attempts to jump out. Rainbow trout
are not used to being housed individually and are normally group housed, as
they were when not being used for the trial. It should be noted that the trout
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involved in the pain-related experiments conducted by Sneddon(217,312,313)
were also housed individually. This could explain at least part of the stress.
Other causes could be the colour of the tank and its size. I did try to address the
potential colour issue by using a blue font; a colour somewhat “natural” and
similar to that of their holding tank. The size of the tank seemed appropriate, but
also needed to be limited so the fish could be properly observed and tracked
during the experiment.
The repeatability of the model was tested by the repetition of the
experiment investigating the potential side effects of lidocaine infiltration. The
results of those two repetitions were significantly different (see Side Effects of
Lidocaine infiltration section for details), which shows that repeatability can be
an issue. This is a problem for most experiments using behavior as a model,
especially where pain studies are concerned(338), and not something specific to
my model. A possible improvement would be to identify the fish and then use
them as their own control. This would increase the sample size of the control
group and potentially make it more reliable. Another possible solution would be
to always use a fish infiltrated with saline and/or a fish not infiltrated with
anything as a control to be tested in a tank beside the fish of any treatment
group to act as control. This would make comparisons easier because it would
control for any possible environmental stress that might change the fish behavior
on any particular day. Besides those suggestions, the experimental process was
standardized as much as possible and it is difficult to imagine what could be
changed in that regard.
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Other issues were mainly technical in nature and could be corrected if the
experiment was to be repeated in the future. The lighting used in the
experimental room caused a significant reflection on the surface of the
experimental tanks. This could be corrected by having a lighting source placed
under the tanks in the future. The feeders used were basic model usually used
for ponds. While they worked well to deliver food pellets on time, the number of
pellets delivered each time was not consistent. This could be corrected by using
more expensive and refined feeders. The cameras used to monitor the
ventilation rate, GoPros, tended to freeze and could only be connected to via a
proprietary Wi-Fi network, thus I had to be physically near to connect to them
remotely. Those disadvantages could be corrected by using different small “spy
cameras”, but the resolution might be a problem because it is not always easy
even with the high resolution of a GoPro to observe the ventilation rate. Lastly,
one or more of the software used to produce and analyze the video clips
appears to affect the video card of the computer and went as far as to make a
computer hard disk malfunction beyond repair. The exact cause of this bug was
not resolved.
Despite its issues, I believe this model has proven to be a useful tool for
testing local anesthetic and has good potential for general studies investigating
pain and analgesics in fish.
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2. Side effects of lidocaine infiltration
This experiment was repeated twice to test the side effects of the
infiltration of a high dose of lidocaine (20 mg/kg) in rainbow trout, thus 2 cohorts
were used. It was repeated for 3 main reasons. First, the anesthetic solution of
MS-222 was not buffered for the No Infiltration group of the first cohort, which
made the anesthetic solution acidic creating a potential stress for those fish.
Second, the No Infiltration group of the first cohort was not subjected to a
situation that was comparable to the treatment groups when out of the water.
The fish of this group were only taken out of the anesthesia tank and held on a
sponge for about 10 seconds. The fish of the other groups of the behavior
experiments were placed on the surgery table for about a minute to receive their
treatment while being ventilated by a tube in their mouth. This is another change
that diminished this group value as a control for the first cohort. Third, no
ventilation rate was recorded for the first cohort as there was no GoPro in each
trial tank at that time. The experiment was repeated to correct those problems.
Besides those changes to the experiment, there are also notable differences
between the cohorts. Both cohorts came from the same suppliers, but at
different times in the year. The second cohort was exposed to disturbances
associated with construction for about 3 months before the experiments were
conducted, while the first one was not. No experiments were done during the
construction period, but the noise and vibration that the fish were exposed to
might have been responsible for lasting stress. Lastly, the fish of the second
cohort (average weight: 125 g, average length: 23 cm) were generally bigger
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than the fish of the first cohort (average weight: 58 g, average length: 17 cm)
during the experiments.
There were many differences and similarities between the results of each
cohort. It could be argued that the results of the second cohort are more reliable
because of the improvements that were made to the experiment with this cohort;
however, the benefits of those improvements are difficult to measure and the
inherent differences between the fish of each cohort and the general variability
of behavior studies could explain the different results.
The first cohort did not show any significant differences between groups
for any parameter while the second cohort did. Both cohorts did not demonstrate
any obvious negative side effects from the lidocaine infiltration. The results of
the second cohort even showed what could be interpreted as beneficial effects
from the lidocaine infiltration. I will now go over the differences and similarities
between the results of the cohorts by going over each parameter, highlighting
the signs of beneficial effects from the lidocaine infiltration along the way.
The number of jumpers was generally lower for the first cohort than for
the second. Because the number of jumpers could be considered to be a sign of
stress in the fish, this increased number of jumpers for the second cohort could
be a sign that this cohort was generally more stressed than the first. This could
potentially be explained by the previously mentioned construction the fish of this
cohort were exposed to for a prolonged period of time. Another difference was
that the fish infiltrated with lidocaine had a significantly lower number of jumpers
than the saline group for the 1h time point. This could be a sign of a beneficial
effect from the lidocaine infiltration reducing the stress of the fish, potentially by
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numbing the sensation of the infiltration itself. It could also be a sign of sedation,
but that was not corroborated by the fact that the number of jumpers from the
Lidocaine group was roughly similar with that of the other groups for the other
time points. An important similarity between the cohorts was that they both
shared a generally low number of jumpers for the first 2 time points. This trend
was also shared by both cohorts for the feeding, as well as movement before
food presentation and total movement, and often statistically significant. The
delay for feeding was also generally much longer for the rare fish that fed at
those first 2 time points. This all seems to indicate that the fish are still
recovering from anesthesia during the first half hour of the experiment. This
result could support the often adopted practice of waiting half an hour before
initiating observations for behavioral experiments, although some information
can be lost by ignoring this first half hour(339). It is therefore useful to make
observations during this first half hour instead of completely disregarding it 5.
There were no obvious differences in the movement preceding food
presentation, but there were some for feeding as well as movement after food
presentation and total movement. All groups of the first cohort followed a similar
feeding pattern over time, while the fish of the second cohort did not. The fish
infiltrated with lidocaine tended to share a feeding pattern over time with the No
Infiltration group, while feeding generally more than the fish infiltrated with
saline. This seems to show that the lidocaine at this dose had a beneficial effect
5

The statistical tests were repeated after removal of the first 2 time points so as to assess their
effect. No significant differences were found when compared with the previous tests with the
exception of movement after food presentation for the second cohort of the Side Effects
experiment. The significantly higher movement of the fish infiltrated with lidocaine compared with
the fish infiltrated with saline was no longer present.
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of maintaining a more normal tendency to feed compared with the saline
infiltration. The fish of the Lidocaine group also showed differences from the
Saline group by having a higher movement after food presentation as well as
total movement. However, the similarities with the No Infiltration group were not
as obvious for these 2 parameters. These differences between the Lidocaine
and Saline groups also are only apparent with the second cohort.
The ventilation rate also showed a potentially beneficial effect from the
lidocaine infiltration as the ventilation rate of the fish treated with lidocaine was
generally lower than that of the other groups. This lower ventilation rate can be
interpreted as a beneficial change relative to other groups because the
ventilation of all fish was generally higher than what is considered “normal” for
rainbow trout. The literature does not contain many references to the normal
range of the ventilation rate of rainbow trout, but the information that is available
indicates a range between 50-80 opm/min(21,217,312,313,340–342). While
many factors including the size of the fish and water temperature could
potentially influence the ventilation rate, the fish from the studies on which this
normal range is based are all fairly different and some do share a similar weight
as the fish of both cohorts used for my experiments; the water temperature was
also similar for most of those experiments and otherwise slightly higher (1415°C). Based on this range, the fish had an elevated ventilation rate, which
might be explained by the stress of being isolated in the trial tank. This
explanation is not ideal however because the normal range presented was
recorded from fish placed in other trial tanks in generally similar experiments. If
we assume that the normal range presented here is correct, then the generally
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lower ventilation rate of the lidocaine group would potentially be a beneficial
effect of the lidocaine by bringing the ventilation rate closer to the normal range.
It could also be seen as potential sedation; however, as previously explained,
the results from the other parameters do not corroborate this idea.
The potentially beneficial effects of lidocaine previously outlined could be
explained by the fact that the infiltration itself is an additional stressor that the
lidocaine effectively blocks. This could explain the differences between the
Lidocaine and Saline groups. This effect is probably local, as no other signs of
general effects were seen. As previously explained, a sedation effect also
seems unlikely.

