The Veterinary Journal 232 (2018) 70-77

journal homepage: www.elsevier.com/locate/tvjl

Contents lists available at ScienceDirect

The Veterinary Journal

Review

Rodent analgesia: Assessment and therapeutics L))

Paul Flecknell

Institute of Neuroscience, Newcastle University, Newcastle upon Tyne NE24HH, UK

Check for
updates

ARTICLE INFO ABSTRACT

Keywords: Current use of analgesics to control procedure-related pain in laboratory rodents is unacceptably low.
Analgesia Almost all currently available analgesics were developed in small rodents, prior to use in man, so that
Guinea pig safety and efficacy data in laboratory assays are available. Greater use of analgesics would be encouraged
2’;’;‘“ by critical evaluation of the potential interactions of these compounds with the outcomes of specific
Rat research studies. As in other species, effective post-procedural analgesia requires reliable ‘cage-side’
methods of assessing pain. Recent advances in pain assessment should lead to both more extensive and

more effective use of analgesics in these species.
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Introduction reviewing all of the therapeutic options, should almost invariably

Rodents are the most widely used species in biomedical
research, and it is estimated that approximately 4.6 million of
these animals will experience procedure-related pain, which could
be avoided by implementation of effective analgesia. Regrettably,
the use of analgesics in laboratory rodents appears low, with
various literature-based surveys suggesting that less than 25% of
rodents receive specific analgesic treatment after surgical proce-
dures (Stokes et al., 2009). This is somewhat surprising, since all of
the analgesics currently available for medical and veterinary
medical use were developed and assessed for safety and efficacy in
rodents.

Responses from research workers indicated a number of
reasons for this underuse of analgesics in laboratory animals:
concern at the clinical side-effects of analgesics, concern that
analgesic use could confound the results from their study, and an
apparent uncertainty as to when and how to administer analgesics
(Richardson and Flecknell, 2005). Issues related to side-effects of
analgesics are relatively easily dealt with, and will be discussed in
more detail later. Potential confounding effects on data is a
legitimate concern. The justification for use of laboratory animals
generally adopts a utilitarian approach. The harms caused to
animals used in research need to be outweighed by the benefits to
humans and other animals for the research to be permitted. If
reducing the harms (in this case procedure related pain) prevents
delivery of the benefits, then analgesic use would not be
appropriate. However, careful consideration of the magnitude of
the potential effects of analgesics on research outputs, and
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enable use of some measures to prevent or alleviate pain (Percie du
Sert et al., 2017).

A much more significant problem is the difficulty of assessing
pain in laboratory animals. This is, of course, a problem in all
species of animals, in all areas of animal use by society. However,
since rodents are used to study pain and nociceptive mechanisms,
methods of pain assessment should be better developed in these
species than in companion, farm, zoo or wild animals. Until
relatively recently this was not the case, but we now have a range
of approaches that are leading to major improvements in the
management of pain.

The reason that pain assessment is central to the issue of
providing pain relief is worth restating here. If we cannot identify
the presence of pain, or its intensity, then we will not know when
to give analgesics, nor what type of analgesic might be needed. We
also will not be able to determine that the analgesics given have
been effective, nor when to administer additional doses, nor when
to stop treatment. The pitfalls of administering ‘standard’ doses of
analgesics without proper pain assessment (Utting and Smith,
1979) were well recognized as contributing to the poor manage-
ment of pain in people in the 1970s and 80s. The intensity of pain
perceived after apparently identical surgical procedures varies in
different individuals (Fillingim, 2005), and this variation also
occurs in animals. In rodents, the genetics of this variation in both
nociceptive thresholds, analgesic efficacy, and pain expression,
have been extensively evaluated (Elmer et al., 1998; Mogil et al.,
1999). It is reasonable to assume that similar variation occurs in all
species, so the only means of effectively managing pain is to assess
it accurately, so that appropriate treatment can be started, and the
efficacy of that treatment assessed.
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Pain assessment in rodents

