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and 3,; and perhaps as many as four k-receptor subtypes, ki,
Kb Kz, and k3.7 The discovery of opioid receptor subtypes gen-
erated great enthusiasm among researchers and introduced the
possibility of developing subtype-specific therapeutic agents
with favorable side-effect profiles. At this point, however, the
functional significance of these receptor subtypes remains un-
clear, and distinct cDNA sequences corresponding to these sub-
types have not yet been identified.’

In general, it appears that the p receptor mediates most of the
clinically relevant analgesic effects, as well as most of the ad-
verse side effects associated with opioid administration.? Drugs
acting at the & receptor tend to be poor analgesics, but may mod-
ify u receptor-mediated antinociception under certain circum-
stances and Eo&w.ﬁ opioid receptor “crosstalk.” The k receptor
mediates analgesia in several specific locations in the central
nervous system (CNS) and the periphery, but distinguishing p-
and k-mediated analgesic effects has proven to be difficult.7 In
contrast to the classic opioid receptors, the nociceptin receptor
does not mediate typical opioid analgesia,>® but instead produces
antiopioid (pronociceptive) effects.>® Because of the consider-
able structural homology among the three classically described
opioid receptors, it is likely that there are significant interactions
among these receptors in different tissues, and the loosely de-
fined physiological roles ascribed to each receptor type still re-
quire further clarification.

Endogenous Receptor Ligands

The aforementioned opioid receptors discussed are part of an ex-
tensive opioid system that includes a large number of endoge-
nous opioid peptide ligands. Endogenous opioid peptides are
small molecules that are naturally produced in the CNS and in
various glands throughout the body, such as the pituitary and the
adrenal.® Three distinct families of endogenous opioid peptides
have been identified: the enkephalins, the dynorphins, and B-
endorphin. Each of these is derived from a distinct precursor
polypeptide: proenkephalin, prodynorphin, and proopiome-
lanocortin, respectively.? These endogenous opioid peptides are
expressed throughout the CNS, and their presence has been con-
firmed in peripheral tissues, as well.> There are considerable
structural similarities among these three groups of peptides, and
each family demonstrates variable affinities for y, 8, and k recep-
tors. None of them bind exclusively to a single opioid receptor,
and none of them have any significant affinity for the nociceptin
receptor. The physiological roles of these peptides are not com-
pletely understood at this time. They appear to function as neu-
rotransmitters, neuromodulators and, in some cases, as neurohor-
mones. They mediate some forms of stress-induced analgesia
and also play a role in analgesia induced by electrical stimulation
of discrete regions in the brain, such as the periaqueductal gray
area of the mesencephalon.*

Nociceptin (also known as orphanin FQ) is the endogenous lig-
and for the more recently discovered nociceptin receptor.
Nociceptin is derived from pronociceptin, and its amino acid se-
quence is closely related to that of the aforementioned endoge-
nous opioid peptides.>> Despite this homology, nociceptin bind-
ing is specific for the nociceptin receptor, and the peptide does not

appear to interact with 1, 8, or k receptors. Furthermore, the phys-
iological effects of nociceptin are in direct contrast to the actions
of the classical endogenous opioid peptides, with nociceptin pro-
ducing a distinctly pronociceptive effect.>>¢ The functional sig-
nificance of nociceptin and its receptor remains to be elucidated,
but additional insight into this novel opioid peptide may have sub-
stantial implications in future therapeutic drug development.

In addition to the enkephalins, dynorphins, B-endorphin, and
nociceptin, there are now two other recently discovered endoge-
nous opioid peptides called endomorphin 1 and endomorphin 2.8
These peptides are putative products of an, as yet, unidentified
precursor and have been proposed to be the highly selective en-
dogenous ligands for the p receptor.’® The endomorphins are
small tetrapeptides that are structurally unrelated to the endoge-
nous opioid peptides.® Their identification has heralded a new era
in research of the u opioid system, which may contribute to our
understanding of the neurobiology of opioids and provide new
avenues for therapeutic interventions.