While no adverse side effects were observed during the experiments
dedicated to evaluating potential side effects, some were observed during later
experiments. The first instance of observed side effects happened as an
incidental finding during the Drug Spread experiment (see Appendix C). Two fish
were mistakenly infiltrated with non-diluted lidocaine corresponding to a dose of
nearly 180 mg/kg. One fish died in the hour following the infiltration, but the
other spent it swimming upside down while otherwise appearing healthy. This
later fish was euthanized about an hour after infiltration as per the protocol of
this experiment, and thus was not observed further. At a later date, 2 fish were
purposely infiltrated, in the similar manner as the other behavioral experiments,
with an approximate dose of 150 mg/kg to further evaluate the side effects
observed earlier during the Drug Spread experiment. Both fish survived and only
one showed marked side effects. That fish swam on its side or back for more
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than an hour after infiltration, then it recovered completely. It was always mobile
while it was affected and its respiration appeared normal. Another case was
observed during the Dose-Response Curve experiment with a fish that was
supposed to receive a dose of 60 mg/kg. This fish was very small and received
instead a dose of approximately 120 mg/kg. It took a slightly longer time to
recover from anesthesia than some other fish (about 3 min), then swam
normally for 35 min before laying on its side with minimal swimming movements
for about 1h before fully recovering. Besides death, the main side effect of
lidocaine infiltration at very high doses thus appears to be loss of equilibrium.
This is probably caused by an effect on the CNS instead of a local effect as the
movement of fish in the region infiltrated did not seem affected in any of the
described cases.
Rainbow trout have thus been shown to have a higher resistance to
lidocaine’s side effects than most mammals as some of them were minimally
affected at doses 50-60 times higher than the usual therapeutic dose of 2 mg/kg.
Fish have a very different physiology than mammals and one or more of those
differences probably explain this resistance. A probable explanation is the lower
body temperature of trout. Drug effects are often affected by temperature and
higher concentrations are often needed at lower temperature to obtain a clinical
effect. This was shown in fish in regards to some anesthetics, including local
anesthetics, when used as bath treatment(343–345); no information could be
found for an anesthetic or analgesic drug used as an infiltrate. Drug effects are
often slowed by lower temperatures; however, the side effects observed here
were seen very quickly after lidocaine infiltration. Other factors could thus
122

potentially be involved and further studies would be needed to properly evaluate
the pharmacological properties of lidocaine in rainbow trout.

2.1 Potential caveats of the side effect experiments
Besides the differences between the cohorts, there were other potential
caveats that might have affected the results of the experiments. First, for both
cohorts, the fish of the No Infiltration group were put back in their original holding
tank after undergoing the experiment. This was done in an effort to reduce the
number of animals used, but because the fish were not identified, they could
have been reused again for the No Infiltration group and they have been reused
at some point for either the Saline or Lidocaine group. I made sure no fish could
have possibly been reused for the No Infiltration group the very next day
following an experiment. This reuse of fish could have caused a bias if there was
a habituation effect to the anesthesia or to the general fact of being in the trial
tank; such effects were not investigated, although studies investigating repeated
anesthesia with MS-222 did not report side effects or habituation(346).
Second, the fact that an average weight was used to produce the
lidocaine solution used to infiltrate the fish of both cohorts created additional
variability. This was done to mimic field condition where most fish weight would
be estimated instead being actually known prior to the use of the local
anesthetic. The dose range for both cohorts ended being rather wide, with the
second cohort receiving a generally higher dose than the first. It should be noted
however that dose was not found to be a significant covariate.
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Third, as previously mentioned, the feeders used did not deliver a precise
amount of pellets every time. I had to adjust the opening of the each feeder by
partly obstructing them with paper. This was initially done in an effort to deliver a
very small number of pellets in order not to satiate the fish during the
experiment. However, the feeders sometimes did not deliver any pellets, thus
the openings were adjusted over time to let more pellets fall out. The number of
pellets that were delivered at any time point is very difficult to estimate from the
video clips. This was partly corrected by weighing the feeders before and after
the experiment every day so an average of pellets delivered could be calculated.
This practice was not done for the first cohort, but only started with the second
cohort. Fish did not generally appear satiated despite the increased number of
pellets, but it is very difficult to properly appraise the value of this assessment.
Fourth, a fish was considered to have fed only if it did so during the 1
minute interval following food presentation. While most fish seemed to feed fairly
quickly after food presentation, it is clear that some fish could have fed later
between time points. This was not evaluated however because looking at each
4h long video clip to try and find when the fish did feed would have been quite
difficult and time consuming. The 1 minute interval chosen to analyze the
feeding and movement-related parameters was also arbitrary. It was initially 2
minutes, but this was changed to 1 minute because it was thought that the data
recorded in a 2 minutes interval could be “diluted” by the longer interval and thus
some effects might be missed. Changing the duration of this interval would also
certainly have changed some results.
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Fifth, the delay for feeding parameter had a sample size problem because
some fish often did not feed at certain time points. This made it so that for a
specific group, the sample size of delay for feeding data could be as low as 1
and as high as 15 (the maximum number of fish per group), but often much less
than 15 as food consumption tend to be relatively low. This reduced sample size
made it difficult to analyze these data statistically. However, the delay for
feeding was usually very low for most fish during the experiments.
Sixth, interpretation of the movement data was done only by looking at
the distance moved which left out some more subtle elements of the animal
behavior. For example, most fish had limited movement until the food was
delivered and then they would dart a few times to catch the food pellets while
some fish would start swimming excessively all over the tank after the food was
delivered. It would seem that the former reaction is more “normal” and that the
others could be indicative of stress. However, looking only at the distance they
moved does not tell us about those different types of reactions as it is quite
possible that both fish could have moved a similar distance. This example
shows the extreme reactions to illustrate the challenges involved in forming an
objective assessment of what is “normal” and what is not. A wide range of
reactions was often observed, from no movement at all to what seemed like
excessive movement and an objective threshold to differentiate between them
proved too difficult to create. The compromise of looking at the number of
jumpers was made to partly assess the stress of the fish to help interpret the
movement parameters. The movement following food presentation was also
tested as a proportion of total movement to counter some of the difficulties
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previously outlined. By doing so, the fish’s general movement is taken into
account, thus the fish’s reaction to food stands out and can be better interpreted.
Despite those attempts at solving these problems, it must be kept in mind that
more information could potentially be gathered from the complex behavior of the
fish in these experiments. Another potential parameter that could be helpful is
the vertical position of the fish in the water column. This parameter is
increasingly used to assess anxiety in studies using zebrafish(347) but it would
require a very different set-up including a deeper tank and an additional camera
for each tank to monitor the movement of the fish in 3D.
Seventh, the ventilation rate given in opm/min was estimated by counting
the number of opercular movements in intervals of 10s, 15s, 20s or 30s, and this
number was then multiplied to arrive at an estimate count for a complete minute.
This is the standard method used by clinicians in the medical field, yet it creates
variability. For example, a fish observed to have 15 opercular movements in 10
seconds would have a ventilation rate of 90 opm/min while the same fish
observed to have 20 opercular movements in 15 seconds would have a
ventilation rate of 80 opm/min. This creates a sometimes important margin of
error. It would have been ideal to count for a whole minute at each time point,
but it was particularly challenging to record a clip that long where the opercular
movements could be properly observed, which is why the estimation technique
was used.
Eighth, the 4h duration of the experiment was based on the usual
duration of effect of lidocaine in mammals (see Table 3). As previously
discussed, fish’s physiology is different from mammals, thus it is likely that the
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duration of effect of lidocaine might differ in fish. However, the experiment’s
duration was not extended for technical and practical reasons. The technical
issues mostly concerned the camera’s battery life. The main camera’s battery
life was limited to 5h and a half at the video quality used and even lower at
higher quality. The GoPro cameras had a very limited battery life and had to be
turned on only when used during the experiment, yet the Wi-Fi function had to
be kept on so they could be accessed remotely. This alone drained the battery
to the extent that it would not last much more than 4h. Battery life could
potentially have been extended for the main camera, but it would have been
difficult for the GoPro cameras. The main practical issue is that the room where
the experiments took place was shared with another investigator. No one was
allowed in the room while the experiment was ongoing, thus a longer experiment
would have made it even more difficult for the other investigator to have access
to his animals. Furthermore, lidocaine infiltration would be mostly useful if its
effect happened quickly so it could improve fish welfare during a surgery that
would happen shortly after the lidocaine was administered. Therefore, if an
onset of more than 4h was missed during this experiment, this information would
not have proven very practical. However, it would have been useful to know of
side effects potentially taking place later than 4h after infiltration. The side
effects that were observed happened fairly quickly after the infiltration, thus it is
possible that no such late side effects were missed.
Lastly, the second cohort was affected by 2 potential problems that the
first was not. The GoPro camera placed in each trial tank was placed right
before the experiment every day, yet the fish were always transferred to the trial
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tanks the previous evening so they could habituate overnight. Placing the GoPro
in the tank right before the experiment might have added some stress to the fish
as it introduced a novel object to them. This was necessary as the GoPro
needed to be fully recharged every day before the experiments. The fish of each
group were exposed to the newly placed GoPro in the same way, thus
somewhat controlling for the effect it might have had. The main camera used to
record the video clips was also placed before the experiment, but usually early
in the morning so the fish would have approximately 2h to acclimate to it. This
camera was also placed much higher, so it might not have been perceived by
the fish as much as the GoPro, which was attached to the wall of the trial tank.
Another potential problem faced by the second cohort was anal lesions of an
unknown but seemingly infectious nature. Those lesions were not always
present and usually small when present, but some fish showed more severe
lesions and had to be excluded from the results. It is possible that even the
smaller lesions or some unseen problem(s) associated with the lesion might
have influenced the result of the experiments.