Pain in humans is recognized to be a complex, multidimen-
sional sensory and emotional experience. Although the nature of
pain in animals almost certainly varies between species (Sneddon
et al,, 2014), methods of assessment should enable both the
sensory and emotional components of pain to be identified. Newer
techniques that attempt to assess the emotional component of
pain in animals have been used in developing novel compounds
intended for pain management in people. The drive to develop
these methods arose from dissatisfaction with older techniques
used in laboratory species which relied primarily on assessment of
nociceptive thresholds. Neither of these approaches are suitable
for ‘cage-side’ evaluation of animals that have undergone
potentially painful procedures as part of other (non-pain research
related) projects. However, they are of value in determining
potentially effective dose rates of analgesic agents.

Nociceptive testing

Most laboratory based assessment techniques only evaluate the
sensory component of pain, and many evaluate only nociceptive
mechanisms (Mogil, 2009). Typical assessments apply a noxious
stimulus and observe the animals’ response, for example local
heating in the Tail flick test, or when using the Hargreave’s
apparatus (Le Bars et al.,, 2001; Barrot, 2012). Other tests use
different modalities of noxious stimulus (e.g. mechanical stimuli,
cold, electric shock and chemical irritants). Assessments of the
changes in sensory thresholds, for example after tissue injury, are
also made, with response to light touch and other normally non-
noxious stimuli being used to assess allodynia and hyperalgesia
(Zahn and Brennan, 1999). These assays have been valuable in the
study of mechanisms of nociception, and the modulation of
sensory pathways, but analgesic doses effective in these systems
cannot always be extrapolated to different clinical situations.
However in some species, with some analgesics, this is the only
data available (e.g. Collier et al., 1961)

The limitations of simple nociceptive assays has been recog-
nized by research workers seeking to develop novel analgesics,
particularly those investigating neuropathic pain (Rice et al,
2008). In an effort to evaluate responses that require central
processing of pain, a variety of approaches have been developed.

Conditioned place preference and conditioned place avoidance

In humans, pain is aversive and unpleasant, and we assume this
is also the case in animals. It follows, then, that alleviation of pain
should be rewarding. This has been tested using conditioned place
preference. This approach uses an apparatus consisting of two
chambers which differ in visual and other sensory cues. For
example one chamber might have a grid floor and striped walls, the
other a solid floor and uniformly coloured walls. A treatment
considered likely to induce pain, based on experience in people, is
applied, for example induction of inflammation in a paw. The
animal is then confined in one chamber, and given either saline or
an analgesic. This is repeated, with the treatment and chamber
being switched. The animal therefore associates one chamber with
receiving pain relief, and one chamber with experiencing pain.
After these training sessions, the animal is given a free choice and
the time spent in each chamber is assessed. If relief from pain is
rewarding, then the animal should choose to spend more time in
the analgesic-paired chamber. In the first study to assess this
(Sufka, 1994), inflammatory pain was induced and morphine
administered as the analgesic. Appropriate controls for any
reinforcing effects of morphine were included, and the design
balanced for inherent preferences for one of the chambers over the

other. Animals spent significantly more time in the analgesic
paired chamber, supporting the hypothesis that reduction of pain
was rewarding.

Conditioned place aversion studies take a similar approach, but
one chamber is associated with a pain state, and the other with
being pain-free. It is assumed that if pain is aversive, then animals
will subsequently choose to spend more time in the chamber
associated with a pain free state. This has been demonstrated in a
number of studies, but more significantly, some research groups
have compared normal animals with animals with deliberate
lesions of the anterior cingulate cortex (Johansen et al., 2001), a
brain area associated with the emotional component of pain in
humans. Pain was induced by repeated injections of formalin into a
footpad, a procedure that induces a short (20-30 min) period of
pain. Lesioned animals developed significantly less conditioned
place aversion, supporting the hypothesis that it is the emotional
component of pain that is responsible for the learned avoidance in
these types of assessment.