Signaling and Mechanisms of Analgesia

Binding of an opioid agonist to a neuronal opioid receptor, re-
gardless of whether the agonist is endogenous or exogenous, typ-
ically leads to several events that serve to inhibit the activation of
the neuron. Opioid receptors are part of a large superfamily of
membrane-bound receptors that are coupled to G proteins.” As
such, they are structurally and functionally related to receptors
for many other neurotransmitters and neuropeptides that act to
modulate the activity of nerve cells. Opioid receptor binding, via
activation of various types of G proteins, may inhibit adenylyl
cyclase (cyclic adenosine monophosphate) activity, activate re-
ceptor-operated phosphate ion (K*) currents, and suppress volt-
age-gated calcium ion (Ca*) currents.*

At the presynaptic level, decreased Ca?* influx will reduce
release of transmitter substances, such as substance P, from pri-
mary afferent fibers in the spinal cord dorsal horn thereby inhibit-
ing synaptic transmission of nociceptive input.* Postsynaptically,
enhanced K* efflux causes neuronal hyperpolarization of spinal
cord projection neurons and inhibits ascending nociceptive path-
ways. A third potential mode of opioid action involves upregula-
tion of supraspinal descending antinociceptive pathways in the
periaqueductal gray matter. It is now known that this system is
subject to tonic inhibition mediated by GABAergic neurons, and
opioid receptor activation has been shown to suppress this inhibi-
tory influence and augment descending antinociceptive transmis-
sion.*? The proposed cellular basis for this involves p receptors
that activate voltage-dependent K ions present on presynaptic
GABAergic nerve terminals that inhibit vy-aminobutyric acid
(GABA) release into the synaptic cleft.” It is important to note
that although our collective understanding of opioid receptor—
mediated signaling has increased dramatically in recent years, the
relationship of such subcellular events to clinical analgesia at the
level of the organism continues to require further clarification.

Distribution and Therapeutic Implications
Although cellular and molecular studies of opioid receptors and
ligands are invaluable in understanding their function, it is criti-
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located in the medulla.!? Certain opioids are more effective anti-
tussives than others, and drugs like codeine, hydrocodone, and
butorphanol are occasionally prescribed specifically for this indi-
cation.

Pupillary Diameter ~As a general rule, opioids tend to produce
mydriasis in those species that exhibit CNS excitation, and mio-
sis in those that become sedated after opioid administra-
tion.2%:23-25 Miosis is produced by an excitatory action of opioids
on neuronal firing in the oculomotor nucleus.?22423 In cats, and
presumably in other species that exhibit mydriasis, this increase
in activity in the oculomotor nuclear complex still occurs, but the
miotic effect is masked by increased release of catecholamines,
which produces Bv\m.n._mmwm.nm

Respiratory System .

Opioids produce dose-dependent depression of ventilation, pri-
marily thediated by W, receptors, leading to a direct depressant
effect on brain-stem respiratory centers.!%?2 This effect is char-
acterized by decreased responsiveness of these centers to carbon
dioxide and is reflected in an increased resting arterial carbon
dioxide partial pressure and displacement of the carbon dioxide
response curve to the right. This effect is compounded by the
coadministration of sedative and/or anesthetic agents, meaning
that significant respiratory depression and hypercapnia are much
more likely to occur in anesthetized patients that receive opioids
compared with those that are conscious. It should be noted that,
in general, humans tend to be more sensitive to the respiratory-
depressant effects of opioids when compared with most veteri-
nary species, and the risk of hypoventilation would rarely consti-
tute a legitimate reason for withholding opioid treatment in
clinical practice.

Cardiovascular System

Most opioids have minimal effects on cardiac output, cardiac
rhythm, and arterial blood pressure when clinically relevant anal-
gesic doses are administered. Bradycardia may be caused by opi-
oid-induced medullary vagal stimulation and will respond read-
ily to anticholinergic treatment if warranted. Particular opioids
(morphine and meperidine) can cause histamine release, espe-
cially after rapid intravenous administration, which may lead to
vasodilation and hypotension.2%-26 Because of their relatively be-
nign effects on cardiovascular function, opioids commonly form
the basis of anesthetic protocols for patients with preexisting car-
diovascular disease.

Gastrointestinal System .