3. Dose-response curve of lidocaine infiltration
This experiment was conducted to discover if one or more lidocaine
doses tested were effective at blocking sensations of the dorsal fin where a
small metal spring was placed. An effective dose would be one which showed
both a dose and infiltration effect, which is a significant effect when compared
with the infiltration of a “dose 0” represented here by saline and also to no
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infiltration at all. While this experiment is called “Dose-Response Curve”, an
actual dose-response curve could not be performed to compare the dose groups
because there was no single parameter that could be used consistently to
evaluate the effect of the lidocaine infiltration. It was also very difficult to judge
the importance of any parameter compared with another to assess the general
efficacy of lidocaine. Instead, the results of all parameters evaluated for a
particular dose group were interpreted as a whole and a conclusion of general
efficacy was thus made for each group while taking into account the results of
the other groups. This section contains the interpretation of each group made in
this manner.
The No Infiltration group was the group formed of fish that were not
infiltrated but still had the metal spring placed on the dorsal fin. This group
represented how fish would normally react to this unusual stimulus and was
used as a control to see if there was an infiltration effect. Signs of stress were
expected with this group because it was assumed that fish would not react well
to having an unexpected source of pressure on their dorsal fin. Those expected
signs of stress included: elevated ventilation rate, high number of jumpers, high
movement (general unrest) or very low movement (immobility due to stress), low
food consumption and high delay for food consumption. As explained in the first
chapter (see Debate on the presence of pain in fish section), no clear behavioral
signs of stress or nociception are agreed upon for fish, therefore all of those
expected signs are based on personal observation of the fish during the
experiments. Unfortunately, most of those signs were not seen with this group
and the results of most parameters did not show a significant difference with the
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infiltration groups, as will be explained later in further detail while describing
each group. Only movement before food presentation and total movement
showed potential signs of unrest because they were generally higher than most
other groups. Otherwise, ventilation rate was not generally higher than most
other groups, food consumption was rather high and the other parameters were
unremarkable.
The Saline group was formed of fish infiltrated with saline instead of
lidocaine. It was used as the “dose 0” control group, so the lidocaine groups
could be compared with it to test for significant dose effect. This group also was
expected to show signs of stress for the same reasons as the No Infiltration
group in addition to the infiltration itself, which was considered to be an
additional stressor. The fish of this group did show a general pattern consistent
with some of the expected signs of stress. The ventilation rate was the highest
of all groups, the number of jumpers was also generally higher than other
groups, feeding was generally lower and the delay for food consumption higher.
However, all movement parameters for this group did not show any obvious
signs of stress and there was no significant difference between this group and
the others for those parameters.
The Lidocaine 2 group was formed of fish infiltrated with an aimed dose
of 2 mg/kg. This dose was chosen because it is the one that is most often used
in other species(133). This group only showed a dose effect for 2 parameters:
ventilation rate and delay for food consumption. There was no infiltration effect
for those parameters. The ventilation rate of this group was generally close to
that of the No Infiltration and Lidocaine 20 group, and lower than the Saline
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group. It should be noted that all of the lidocaine groups showed a dose effect
for the ventilation rate parameter, thus the Lidocaine 2 group does not stand out
with this parameter. The delay for food consumption of this group was generally
low, another common factor between the lidocaine groups. This group had the
highest proportion of jumpers of all lidocaine groups, suggesting a higher level of
stress. The low number of parameters where this group was shown to have a
dose effect combined with the lack of infiltration effect in addition to the
indication of higher stress suggests that the 2 mg/kg dose of lidocaine might not
be sufficiently high to be effective as a local anesthetic. No lower dose was
tested because this low dose did not seem to be effective for rainbow trout.
The Lidocaine 6 group was formed of fish infiltrated with an aimed dose
of 6 mg/kg. It was chosen as a midpoint between the 2 mg/kg and 20 mg/kg
doses. It should be noted that the fish of this group were previously infiltrated
with either lidocaine or saline as they were used for the Lidocaine 20 or Saline
groups; they were also the last group tested. They were given a minimum of 45
days to recuperate before being used again for the Lidocaine 6 group. This
group showed a dose effect for 3 parameters: ventilation rate, jumpers and
delay for food consumption. However, there was only an infiltration effect for the
ventilation rate parameter. The ventilation rate of this group was the second
lowest of all the groups, second only to the Lidocaine 60 group. This low
ventilation rate is difficult to explain and does not follow any obvious pattern
when looking at the results from the Lidocaine 2 and Lidocaine 20 groups. This
ventilation rate was similar to that of the Lidocaine 60 group; however the fish of
the Lidocaine 60 group showed signs of sedation and received a dose 10 times
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higher than the Lidocaine 6, thus making an explanation based on dose alone
unlikely. It is possible that the fact that the fish had previously been infiltrated
had an unforeseen effect. The Lidocaine 6 group did not show obvious signs of
stress because it had a low proportion of jumpers. The delay for food
consumption also was generally low. Overall, the low number of parameters
where this group was shown to have a dose effect combined with only the
ventilation rate showing an infiltration effect by being inexplicably low would lead
to conclude that the 6 mg/kg dose of lidocaine might also not be effective as a
local anesthetic for rainbow trout. However, the lack of the apparent signs of
stress showed by the fish 2 mg/kg is an improvement over this lower dose.
The Lidocaine 20 group was formed of fish infiltrated with an aimed dose
of 20 mg/kg. This was the dose previously chosen as the high dose for the side
effect experiment where it showed some potentially beneficial effects. This
group showed a dose effect for nearly all parameters: ventilation rate, jumpers,
movement before food presentation, feeding rate and total movement. However,
an infiltration effect was shown only for total movement. The beneficial effects
seen in the side effects experiment were observed again here as the ventilation
rate and proportion of jumpers was significantly lower than the Saline group. It
should be noted that the ventilation rate of this group was similar to that of the
group infiltrated with the 2 mg/kg dose, which I concluded was not effective. The
proportion of jumpers of the Lidocaine 20 group was generally lower than this
later group indicating a lower stress level in the Lidocaine 20 group. The
generally high feeding rate can also be interpreted as a sign of low stress.
Despite those signs of the potential efficacy of lidocaine at 20 mg/kg, only the
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total movement of the fish of that group showed a marked difference from fish
that had not received any infiltration. Besides disproving potential sedation at
this high dose, it is difficult to tell more from this parameter. Overall, the 20
mg/kg dose showed the most potential benefits, but it remains difficult to
conclude that it is truly effective as a local anesthetic for rainbow trout
considering that it only shows an infiltration effect for 1 out 7 parameters
evaluated in my study.
The Lidocaine 60 group was formed of fish infiltrated with an aimed dose
of 60 mg/kg. This dose was chosen as the high dose to further widen the range
of doses tested. This group showed a dose effect for 4 parameters: ventilation
rate, jumpers, recovery time and delay for food consumption. However, an
infiltration effect was shown for ventilation rate, jumpers and recovery time, but
not for delay for food consumption. This group showed general signs of
sedation, likely reflectingthe very high dose of 60 mg/kg. This is supported by
the fact that this was the only group that showed a significantly longer recovery
time compared with any other group. Additionally, the ventilation rate of those
fish was the lowest, as was the proportion of jumpers which was nearly
nonexistent. The generally low movement before food presentation also
supports this idea of sedation. However, the feeding rate was only lower than
that of the group infiltrated with 20 mg/kg and the delay for food consumption as
well as feeding rate were similar to the other lidocaine groups that did not
appear to be sedated. In relation to this, the movement following food
presentation was generally higher with the Lidocaine 60 group. This feeding rate
and movement following food presentation seems to indicate that while the fish
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are sedated, their reaction to food was not significantly impaired. Overall, the 60
mg/kg dose showed signs of sedation indicating that it is probably too high to be
an optimal dose as a local anesthetic for rainbow trout.