Subsequent studies have applied these approaches to examine
the responses to different types of pain (for example neuropathic
pain; Qu et al., 2011), and different analgesic agents. Dose rates
established in these types of assessment are more likely to reflect
clinically effective doses.

Digging tests, nest building

Other approaches to assessing more complex responses to pain
have searched for parallels with human behaviours. People in
chronic pain tend to show a variety of changes to their lifestyle,
with a reduction, for example, in housekeeping, sociability etc. If
pain disrupts these highly motivated and complex behaviours in
man, then it is possible that similar effects may be seen in animals.
Two behaviours have been evaluated in detail — digging and nest
building. These are two highly motivated behaviours in most
strains of rats and mice. Rats experiencing either neuropathic or
inflammatory pain have been shown to reduce their digging
behavior (Andrews et al., 2012) and this can be reversed by
analgesic agents. This approach to assessing analgesic efficacy has
now undergone a multicenter validation, and is likely to become
widely used for assessment of novel analgesics (Wodarski et al.,
2016). Burrowing behavior can also be used as a measure of pain in
mice (Jirkof, 2014), although it was initially established as a general
measure of well-being (Deacon, 2012).

Studies of disruption of nest building in mice experiencing pain
have produced varying results. One of the first studies showed
significant deterioration in the quality of nest building following
surgery, which could be prevented by analgesic administration
(Arras et al.,, 2007), but subsequent results were less clear cut
(Jirkofet al.,2013; Negus et al., 2015). Alternative measures, such as
the time taken to incorporate new material into an existing nest
(‘time to integrate to nest’), or the time taken to begin using new
nesting material have also been used as metrics (Rock et al., 2014;
Hager et al., 2015).

Since other causes of distress or ill-health can alter both nest
building and digging behavior, care must be taken when using
these measures as the sole indicator of pain, or of analgesic efficacy.

Operant testing

Operant testing of pain and nociception involves the animal
making a learned response to avoid a potential noxious stimulus,
or to gain access to a reward. A variety of approaches have been
developed, some of which clearly require complex central
processing of the task involved. One more recently developed
assay, the operant orofacial pain assay (Neubert et al., 2008)
appears to predict likely clinically effective dose rates of analgesics
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(Ramirez et al., 2015). The apparatus used requires the rodent to
poke its nose between metal bars, in order to obtain a preferred
food reward. The bars can be heated, so that a noxious stimulus is
applied to the nose. The animal then balances its desire for the
reward against the aversive stimulus of the heat. Administering an
analgesic increases the time spent obtaining the reward. In order to
prevent tissue damage caused by repeated exposure to noxious
heat, the animals’ skin is sensitized with capsaicin, so that non-
damaging lower temperatures can be used.

Cage-side assessments

The approaches described above are primarily useful when
evaluating the nature of pain and analgesic efficacy, but are
impracticable for routine use as measures of pain following a range
of different types of research procedures. The exception may be
nest building and burrowing, that could be integrated into more
general assessments of animal welfare, but require background
control data in the different strains of rodent and different
environmental conditions used in research facilities.

Attempts to develop ‘cage-side’ pain assessment systems have
adopted a number of different approaches. Some groups have
assessed changes to normally exhibited behaviours, either alone or
combined with changes in appearance thought to reflect pain (e.g.
piloerection) (Oliver et al., 2017). Others have aimed to identify
abnormal behaviours, that are only exhibited by animals that
receive no pain relief (Roughan and Flecknell, 2004; Wright-
Williams et al.,, 2013; Ellen et al., 2016). The hypothesis in both
approaches is that analgesic administration should reverse the
changes seen. Since these studies have generally assessed animals
following surgical procedures, they should provide guidance as to
clinically effective dose rates

As with all of the other approaches to pain assessment, and to
assessments of analgesic efficacy, it is important that studies
incorporate all appropriate control treatments. If this is not the
case, then non-specific effects of analgesics or anaesthetics can
alter the interpretation of study outcomes. The need for
appropriate controls may also require use of a negative control
group comprising animals that undergo a surgical procedure, for
example, but receive no pain relief. This raises significant ethical
concerns, but given the major gaps in our ability to assess and
manage pain effectively in laboratory animals, such an approach
can be justified. The degree and duration of pain should, of course,
be the minimum required to obtain the data needed. The study
design should also include use of intervention analgesia and
withdrawal of animals from study if pain intensity is judged too
great.