The gastrointestinal effects of the opioids are mediated by p and
o receptors located in the myenteric plexus of the gastrointestinal
tract.!%20 Opioid administration will often stimulate dogs and,
less frequently, cats to defecate. After this initial response, spasm
of gastrointestinal smooth muscle predisposes patients to ileus
and constipation. Horses and ruminants in particular may be pre-
disposed to gastrointestinal complications associated with opioid
administration, such as colic and ruminal tympany, respectively.
These side effects tend to be most significant with prolonged ad-

ministration of opioids in dogs and cats experiencing chronic
pain, and such patients may require dietary modifications and
stool-softening medications to manage these adverse effects.

In human patients, opioids (most notably fentanyl and mor-
phine) have been shown to increase bile duct pressure through
constriction of the sphincter of Oddi.2” The incidence of this side
effect in people is, however, quite low.?8 Despite anatomical dif-
ferences, this observation has led to concerns about opioid ad-
ministration to dogs and cats with pancreatitis and/or cholangitis.
A study reviewing the body of human literature found that, de-
spite widespread clinical practice, there was no evidence to indi-
cate that morphine is contraindicated for use in acute pancreati-
tis.2? As there are no studies that specifically evaluate the effects
of opioids in dogs and cats with pancreatitis, it does not at this
time seem appropriate to withhold this class of drugs from this
subset of severely painful patients.

Genitourinary System
Opioids, particularly when administered neuraxially, may cause
urinary retention through dose-dependent suppression of detrusor
contractility and decreased sensation of urge.30-3! Manual expres-
sion of the urinary bladder or catheterization may be required in
certain individuals until urodynamic function returns to normal.
Urine volume may also be affected by opioids, and the mech-
anism of this effect appears to be multifactorial. p-Agonists tend
to produce oliguria in the clinical setting, and this is in part a due
to increased antidiuretic hormone release leading to altered renal
tubular function.??-3? Elevations in circulating plasma atrial natri-
uretic peptide may also play a role in morphine-induced antidi-
uresis.>? Conversely, k-agonists tend to produce a diuretic effect,
possibly through inhibition of antidiuretic hormone secretion.?>32
Other peripheral mechanisms involving stimulation of renal
ay-adrenergic receptors may also contribute to this k-agonist
effect.2 .
Agonists
Almost all clinically useful opioids exert their analgesic effects
by acting as agonists at u receptors. Although a few opioids act
as k-agonists, these drugs also tend to have antagonist or partial
agonist effects at u and/or 8 receptors and are thus not classified
as pure agonists. Pure or full opioid agonists can elicit maximal
activation of the receptor when they bind it, and the subsequent
downstream processes produce a maximal analgesic effect (Fig.
10.1). Clinically, the full p-agonists are superior analgesics and
are the drugs of choice for pain of moderate to severe intensity in
many veterinary species (see Table 10.1 for recommended dos-
ages). The following section contains brief descriptions of full
p-agonists that are in current clinical use.

Morphine (Morphine Sulfate)

Morphine is the prototypical opioid analgesic and acts as a full
agonist not only at p receptors, but also at 8 and k receptors. !0
Despite the development of numerous synthetic opioids, many of
which are more potent than morphine and may have other char-
acteristics that make them desirable alternatives to morphine in
certain circumstances, no other drug has been shown to be more

o
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efficacious than morphine at relieving pain. Compared with the
synthetic opioid agonists, morphine is relatively hydrophilic and
crosses the blood-brain barrier more slowly than fentanyl or oxy-
morphone, thereby delaying the peak effect somewhat even after
intravenous administration. %22 Clinically, this lag is not likely to
be significant under most circumstances, with the onset of anal-
gesia occurring reasonably promptly after a single dose of mor-
phine and typically lasting 3 to 4 h.>>3 Morphine’s poor lipid
solubility means that it can produce long-lasting analgesia when
administered into the epidural or subarachnoid space, with ef-
fects persisting for 12 to 24 h. The first-pass effect is significant
after oral administration, and the bioavailability of oral morphine
preparations is only in the range of 25%. If dose adjustments are
made, adequate paga-relief can be achieved with oral morphine
administration, and the duration of action tends to be somewhat
longer with this route. '