3.1 Potential caveats of the dose-response curve experiment

Many of the caveats discussed in the Side Effects experiment section
also apply to the Dose-Response Curve experiment because both experiments
share the same basic principles. Therefore, those caveats will not be repeated
here and only those that are specific to this experiment will be discussed.
First, during this experiment, the fish of the No Infiltration group were
reused as previously described but fish having been previously infiltrated were
also reused for the Lidocaine 6 group. This was done because no unused fish
were available and it was believed preferable for consistency to keep using the
fish of the same cohort instead of bringing in new animals from a different
cohort. The histopathological experiment also suggested that after 30 days, the
lesion caused by an infiltration would be mostly, but not completely, healed.
Based on this, the fish used for the Lidocaine 6 group would have had ample
time to heal as they had had between 45 and 75 days to recover from their
previous infiltration. The fish had previously been infiltrated with either saline or
the 20 mg/kg dose of lidocaine. Because the fish were not marked with anything,
it was impossible to tell which infiltration the fish had previously received. This
and the fact that this group was the only one made of fish that were previously
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infiltrated diminished the comparability of this group with the others. While
reusing animals is encouraged from an animal welfare point of view, the results
from this group highlight the potential problem of reusing animals during a
pharmacological study.
Second, because this experiment lasted longer than previous ones, the
fish grew significantly over time. Therefore, the fish from the No Infiltration
group, the first group tested, where generally smaller than those of the last
group tested the Lidocaine 6 group. This was also true for comparisons between
other groups. While no obvious effect caused by this change in size was seen
during the statistical tests, there could have been some. For example, the
increase in size could potentially reduce the propensity of the fish to move in the
tank or change its appetite. Another potential problem is linked to the
desensitization of the dorsal fin. The volume of lidocaine infiltrated was
maintained at 0.25 mL on each side of the dorsal fin. This might not have been
sufficient to completely desensitize the dorsal fin of the bigger fish. The Drug
Spread experiment (see Appendix C) seemed to indicate that the drug spread
enough in both directions to cover the area of the dorsal fin. A discoloration
(deep blue colour) caused by the infiltration was also often seen during and right
after the experiment that appeared to cover the region needed. That said, it
should be kept in mind that precise innervation of the dorsal fin of the rainbow
trout is not known, thus it can’t be said for certain that the nerves responsible for
the innervation of the dorsal fin were reached every time.
Third, anal lesions similar to those seen in the Side Effects experiment
were also seen with this cohort and seemed to be greater in numbers and
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severity. Most of them were very small, but some were more severe and the fish
had to be euthanized and thus were not used for the experiment. Fish with
smaller lesions were still used for the experiment and this might have had a bias
on the results, as an additional source of stress for example.
Fourth, having a dose that was as close as the aimed one for each group
was especially important for this experiment. This is why the weight of the fish
was frequently estimated before they were infiltrated for this experiment. This
seems to have been successful as the dose infiltrated were generally quite close
to the aimed dose. Therefore, it is less likely that the use of an estimated weight
to establish the lidocaine dose to be infiltrated was a bias for this experiment.
Fifth, some parameters showed a significant effect for individual fish. This
means that certain fish had results that were consistently standing out in a
certain way; for example, a fish that did not feed for any time point. Some
outliers were also detected during statistical analysis for most parameters. Using
the results of those potentially “outlier” individuals could diminish the validity of
the statistical test. However, not using certain results because they were
arbitrarily determined to be abnormal could also create a bias by ignoring
potentially useful information. It was difficult to assess which behavior was
normal and which was not; therefore most of those potential outliers were not
excluded from analysis with the intent of considering every potential behavior.
Sixth, the infiltration of lidocaine was done only a few seconds before the
spring was placed. This method did not respect the onset of lidocaine, which is
approximately 2-5 minutes in humans(348), because it was deemed unlikely that
fish users would wait that time before surgical procedures in the field; shorter
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anesthesia time being generally optimal for the fish and practical for the user.
This could have created a bias as the fish could have felt the spring before the
dorsal fin was potentially desensitized. However, this bia would have been
minimal if the onset of lidocaine is similar in fish and mammals as the drug
would have had its effects before most fish recovered from anesthesia.
Lastly, the ventilation rate was a parameter that showed promise during
the Side Effects experiment, yet its usefulness is questionable in the DoseResponse experiment. All lidocaine groups had ventilation rates that were
significantly lower than the fish infiltrated with saline, thus all lidocaine groups
showed a dose effect for this parameter. Similar dose effects were not seen for
many other parameters, thus looking only at the ventilation rate could be
misleading while evaluating the effects of lidocaine infiltration. Furthermore,
there was no clear pattern indicating the effect of the dose. The ventilation rate
of the group infiltrated with the highest dose was the lowest, which seems logical
considering I have concluded that the fish were overly sedated at his dose.
Following this train of thought, it would seem logical to see the ventilation rate
decrease as the lidocaine doses increase. This is not the case, as the 2 mg/kg
and the 20 mg/kg doses show generally similar ventilation rate and the 6 mg/kg
dose shows lower ventilation mirroring the 60 mg/kg dose. The results from the
6 mg/kg dose might somehow result from the previous infiltration those fish
received, but this would still not account for the lack of difference between the 2
mg/kg and 20 mg/kg doses. Those odd results should be taken into account
while weighing the importance of the ventilation rate in this experiment and in
future experiments.
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4. Histopathology
This experiment was conducted to evaluate the potential lesions and
tissue healing associated with lidocaine infiltration over 30 days and compare
them with an infiltration of a similar volume of saline. A dose of 10 mg/kg was
used for this experiment as this corresponded to the dose used for the Side
Effect experiment (20 mg/kg) when infiltrated only on one side of the dorsal fin;
the non-infiltrated side was used as a control. Even though 3 sections of the
area surrounding the dorsal fin were taken, the cranial end, the middle and the
base of the fin, only the cranial section was carefully analyzed because the
majority of the others did not show observable changes. This is difficult to
explain because the solutions were infiltrated in those areas as the needle was
pulled back. It makes sense that the cranial section showed more changes
because this is where the solutions were first injected, thus the pressure must
have been the highest at this point and more solution might be concentrated
there. There should still logically be changes in the other sections, especially
with lidocaine because local anesthetic solutions are often acidic and are known
to cause some damage to tissues(144). This was, however, often not the case.
Despites those difficulties, the experiment did show that the infiltration of
a dose of 10 mg/kg affects the tissues more than the infiltration of saline for the
first 15 days, as the presence of hemorrhage, inflammation and muscle
degeneration was more pronounced for the fish infiltrated with lidocaine for this
period. This difference was not seen for day 30 post-infiltration as the lesions
were either mostly, as shown by signs of regeneration and the lack of
inflammation, or completely healed by that time for both solutions.
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The changes observed were consistent with known process of muscle
regeneration(337). The usual process of muscle regeneration is initiated by
muscle damage. This is followed by removal of the damaged cells by
inflammatory cells and the creation of new blood vessels to supply the damaged
area. Satellite cells are then activated which leads to the proliferation of
myoblasts enabling the regeneration of new myocytes. This general process
could be observed over the different time points at which the samples were
taken; from the initial damage and inflammation, to the absence of inflammation
and presence of growing myocytes at 30 days post-infiltration.
The intensity of inflammation was linked to the number of damaged
myocytes. This should be kept in mind when comparing different time points as
the severity of inflammation seen at a later time point might be caused by an
initially important degree of muscle degeneration. As no fish could be sampled
more than once, it is impossible to assess the initial degree of muscle
degeneration. As such, a fish with severe inflammation at day 15 post-infiltration
might have an observed severity greater than that seen for a fish at day 1 postinfiltration only because the initial degree of muscle degeneration was higher for
the former than the latter. It should also be noted that zebrafish have proven to
be a useful model of muscle regeneration, especially cardiac muscle(349–351),
however salmonids have not been widely used for such research(352).
Therefore, information about muscle healing in salmonids to compare with my
results was not found.
To conclude, it might be appropriate to generally not infiltrate fish at the
same site without letting them heal for at least 30 days and probably more, no
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matter the solution used. It is also good to keep in mind that local anesthetics as
well as other solutions can be damaging to tissues when infiltrated, especially in
the first 2 weeks.