Many of the assessments used are either subjective, or likely to
be sensitive to bias in scoring, so that good experimental design
with blinding, randomization and inclusion of all relevant controls
is particularly important (Kilkenny et al., 2010).

In mice, rats and guinea pigs, several behaviours that are
associated with abdominal pain have been identified (Roughan and
Flecknell, 2003; Wright-Williams et al., 2013; Ellen et al., 2016) and
shown to be responsive to a number of different classes of
analgesic. In rats, the simple metric of assessing food and water
intake and consequent bodyweight changes has also been shown
to be useful (Liles and Flecknell, 1994), however since this is a
retrospective measure, it does not allow additional pain relief to be
given to the animals being assessed.

Grimace scales
A number of facial expressions that appear to be associated pain

have been identified (Langford et al., 2010). Changes in facial
expression have been used to assess pain in humans for decades

and a pain scale for infants using facial expression has been widely
used (Grunau and Craig, 1990). Following the demonstration that
mice have clearly identifiable changes in facial expression
associated with different pain states, similar changes have been
identified in a number of other species (Descovich et al., 2017). All
species studied to date show some similar changes to their facial
expressions, including contraction of the muscles around the eyes,
producing a partial closure of the eye, together with changes in ear
position, and the contour of the facial muscles. The changes in each
individual component of the grimace score is rated on a numerical
scale (usually 0, 1 or 2) and the sum of these scores comprises the
“Grimace score”. Increases in grimace scores following surgery,
and the reversal of this increase by analgesic therapy have been
demonstrated in rats and mice (Sotocinal et al., 2011; Leach et al,,
2012; Matsumiya et al., 2012; Waite et al., 2015; Thomas et al.,
2016).

The attraction of grimace scores is that they may be both an
easier, more rapid assessment to make, and one which makes use
of our tendency as humans to pay attention to faces (Leach et al.,
2011). Changes in Grimace Scores may also occur following a range
of different types and location of painful stimuli, whereas some of
the other behavioural measures are only applicable following
particular types of surgery (e.g., abdominal, Wright-Willams et al.,
2007; orthopaedic, Foley, 2011).

Although Grimace Scoring is a potentially valuable means of
scoring pain, we still lack a great deal of information about the
triggers for grimacing in animals. Typical ‘pain faces’ can be
detected during aggressive encounters in rats, before any injuries
have occurred (Defensor et al., 2012). Sedation has been shown to
be a potential confounding effect, and baseline Grimace scores, and
scores in response to painful stimuli vary between different strains
of mice (Miller and Leach, 2015a, 2015b; Miller et al., 2016).

Practical application of scoring systems

There is, as yet, no reference standard pain assessment scheme
for rodents. Using a combination of methods to assess the behavior
and appearance of animals, and their responses to analgesics, is
most likely to be successful. Although many clinical observations,
such as general activity, coat condition, eye colour and appearance
etc are not specific signs of pain, it is useful to include them in any
assessment as they indicate the animal’s general welfare state
following a potentially painful procedure such as surgery (Morton
and Griffiths, 1985; Graf et al., 2016). Detecting these signs may
trigger therapeutic actions, such as administration of fluids, soaked
diet, and additional bedding, as well as considering the adequacy of
pain relief. More specific signs of pain, such as behavioural changes
and grimace scores can then be used to evaluate the need for
additional analgesia.