In mgst species, the primary metabolic pathway for morphine
involves conjugation with glucuronic acid leading to the forma-
tion of two major metabolites: morphine 6-glucuronide and mor-
phine 3-glucuronide.!%35 Despite the low levels of glucuronyl
transferase in cats, the pharmacokinetics of morphine in this
species seem to be broadly comparable to those in dogs and peo-
ple, though clearance rates may be marginally slower.?3-35 This
suggests that morphine must undergo a different type of conjuga-
tion reaction in this species. Morphine 6-glucuronide has phar-
macological activities that are indistinguishable from those of
morphine in animal models and in people, whereas morphine
3-glucuronide appears to have little affinity for opioid receptors,
but may contribute to the excitatory effects of morphine in some
situations.!%36 With chronic morphine administration, it is likely
that the active metabolite, morphine 6-glucuronide, contributes
significantly to clinical analgesia.

Very little morphine is excreted unchanged in the urine. The
major metabolites—morphine 3-glucuronide and, to a lesser ex-
tent, morphine 6-glucuronide—are eliminated almost entirely via
glomerular filtration. In human patients, renal failure may lead to
accumulation of morphine 6-glucuronide and persistent clinical
effects, whereas liver dysfunction seems to have minimal impact
on morphine clearance.!%-22

The side effects associated with morphine administration are
typical of most opioid agonists and have been discussed previ-
ously in this chapter. In particular, the increased incidence of
vomiting after morphine administration, as well as its potential to
cause histamine release after intravenous administration, helps to
distinguish morphine from other full opioid agonists.

Clinically, morphine is a useful analgesic in dogs, cats, horses,
and rats. It is often administered to dogs and cats at fixed dosing
intervals via the intramuscular, subcutaneous or, less commonly,
intravenous routes to manage pain associated with a variety of
traumatic injuries and disease processes. Morphine has also been
used extensively throughout the perioperative period in these
species to manage pain associated with surgical procedures. In
dogs and cats, the sparing effect of morphine on both injectable
and inhalant anesthetic tequirements can be significant 3738
Morphine is particularly effective in dogs when administered in-
travenously as a continuous infusion, which facilitates more pre-

cise dose titration to achieve optimal analgesic effects. 332 Sub-
cutaneous infusions of morphine and other opioids are being em-
ployed in human patients experiencing cancer pain,**3 and, as
subcutaneous infusion devices are developed that are applicable
to dogs and cats, this route of administration may be accessed by
veterinarians in the future. Administration of the drug into the
epidural or, less commonly, subarachnoid space is a common
analgesic technique employed in both dogs and cats in a variety
of clinical situations.***> More recently, the discovery of periph-
eral u opioid receptors has led to the clinical practice of instilling
morphine locally into inflamed joints*¢47 and even topically onto
damaged comeas*® to supplement analgesia in canine patients.

The analgesic benefits of morphine use in horses are less clear-
cut than in dogs and cats. Low doseg of morphine can be admin-
istered systemically without adverse side effects and may relieve
pain in conscious horses, though the analgesic response has been
difficult to demonstrate in numerous clinical studies.*® A 2003
study showed that morphine, in the absence of other drugs, actu-
ally increased the minimum alveolar concentration (MAC) of
isoflurane in horses anesthetized in an experimental setting.>®
While this finding would appear to discourage routine use of
morphine in the perioperative period, another retrospective study
failed to demonstrate any adverse effects associated with periop-
erative morphine administration in a typical clinical setting in the
presence of other drugs, such as a,-agonists and ketamine.!
Thus, the routine systemic administration of morphine to horses,
especially those undergoing surgery, remains controversial.

Regional administration of morphine to horses, however, is be-
coming increasingly common, and a growing body of evidence
seems to support this practice. Morphine produces significant
analgesia with few adverse side effects when administered epidu-
rally or intra-articularly and is often combined with other anal-
gesic agents, such as oy-agonists and local anesthetics, when ad-
ministered via these routes. 33233

Morphine is used infrequently in ruminants and swine in the
clinical setting, and its effects have not been well studied in these
species. It is likely that regional and perhaps even systemic ad-
ministration of morphine may play a role in pain management of
these species in the future.