5. Comparison with current literature
Mammals are usually the point of reference in my thesis because local
anesthetics have not been studied extensively in other groups of animals. As
shown in the introduction, I found some references regarding the use of local
anesthetics in amphibians and reptiles.
As previously mentioned, only 2 experimental studies on the use of local
anesthetics for local anesthesia in fish were found(209–211). The first one by
Chervova used a different local anesthetic, procaine, but reported that their
application of the drug fully blocked nociceptive responses. She does not give
details about how the efficacy of procaine was assessed, no specific dose is
given, and she did not report the timing of the tests relative to the administration.
The second study by Mettam et al. did attempt to assess the efficacy of
lidocaine. They recommend the use of lidocaine at a dose of 9 mg/kg based on
their results. As previously mentioned, their interpretations do not appear to be
supported by their results. Their experiment shared certain similarities with mine:
they used rainbow trout, one of the doses they used was 18 mg/kg (relatively
similar to the 20 mg/kg dose used here), and they evaluated ventilation rate as
well as movement and delay to food consumption. Besides the main difference
of their conclusions, other major differences included: they used a different site
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of injection (the lips), they did not evaluate parameters in the first half hour
following treatment and stopped evaluating the fish at 3h post-treatment, and
their sample size was very small (n=5). Their results generally differ from mine
and are often not significantly different from the control fish they injected with
saline only. No other experiments evaluating local anesthetics in fish were
found.
My experiments confirmed some of the results of those two studies. The
lack of side effects of lidocaine at doses under 20 mg/kg reported by Mettam et
al. was confirmed by my experiments. However, I was able to show some side
effects at higher doses. I also noted potentially beneficial effects of lidocaine at a
dose of 20 mg/kg, such as lower ventilation rate, higher rate of food
consumption and higher movement following food presentation. The article by
Mettam et al. mentioned that lidocaine at doses of approximately 9 mg/kg and
18 mg/kg had beneficial effects, although those were difficult to see from their
results. I was unable to confirm the lack of sensation resulting from appropriate
local anesthetic use reported by Chervova as this parameter was not directly
tested. My results also do not allow me to recommend an ideal dose of lidocaine
for infiltration, although 20 mg/kg appears to be the dose showing the most
beneficial effects. Nonetheless, my experiments increased our knowledge of
local anesthetics use in fish as I studied the potential lesions they can cause in
skeletal muscle tissues and I tested a wider range of doses than previous
studies. I also introduced a new model to assess the efficacy of local anesthetics
and potentially analgesics.
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A large number of studies were found where local anesthetics were used
in reptiles, some using lidocaine. When lidocaine was used, the dose was either
in dose range for mammal (1-2 mg/kg) or slightly higher (4-5 mg/kg). The use of
lidocaine was often reported as being beneficial, although the actual efficacy of
the drug was rarely assessed. Very little could be found regarding local
anesthetic use in amphibians, but the doses used were usually similar to the
ones used in mammals. According to my results, fish seem to respond
differently than those groups of animals in that they appear to require a much
higher dose of lidocaine for it to be efficacious.