Making these assessments requires at least 5-10min per
animal, and assessments may need to be repeated at least every 2—
3h if effective pain relief is to be achieved. This creates major
resourcing issues, especially since rodent surgical procedures are
often conducted on groups of 6-10 or more animals. The ideal
solution, shown to be effective in people, is to allocate additional
resources to pain management, although this may not be possible
in all research facilities. Since research procedures are often
conducted by the same personnel, on the same age, sex and strain
of animal, individual variation in pain sensation and responses to
analgesics should be relatively small. If an initial group of animals
are assessed frequently, using detailed evaluations, and an
apparently effective analgesic regimen established, then this
regimen can be used with greater confidence in subsequent
groups. Since procedures may change over time, repeating the
more detailed assessments at intervals will enable further
adjustments to the analgesic regimen to be made. It should be
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recognized that this pragmatic approach is not ideal, because of the
individual variation in pain intensity and analgesic requirements,
but it is likely to represent a major improvement to current
practice.

Therapeutics

As in all species, any analgesic regimen for rodents must be
integrated with other general measures of care. For example, when
managing post-surgical pain, the anaesthetic regimen, intra-
operative care and pre- and post-operative management can all
impact on the efficacy of pain assessment and pain management.
For example, pain assessment may be difficult to undertake if
recovery from anaesthesia is prolonged because of the choice of
anaesthetic agents and the presence of hypothermia or other intra
or post-operative complications. In addition, stress and fear may
increase the degree of pain perceived by an animal.

There is still uncertainty about the efficacy of many analgesic
agents, and particularly about their duration of action. However,
likely effective dose rates can be suggested (Table 1) for a range of
different agents. As in other species, it is probable that multimodal
and preventive analgesia will be more effective than use of a single
agent post-procedure. However, direct assessment of use of these
regimens in post-surgical and other acute pain is lacking in
rodents.

A major concern associated with the use of analgesics in
laboratory animals is the potential interactions of these agents
with research results. There are clearly situations where this can be
demonstrated, for example administration of opioids changes
infarct size in models of Stroke in rats (Ferland et al., 2007), and
administration of opioids changes the degree of injury caused by
coronary artery ligation (Ter Horst et al., 2017). In some cases,
however, the potential effects are over-stated, and are based on
studies in which analgesics were administered at relatively high
dose rates, for prolonged periods. The judgements to be made are

Table 1

often complex, for example non-steroidal anti-inflammatory drugs
(NSAIDs) can interact with bone healing but their effects in animal
models can be contradictory (Pountos et al, 2012). When
administered in lower doses, for shorter periods, they may have
fewer direct effects, and promote earlier weight bearing in rodent
models of fracture healing. Earlier weight bearing can, of course,
influence bone healing. Unalleviated pain can reduce general
activity, which can alter body temperature, which affects many
metabolic processes, including wound healing. Pain can also
prolong the catabolic state induced by surgery. To address these
complex issues, careful consideration of all of these factors is
required (Peterson et al., 2017), and this is often beyond the scope
of individual research groups, veterinarians or ethics committees.
The approach that can offer the greatest contribution to this area is
the establishment of expert working groups, involving scientists
actively working in the specific field of research, together with
those with expertise in laboratory animal care and welfare. Such
groups have already published constructive recommendations in
some areas of research (Hawkins et al., 2015; Lidster et al., 2016;
Percie du Sert et al., 2017), and it is to be hoped that other scientific
disciplines adopt similar approaches.

If potential interactions between analgesics and research
outcomes are a concern, this can be addressed by careful selection
of the analgesic regimen, administration of analgesics only for the
period required to provide pain relief, and titration of the dose used
to be the lowest needed for effective pain relief.

Specific agents — NSAIDs

It is likely that all of the agents currently available for use in
people and in companion and farm animals can be used safely in
laboratory rodents, and dose rates effective in arthritis models are
often available. Data on the use of NSAIDs for acute post-operative
pain are available for a restricted range of agents, including
meloxicam, carprofen and ketoprofen. There appears to be some

Analgesic dose rates for rats, mice and guinea pigs. Note that considerable strain and sex variation is likely; the frequency of dosing, and dose rates, should be adjusted based

on assessment of the intensity of pain.

Guinea pig

Comments

0.05 mg/kg SC

4mg/kg SC (with

Rat: laparotomy and behavioural assessment (Roughan and Flecknell,
2004), Rat Grimace Scale, orofacial operant assay (Taylor et al., 2016);
mouse: post-vasectomy, behavioural measures (Wright-Williams et al.,
2013), post-laparotomy, Mouse Grimace Score (Matsumiya et al., 2012);
guinea pig: not adequately evaluated, based on clinical assessment

0.3-0.48 mg/kg SC* Rat: orthopaedic surgery (Foley et al., 2011), incisional model (Chum et al.,

2014); mouse: laparotomy with multiple measures of efficacy (Kendall
et al.,, 2016), guinea pig: paw withdrawal and pk (Smith et al., 2016),
laparotomy, multiple measures (Oliver et al., 2017)

Rat: laparotomy, behavioural measures (Roughan and Flecknell, 2004),

buprenorphine slow mouse: post-laparotomy, Mouse Grimace Score (Matsumiya et al., 2012),

Analgesic agent Rat Mouse
Buprenorphine 0.03-0.05 mg/kg SC  0.1-0.2 mg/kg SC
0.5-0.6 mg/kg
orally

Buprenorphine SR 1.2 mg/kg SC 0.6 mg/kg SC

(current US slow

release formulation)
Carprofen 5mg/kg SC 20 mg/kg SC°
Ketoprofen 5mg/kg SC 20 mg/kg SC°
Meloxicam 1 mg/kg SC 5-20 mg/kg SC”
Morphine 2-5mg/kg SC 1-5mg/kg SC
Tramadol 20-40 mg/kg orally 80 mg/kg SC ¢

5mg/kg SC

release)
c

0.2 mg/kg

5mg/kg SC

guinea pig: laparotomy, multiple measures (Oliver et al., 2017)

Rat: laparotomy, behavioural measures (Roughan and Flecknell, 2004),
mouse: post-laparotomy, Mouse Grimace Score (Matsumiya et al., 2012),
guinea pig: no data
Rat: post-laparotomy, behavioural measures (Roughan and Flecknell,
2003), mouse: post-vasectomy, behavioural measures (Wright-Willams
et al.,, 2007), guinea pig: orchidectomy, in combination with bupivacaine
(Ellen et al., 2016)

Rat: incisional model (Zahn et al., 1997), laparotomy and other assays, RGS
(Sotocinal et al., 2011), mouse: reversal of acid induced nestbuilding
suppression (Negus et al., 2015); guinea pig: antinociceptive test (Collier
et al.,, 1961)

Rat: orofacial operant assay (Taylor et al., 2016), urethral calculi,
behavioural measures (Affaitati et al., 2002); mouse: effective in post-
laparotomy model only at dose rates close to toxic doses (Wolfe et al., 2015),
guinea pig: no data

2 Multi-modal analgesia with carprofen 4 mg/kg is more effective.
b Note these doses are close to, or exceed, the ulcerogenic dose.
¢ No data located.
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marked species variation in the efficacy of NSAIDs, with very high
dose rates being required in mice (20 mg/kg) in comparison with
rats (1 mg/kg) for post-operative analgesia (Wright-Willams et al.,
2007; Matsumiya et al., 2012; Miller and Roughan, 2012; Roughan
et al, 2016).