Very little could be found in the literature concerning skeletal muscle
healing in fish. As previously mentioned, cardiac muscles are usually the ones
studied in fish. However, one study(324) was found evaluating the healing of
skeletal muscles in rainbow trout. This study showed that muscles had not
regenerated a year after damage, but remained fibrotic instead. However, the
conditions of the study were very different from mine. The damage sustained by
the fish was done by using deep excisional biopsy punch, something
significantly more severe than the infiltration of a solution. The fish were also
kept at a lower temperature (8.5°C instead of 11°C). Another study evaluated
wound healing in rainbow trout(353). In this study, a ventral incision was made
using a scalpel and then sutured, and tissues were evaluated over a period of 5
weeks. Tissues were shown to have fully healed within 42 days. This result is
similar to what I found in the Histological experiment although the wound is
rather different than the one caused by the infiltration of a drug. Thus no
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adequate study was found to compare the results from the Histopathological
experiment.
In humans, it was reported that striated muscle tissue regeneration takes
place in the 4-6 weeks following the administration of local anesthetics(177).
Destruction of muscle tissue was reported to take place mainly in the first 48h. A
variety of changes were seen during that period, ranging from “fiber vacuolation
and myocyte edema up to a total disintegration of intracellular structures and
myonecrosis”(177). After this initial period, phagocytes were observed removing
the damaged cells as previously described. The initiation of phagocytosis was
slightly faster in my study as phagocytes were observed as early as 24h postinfiltration of lidocaine, yet the healing process duration appeared to be similar
between fish and mammals. Experiments in humans have also demonstrated
that the infiltration of saline caused only minimal changes(177), as I observed
here in rainbow trout.

6. Conclusion and future directions
My study introduced a new model to test local anesthetics and potentially
analgesics on fish. While this model could be refined, it shows potential as
indicated by the results of the Side Effects experiment. This experiment was
successful as it showed that a dose of lidocaine 10 times higher than that
normally used in mammals did not show any obvious adverse side effects in
rainbow trout. The histopathological experiment also showed that despite initial
damage, the tissues where the equivalent of 20 mg/kg dose of lidocaine was
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infiltrated healed after 30 days. This dose even showed some potentially
beneficial effects. This was in part supported by the Dose-Response Curve
experiment in which this dose showed the most promise. The Dose-Response
Curve experiment was not as successful as the Side Effects experiment as no
clear dose truly stood out as having an effect that was both different from the
infiltration of saline and no infiltration at all. This experiment did narrow the
potentially useful dose range though, as the 2 mg/kg dose appeared to be too
low and the 60 mg/kg dose appeared too high to be effective. Conclusions about
the 6 mg/kg dose were more difficult to reach, which might be explained by the
fact that, unlike other groups, the fish of this group had been previously used for
an infiltration of either saline or lidocaine. Refinements to the model, such as an
improvement of the environment in which the fish are kept as well as the
addition of more parameters to evaluate, especially some that could nuance the
analyzed movement of the fish, could make it a very useful tool for future studies
that could improve fish welfare. If refined and proven useful with further
experiments, this model could then be used to test the effectiveness of other
drugs in other species of fish often used for invasive procedures.
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Glossary

Angling: the activity or sport of fishing for pleasure
Anthropomorphism: the attribution of human characteristics or behavior to a
god, animal, or object
Anthropocentrism: when it inappropriately considers human beings to be the
most important species in nature and hence uses human traits as the reference
point against which non-human experiences are measured
Critical anthropomorphism: statements about animal joy and suffering, hunger
and stress, images and friendships, are based on careful knowledge of the
species and the individual, careful observation, behavioral and neuroscience
research, our own empathy and intuition, and constantly refined publically
verifiable predictions
Distress: aversive state in which an animal is unable to adapt completely to
stressors and the resulting stress and engages in maladaptive behaviors
Idiopathic: of unknown cause
Myocyte: muscle cell. The striated cells of skeletal muscle are referred to as
muscle fibers because they are multinucleate.
Myotome: a group of muscles innervated from a single spinal nerve.
Neuraxial anesthesia: a type of regional anesthesia that involves injection of
anesthetic medication in the fatty tissue that surrounds the nerve roots as they
exist the spine (also known as an epidural) or into the cerebrospinal fluid which
surrounds the spinal cord (also known as a spinal).
Pain (IASP): an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage
pKa: the pKa of a local anesthetic molecule represents the pH at which 50% of
the molecules exist in the lipid-soluble tertiary form and 50% in the quaternary,
water-soluble form
Potency: measure of drug activity expressed in terms of the amount required to
produce an effect of given intensity
Stress: to subject to physical or mental discomfort
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Suffering: highly unpleasant emotional response usually associated with pain or
distress
Visceral: of or relating to the viscera.
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APPENDICES

APPENDIX A: Measures used to infer pain in studies claiming evidence for
fish pain
Table from Rose et al. 2014
Table 1. Measures used to infer pain in studies claiming evidence for fish pain

Measures
used to infer
pain

Noxious
experimenta
l
manipulatio
n

Inference
concerning
measure(s)

Species

References

Voltage
necessary to
produce
agitated
swimming
response

Electric
shock and
opioid system
manipulation
s

Threshold
level of pain

Goldfish
(Carassius
auratus)

Ehrensinget al.
(1982)

Tail flick
response to
electric
shock of
caudal fin

Electric
shock of
caudal fin

Painful
stimulus

Common carp
(Cyprinus carpio)

Chervova and
Lapshin (2011)

Behavior that
is ‘more than
a simple
reflex’

Acetic acid or
bee venom
injections in
jaws

Behavior
reflects pain

Rainbow trout
(Oncorhynchus
mykiss)

Sneddonet al.
(2003a)

Acetic acid

Behaviors

Rainbow trout

Sneddonet al.

Respiratory
rate
‘Rubbing’
‘Rocking’
Latency to
feed

Behavior that
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is ‘more than
a simple
reflex’

injections in
jaws,
morphine
injection

reflect pain
or fear

(Oncorhynchus
mykiss)

(2003b)

Acetic acid
injections in
jaws,
morphine
injection

Behaviors
reflect pain,
morphine
reduced
‘pain-related
behaviors’

Rainbow trout
(Oncorhynchus
mykiss)

Sneddon
(2003b)

Shock
avoidance,
‘not purely a
reflex action’

Electric
shock

Electric
shock ‘might
lead to an
increase in
fear’, ‘if fear
is
considered
an
emotion…th
e possibility
of fish
perceiving
pain must be
considered.’

GoldfishCarassiu
s auratus)
Rainbow trout
(Oncorhynchus
mykiss)

Dunlop et al.
(2006)

Number of
feeding
attempts and
time spent in

Electric
shock

If a fish is
willing to
change this
reflex

Goldfish
(Carassius
auratus)

Millsopp and
Laming (2008)

Respiratory
rate
‘Rubbing’
‘Rocking’
Response to
novel object

Behavior that
is ‘more than
a simple
reflex’?
Respiratory
rate
‘Rubbing’
‘Rocking’
Latency to
feed
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the
feeding/shoc
k zone vs.
shock
intensity and
vs. food
deprivation

Ventilation
rate

response to
a noxious
stimulus, as
shown here,
it is possible
that there is
some sort of
conscious
decision
making
taking place.