Some NSAIDs have been associated with undesirable side
effects. Although ketoprofen has been shown to be effective in rats
(Roughan and Flecknell, 2001), it has been reported to cause
gastrointestinal ulceration (Lamon et al.,, 2008; Shientag et al.,
2012). There are anecdotal reports of toxicity of carprofen and
meloxicam, but such reports are uncommon and the relatively
short treatment period required for post-operative pain manage-
ment is unlikely to result in undesirable side-effects. Dosing
recommendations for carprofen and meloxicam are usually once
daily, but this is based on relatively limited data, and twice daily
administration may be required in mice (Engelhardt et al., 1996;
Busch et al., 1998; Chen et al., 2016). In the guinea pig, meloxicam
combined with local anaesthetic block at the surgical site provided
effective pain relief (Ellen et al., 2016). The oral formulation of
meloxicam is easy to administer to rats, mice, guinea pigs and
other rodents.

Acetaminophen (paracetamol)

When assessed using a nociceptive model in mice, both direct
analgesic effects of paracetamol and synergism with NSAIDs could
be demonstrated (Miranda et al., 2006). However results when
using this agent for post-surgical pain relief have been disappoint-
ing (Roughan, personal communication; Dickinson et al., 2009;
Matsumiya et al., 2012). Although combinations of acetaminophen
with NSAIDs or weak opioids may be more effective, few controlled
studies have been undertaken to assess their efficacy for
postoperative pain. Acetaminophen is availabile in a palatable
solution and so is convenient for administration to rodents
(Fleischmann et al., 2017), but until more conclusive demonstra-
tions of efficacy are available, is probably better to use other
analgesics.

Opioids

Opioids are the most widely used agents for provision of post-
operative analgesia in laboratory rodents, with buprenorphine
being the most commonly selected agent (Stokes et al., 2009). This
is almost certainly because of the longer duration of action of this
agent, which is dose dependent (Roughan and Flecknell, 2002),
with higher dose rates providing a longer effect. When adminis-
tered at the most commonly recommended dose rates (as in
Table 1), the duration of action may range from 4 to 8 h, depending
upon the species and the individual (Gades et al., 2000; Jirkof et al.,
2014; Sauer et al., 2016).

Slow release formulations of buprenorphine are available and
these provide sustained plasma concentrations of buprenorphine
for 3 days (Foley, 2011; DiVincenti et al., 2016; Kendall et al., 2016).
The slow release formulation may be particularly valuable when
prolonged durations of analgesia are required. Repeated dosing
with standard preparations of buprenorphine for several days at
high dose rates has been associated with detrimental effects such
as reduced appetite and weight loss (Gillingham et al., 2001), but
his does not seem to occur with slow-release formulations (Jirkof
et al., 2014). This may be because plasma concentrations of
buprenorphine are more stable after use of the slow-release
formulation, in contrast to the repeated peaks and troughs
associated with intermittent dosing. Pharmacokinetic data is
available in rats and mice, and of analgesic efficacy in various
models (Clark et al., 2014; Jirkof et al., 2014; Kendall et al., 2014,
2016; Seymour et al., 2016; Smith et al., 2016). Although many

surgical procedures would not result in pain of sufficient intensity
and duration to require 3 days of opioid administration, if the slow
release formulation can be used without causing undesirable side
effects, then it will provide a very valuable addition to options for
pain management in all species.

Buprenorphine administration has been associated with other
adverse effects, notably pica (eating of non-nutritive materials,
usually bedding) (Clark et al., 1997). This is a relatively uncommon
side effect, and is a general side effect of opioids, thought to
indicate nausea in species that are incapable of vomiting (Mitchell
et al.,, 1977). In experimental models of opioid and chemothera-
peutic agent-induced pica (Batra and Schrott, 2011; Davis, 2016),
anti-emetics have been shown to be effective but there appear to
be no reports of use of these agents to manage pica in a post-
operative setting (Takeda et al., 1995). If pica is noted, either
therapy with antiemetics can be attempted, or a different class of
analgesics can be used to manage pain.

Other opioid side effects rarely cause clinically significant
problems in rodents, for example the degree of respiratory
depression is minimal in comparison to that seen in people.
Concern has been expressed that the reduction in gut motility by
opioids could be a problem in guinea pigs because of the sensitivity
of this species to post-operative ileus, but this does not appear to
be a significant problem. If there are concerns about ileus,
prokinetics such as ranitidine or cisapride can be administered
(Wenger, 2012).

As an alternative to systemic administration, opioids can also be
administered epidurally or intrathecally to small rodents, as in
larger species. The technique in guinea pig and rat is reasonably
practicable (Turner et al., 2011), although a recent evaluation of
intrathecal morphine in rats showed that, unlike in dog and cat, the
duration of action of this opioid was not prolonged when
administered by this route (Zahn et al.,, 1997; Thomas et al.,
2016). Effective analgesia was, however, produced with a much
reduced dose of morphine.

Tramadol

Tramadol has been shown to have analgesic efficacy in
laboratory models of nociception (Oyama et al., 2012). However
assessment of its efficacy for post-operative pain management in
rats and mice have shown variable results (Affaitati et al., 2002;
Zegre Cannon et al., 2011; Wolfe et al., 2015; Taylor et al., 2016). Its
oral bioavailability make it a potentially useful agent for post-
operative analgesia, but further studies to establish appropriate
dose rates and dosing regimens are required.

Local anaesthetics

Local anaesthetics are used extensively in companion and farm
animals to provide analgesia both during and following painful
procedures. In contrast, they are used relatively infrequently in
small rodents. This is presumably because of perceived practical
issues, since safety and efficacy of the commonly used local
anaesthetics is similar to that in other species. There are less data in
guinea pigs, but clinical experience and laboratory studies indicate
the agents can all be used successfully in this species.

Local anaesthetics can be administered as splash blocks, by local
infiltration, by blocking specific sensory nerves and by the epidural
or intrathecal route. Small mammals can only be given small
volumes of commercial formulations of local anaesthetics, but
both lidocaine and bupivacaine can be diluted 1:4 with only
moderate effects on the duration of action (Grant et al., 2000). It is
advisable to calculate the maximum safe dose, and prepare this in
advance, since it is easy to inadvertently overdose when
infliltrating a relatively large surgical field. Combining these two
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agents has the advantage of providing a rapid onset of action due to
the lidocaine, followed by more prolonged nerve block by
bupivacaine. Although this combination reduces the duration of
action of bupivacaine (Cuvillon et al., 2009), it is still often
preferable to using either agent alone. The toxicity of these agents
is additive, but in small rodents, higher doses have been proven to
be safe and effective in the author’s experience (10 mg/kg lidocaine
plus 5 mg/kg bupivacaine).

Analgesics, efficacy and assessment

As discussed earlier, analgesics are relatively under-used in
laboratory rodents. When they are administered, regimens often
comprise a single agent, and pain assessment is rarely conducted.
This contrasts markedly with the approach shown to be required in
man, with use of multimodal analgesia and implementation of
effective pain assessment tools. The need for adoption of this
approach is evidenced most convincingly in people by the number
needed to treat (NNT) data for analgesics. ‘Number needed to treat’
in the context of analgesic use is the number of patients that need
to be given the agent in order for one patient to experience a 50% or
greater reduction in pain intensity. Although there is some debate
as to the best means of analyzing this data, most analgesics have an
NNT of between 2 and 7 (McQuay et al., 2012; Katz et al., 2015).
Most veterinarians make the assumption that if they administer an
analgesic at the recommended dose rate, then it will be effective in
controlling pain. If we accept that animals and people share similar
mechanisms of pain perception and analgesic action, then the
variation of analgesic efficacy in different individual people
suggests that a similar variation will be seen in animals. This
clearly reinforces the need for assessing pain regularly, so that
poor-responders are given supplemental doses of analgesic, or
alternative analgesic regimens.

Conclusions

Pain in small rodents can be managed effectively, just as it can
be in other species. At present, pain management is limited by an
apparent reluctance to implement multimodal approaches to pain
relief and most significantly, by limited use of pain assessment
tools. The rapid expansion of available data in this field should,
however, lead to significant advances in preventing and alleviating
pain in small rodents.
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