Acetic acid
injections into
jaws

Response to
potentially
painful
stimulation

Common carp
(Cyprinus carpio)
Zebrafish (Danio
reriro)
Rainbow trout
(Oncorhynchus
mykiss)

Reilly et al.
(2008a)

Acetic acid
injections into
jaws

Reactivity to
a ‘painful
stimulus’
modified use
of cover and
response to
‘predator
cue’
providing
evidence for
central
processing
of pain
rather than a
‘nociceptive
reflex’

Rainbow trout
(Oncorhynchus
mykiss)

Ashley et al.
(2009)

Heat applied
to trunk

Goldfish
perceived
heat as
noxious

Goldfish
(Carassius
auratus)

Nordgreenet al
. (2009a)

Swim rate
‘Rocking’
‘Rubbing’
‘Use of
cover’
Term
nociception
used

Exploration
of novel
environment
Use of
‘cover’
Response to
alarm
pheromone

Escape
response to
heat applied
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to trunk
Elevation of
heat escape
threshold by
morphine
Hovering in
lower half of
home tank
after testing

Swimming

Caudal fin
clip

Differential
response to
fin clip
shows this is
a ‘painful
procedure’

Common carp
(Cyprinus carpio)
Nile tilapia
(Oreochromis
niloticus)

Roques et al.
(2010)

Acetic acid
injections into
jaws

Behaviors
reflect pain

Rainbow trout
(Oncorhynchus
mykiss)

Mettam et al.
(2011)

Preference
for darker
part of tank
(Tilapia only)

Ventilation
rate
Activity
change
Resumption
of feeding

Injection of
lidocaine or
analgesic
drugs

APPENDIX B: Possible measurable indices of fish welfare proposed by
Huntingford et al.
From Huntingford et al. 2006
Table III. Possible easily-measured indices of welfare and examples of their use. We list only
those based on direct observations of fish rather than the systems in which they are held
Possible index

Examples

Changes in colour

Stress-induced changes in skin or eye colour
(which have a
complex neural and hormonal background) have
been
reported in a number of fish species, including
ornamental
species (Etscheidt & Manz, 1992) and so could be
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Possible index

Examples

a sign of
exposure to adverse events, e.g. eye colour as an
index of social
stress/subordinate status in salmonids
(O’Connor et al., 2000;
Sutor & Huntingford, 2002).

Changes in ventilation
rate

A high oxygen demand is reflected by rapid
irrigation of the
gills. The rate of opercular beats is therefore
increased by
stress and can be counted automatically or by eye.
This,
together with a visual assessment of gill status, is
used as a
sign of incipient problems in ornamental fish
(Etscheidt &
Manz, 1992) and ventilation rate has been used to
monitor
exposure to pollutants (Handy & Depledge, 1999).

Changes in swimming
and other behaviour
patterns

Fish may respond to unfavourable conditions by
changing
swimming speed and space use (Morton,
1990; Etscheidt & Manz,
1992; Kristiansen et al., 2004). Abnormal
swimming has been
used as a sign of poor welfare in farmed fish
(Holm et al., 1998).
Behavioural responses to adverse conditions (or
lack of
responsiveness to specific stimuli) are signs of
both general and
specific trouble (Morton, 1990). These include
excessive activity or
immobility (Etscheidt & Manz, 1992), body
positions that protect
injured fins, escape attempts and rubbing to
dislodge ectoparasites
(Furevik et al., 1993).

Reduced food intake

There are many reasons why a fish might not eat,
but the
fact that feeding is suppressed by acute and
chronic stress
means that an unexpected loss of appetite is a sign
of
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potentially impaired welfare.

Loss of condition

Fish change shape and/or lose weight for many
reasons, but
because reduced feeding and mobilization of
reserves are
secondary stress responses, where fish are
regularly weighed
and measured, or where body shape can be
assessed by eye
(for example by the visibility of the vertebrae,
Escheidt & Manz,
1992) loss of condition can indicate possibly
impaired welfare.

Slow growth

Growth rates in fish are flexible and naturally
variable, but
provided we have an estimate of expected growth
prolonged
low rates of growth may be indicative of chronic
stress. Thus
where fish are regularly weighed or where size can
be assessed
by eye (or by underwater camera) slow growth can
be used as
a possible sign of trouble.

Morphological
abnormalities

Because adverse conditions can interfere with
normal
development, the occurrence of morphological
abnormalities
can be used as an indicator of poor larval rearing
conditions
(Boglione et al., 2001;Cahu et al., 2003),
although whether
this represents problem for welfare depends on the
degree of
sentience of the larvae concerned.

Injury, including
fin damage

Injury may be a direct consequence of an adverse
event, in
which case, a high frequency of such injuries is a
sign of poor
welfare. For example, dorsal fin injury in salmonids
is often
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caused by attacks from conspecifics (Turnbull et
al., 1998) and
scales that are dislodged with blood visible rather
than lying
flat, are a sign of poor welfare in ornamental fish
(Etscheidt &
Manz, 1992). In addition, because immune
responses can be
suppressed by cortisol, slow recovery from injury
(or a high
incidence of injury) may be a sign of generally poor
conditions.
As well as acute damage, healed injuries may
result in
long-term abnormalities (e.g. in salmon healed fin
injuries may
cause permanently short fins) that potentially
compromise
performance and welfare.

Disease states

Since the causes of most aquatic diseases are
complex and
dependent on environmental conditions, the
presence of
disease can indicate an underlying problem with
the
environment or management. Increased incidence
of disease in
any population of fish should be treated as a
warning that
there may be other underlying problems. However,
interpreting the welfare implications of an observed
disease
requires a detailed understanding of the natural
history of the
disease. In some cases, diseases are not
sufficiently well
understood to interpret their implications for
welfare. Even
records of treatment can be difficult to interpret
since they
may either indicate that the owner is responding
appropriately
to disease outbreaks or the fish are being exposed
to a
predictable endemic disease.

Reduced reproductive

For many farmed species, reproduction is
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performance

prevented or avoided
in growing stock. Where this is not the case, for
example, in
broodstock or in ornamental fish, because chronic
stress
impairs reproductive function, failure of adult fish to
breed or
to display normal patterns of reproductive
development when
feed, light and temperature regimes are
appropriate is a
possible sign of poor welfare.
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APPENDIX C: Drug spread experiment
A brief experiment was done to assess how different volumes of the drug
spread in the tissues after infiltration to determine which volume of infiltration to
use for the main experiments. 6 fish were infiltrated with different solutions in the
same manner previously described for the other experiments and left swimming
in the trial tanks before being euthanized for necropsy approximately an hour
post-infiltration. 2 fish were injected with 0.5 mL of non-diluted lidocaine on the
right side of their dorsal fin and with 1 mL of saline on the left side of their dorsal
fin. Both solutions contained 0.1 mL of a dye, methylene blue, so that the spread
of the infiltration could be visible during necropsy. One fish was infiltrated with
0.5 mL of dyed lidocaine (solution corresponding to the 20 mg/kg dose) on both
sides of the dorsal fin while another received the same amount of dyed lidocaine
on the right side of the dorsal fin and 0.5 mL of non-dyed saline on the left side.
Another fish was infiltrated with 0.25 mL of dyed lidocaine (solution
corresponding to the 20 mg/kg dose) on the right side of the dorsal fin and 0.25
mL of non-dyed saline on the left side while one last fish only received the same
amount of dyed lidocaine on the right side. Drug spread was evaluated
subjectively by observation during gross necropsy.
This experiment showed that drug spread was quite variable, but seemed
to go much beyond the site of infiltration, both cranially and caudally. No obvious
difference could be seen between saline and lidocaine. The solution infiltrated
did not appear to cross the midline of the fish, thus staying on the side of the
dorsal fin where it was injected. If the infiltration was subcutaneous (SC), it
appeared to spread farther and barely go into the muscles while solutions
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injected intramuscularly (IM) remained relatively more localized and remained
mostly in the muscle where they were injected.
The volume of 0.25 mL was found to be sufficient to cover the area
around the dorsal fin. It was also deemed that IM injection were better than SC
ones. It cannot be known for sure if what was observed was the spread of the
saline or the lidocaine injected or only the dye because it is not known how well
these solutions mix and interact in the tissues.

At a later time, one fish was infiltrated with 0.25 mL of non-diluted barium
sulfate on each of its dorsal fin and radiographs were taken to further evaluate
the potential spread of the drug (see Figure 30 and Figure 31). The results of
this experiment showed that the barium appeared to cover the majority of the
area surrounding the dorsal fin. It should be noted that barium is thicker than the
lidocaine and saline solution normally used during the experiments, so it is quite
possible that its spread was different than those solutions. Thus, the spread of
the barium might be diminished by this increased viscosity relative to the
solution used in the experiments.
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Figure 30. Radiographs of dorso-ventral (left) and lateral (right) views after
barium infiltration on the right side of the dorsal fin
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Figure 31. Radiographs of dorso-ventral (left) and lateral (right) views after
barium infiltration on the right side and left side of the dorsal fin
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APPENDIX D: Metal spring as a noxious stimulus
Statistical tests similar to the ones used during the behavioral
experiments were conducted to compare the 3 groups from the second cohort of
the Side Effects experiment to their counterparts in the Dose-Response
experiment. This was done to assess if the metal spring was an adequate
noxious stimulus by investigating if a significant difference could be seen
between fish exposed to or not exposed to the metal spring in similar conditions.
The fish of the No Infiltration group that was not exposed to the metal spring
(from the second cohort of the Side Effects experiment) was compared to the
fish of the No Infiltration group that was exposed to the metal spring (from the
Dose-Response experiment), and the same was done for the fish of the
respective Saline and Lidocaine 20 grouops. They were compared using the
following parameters: ventilation rate, jumpers, movement before food
presentation, food consumption, movement after food presentation and total
movement. Recovery time and delay to food consumption were not used as they
appeared to be the least useful parameters in previous experiments. Only
differences between groups were of interest.
Some clear pattern could be observed suggesting that the metal spring
was indeed an adequate noxious stimulus (see Table 16, Table 17 and Table 18
for summary of results); this was especially true for the movement related
parameters (see Figure 32, Figure 33, Figure 34 and Figure 35 for an example).
The movement before food presentation was significantly higher for the fish of
all 3 groups exposed to the spring compared with their counterparts that were
not exposed to the spring. This pattern and significance was observed for total
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movement as well. This could be a sign of stress as the fish were generally
more agitated because of the spring. Movement following food presentation was
proportionally lower compared with before food presentation. This was only
significant for the fish of the No Infiltration and Lidocaine 20 groups. This would
support the idea of the fish being more agitated by the spring as this shows that
the fish exposed to it did not respond as much to food presentation as those that
were not. Ventilation rate also supported this as it was generally higher for the
fish exposed to the spring. This was not significant for the No Infiltration groups,
but it was significant for the others. The proportion of fish trying to jump out of
the trial tank did not show any clear pattern for all groups. However, the fish of
the Saline group exposed to the spring jumped significantly more than their
counterparts that had not been exposed to it; this would indicate higher stress
associated with the presence of the spring. Food consumption also did not show
a clear pattern, although the fish of the Lidocaine 20 group exposed to the
spring fed significantly less than their counterparts that had not been exposed to
it; this also would indicate higher stress associated with the presence of the
spring.
The results of the comparisons discussed here also show that the
infiltration of lidocaine at a dose of 20 mg/kg does not appear to be sufficient to
desensitize the area of the dorsal fin as there were several significant
differences between the fish exposed to the spring and the fish that were not. If
the lidocaine had adequately desensitized the area of infiltration, such significant
differences should not have been observed. It is possible that those differences
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are caused by factors other than the presence of the spring, such as the
inherent differences of fish of each cohort, but this seems unlikely.

199

Table 16. Summary of results from the statistical tests comparing the No
Infiltration groups from the side effects and dose-response experiments
Parameters
Independent of
food
presentation
Ventilation rate
Jumpers
Movement prefeed
Associated with
food
presentation
Food consumption
Movement postfeed
Total movement
(pre+post-feed)

Treatment

Time

Interaction

F1,28=0.88;
p=0.350
2
X =2.27; p=0.132
F1,28=44.3;
p<0.000

F3,73=2.42;
p=0.073
2
X =2.02; p=0.569
F5.140=5.96;
p<0.000

F3,73=0.59;
p=0.623
F5,140=2.6;
p=0.028

X2=16.51;
p=0.006
F5.140=0.49;
p=0.780
F5.140=6.49;
p<0.000

X2=0; p=0.963
F1,28=6.85;
p=0.014
F1,28=32.88;
p<0.000

F5,140=0.51;
p=0.766
F5,140=3.6;
p=0.004

This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.
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Figure 32. Distance moved before food presentation: Effect of spring on No
Infiltration groups
* Statistically different from fish who were not exposed to the spring
Fish that were not exposed to the metal spring (fish of the second cohort of the Side
Effects experiment: “Without spring”) are compared to the fish exposed to the metal
spring (fish of the Dose-Response Curve experiment: “With spring”)
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Table 17. Summary of results from the statistical tests comparing the
Saline groups from the side effects and dose-response experiments
Parameters
Independent of
food
presentation
Ventilation rate
Jumpers

Treatment

Time

Interaction

F1,28=22.64;
p<0.000

F3,78=5.22;
p<0.000

F1,28=7.64;
p=0.010

F3,78=3.48;
p=0.020
X2=12.40;
p=0.006
F5.140=1.68;
p=0.143

X2=0; p=1
F1,28=0.58;
p=0.451
F1,28=7.12;
p=0.013

X2=3.38; p=0.641
F5.140=0.55;
p=0.737
F5.140=2.83;
p=0.018

F5,140=0.98;
p=0.431
F5,140=2.58;
p=0.029

X2=5.39; p=0.020

Movement prefeed
Associated with
food
presentation
Food consumption
Movement postfeed
Total movement
(pre+post-feed)

F5,140=2.1;
p=0.069

This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.
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Figure 33. Distance moved before food presentation: Effect of spring on
Saline groups
* Statistically different from fish who were not exposed to the spring
Fish that were not exposed to the metal spring (fish of the second cohort of the Side
Effects experiment: “Without spring”) are compared to the fish exposed to the metal
spring (fish of the Dose-Response Curve experiment: “With spring”)
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Table 18. Summary of results from the statistical tests comparing the
Lidocaine 20 groups from the side effects and dose-response experiments
Parameters
Independent of
food
presentation
Ventilation rate
Jumpers

Treatment

Time

Interaction

F1,28=78.01;
p<0.000

F3,74=0.8; p=0.498

F3,74=0.34; p=0.8

F1,28=28.31;
p<0.000

X2=15.95;
p=0.001
F5.140=3.07;
p=0.012

F5,140=6.82;
p<0.000

X2=5.1; p=0.024
F1,28=23.13;
p<0.000
F1,28=8.64;
p=0.007

X2=6.99; p=0.222
F5.140=1.7;
p=0.138
F5.140=4.12;
p=0.002

F5,140=0.39;
p=0.858
F5,140=7.89;
p<0.000

X2=0.17; p=0.677

Movement prefeed
Associated with
food
presentation
Food consumption
Movement postfeed
Total movement
(pre+post-feed)

-

This table shows the results of the statistical tests for each parameter evaluated. The
results of the effect of treatment, time and the interaction between these factors are
presented. Statistically significant results have been showed in bold.
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Figure 34. Distance moved before food presentation: Effect of spring on
Lidocaine groups
* Statistically different from fish who were not exposed to the spring
Fish that were not exposed to the metal spring (fish of the second cohort of the Side
Effects experiment: “Without spring”) are compared to the fish exposed to the metal
spring (fish of the Dose-Response Curve experiment: “With spring”)
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Figure 35. Average distance moved before food presentation: Effect of
spring on all groups
* Statistically different from fish who were not exposed to the spring
Fish that were not exposed to the metal spring (fish of the second cohort of the Side
Effects experiment: “Without spring”) are compared to the fish exposed to the metal
spring (fish of the Dose-Response Curve experiment: “With spring”). Here the
separation by time points is not made and the results are presented as an average of
the results of all time points for a group of fish.
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