Oxymorphone (Oxymorphone Hydrochloride
[Numorphan])

Oxymorphone is a synthetic opioid that acts as a full agonist at
receptors and is comparable to morphine in its analgesic efficacy
and duration of action. It is a more lipid soluble drug than mor-
phine and is readily absorbed after intramuscular or subcuta-
neous administration. Oxymorphone is not available as an oral
formulation.

When compared with morphine, oxymorphone is less likely to
cause dogs and cats to vomit, and tends to produce more sedation
when administered to these species. Its respiratory-depressant ef-
fects are similar to those induced by morphine, but oxymorphone
seems more likely to cause dogs to pant. It does not produce his-
tamine release, even when administered intravenously.? Oxy-
morphone’s other side effects are typical of other full p-agonist
opioids and have been discussed previously.
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Side effects associated with fentanyl administration are simi-
lar to those of the other full p-agonist opioids. In general, cardio-
vascular stability is excellent with fentanyl, and intravenous ad-
ministration is not associated with histamine release.!®-??
Bradycardia may be significant with bolus doses, but readily re-
sponds to anticholinergics if treatment is warranted.'%2° Tn
human patients, muscle rigidity, especially of the chest wall, has
been noted after administration of fentanyl or one of its con-
geners.557374 The potential significance of this adverse effect in
animal patients is not clear at this time, and the risk is considered
minimal if large, rapid bolus administrations are avoided.

Clinically, fentanyl is used most frequently in dogs and cats,
but is also a potentially useful analgesic in other species, includ-
ing horses, cows, sheep, goats, and pigs. Historically, fentanyl
was available in combination with the butyrophenene tranquil-
izer, droperidol, in a product called Innovar-Vet, which was typ-
ically administered in the preanesthetic period to provide seda-
tion and analgesia. This product is no longer available, and
systemic administration of fentanyl today is usually via the intra-
venous route.

Because of its shorter action, fentanyl is typically administered
as a continuous infusion to provide analgesia. Intravenous fen-
tanyl can be infused at relatively low doses to supplement anal-
gesia intraoperatively and/or postoperatively in dogs and cats. It
is also useful for management of nonsurgical pain, such as that
associated with pancreatitis. Alternatively, larger doses can be
administered, often in combination with a benzodiazepine like
midazolam, to induce general anesthesia in canine patients with
cardiovascular or hemodynamic instability. Similarly, higher in-
fusion rates of fentanyl can be used as the primary anesthetic
agent for surgical maintenance in patients who will not tolerate
significant concentrations of volatile inhalant anesthetics.”>7" In
the clinical setting, there are few reports of intravenous fentanyl
administration in large animal species, though fentanyl infusions
have been employed in a variety of surgical animal research
models involving calves, sheep, and pigs.”®"°

In addition to intravenous administration, fentanyl may be de-
posited into the epidural space to produce analgesia. Because of
its high lipid solubility, epidural fentanyl, unlike morphine, is
rapidly absorbed into the systemic circulation. Consequently, the
clinical effects associated with a single bolus of epidural fentanyl
resemble those of an intravenous injection. However, the benefits
of neuraxial administration can be achieved by administering
epidural fentanyl as a continuous infusion through an indwelling
epidural catheter, often in combination with other analgesic
agents. This technique is typically used in canine patients for
management of severe acute parm, but it may have additional ap-
plications for the management of chronic pain as well.

The development of novel, less invasive, routes of opioid ad-
ministration for use in human patients led to the marketing of
transdermal fentanyl patches (Duragesic). The patches are de-
signed to release a constant amount of fentanyl per hour that is
then absorbed across the skin and taken up systemically.
Fentanyl patches are designed for human skin and human body
temperature, but their use has been evaluated in a number of vet-
erinary species.’728%-86 Though transdermal fentanyl appears

to be an effective means of providing analgesia in a number of
clinical settings, substantial variations in plasma drug concentra-
tions have been documented, and significant lag times after patch
placement are common prior to onset of analgesia 70718384
Furthermore, changes in body temperature have been shown to
affect fentanyl absorption significantly in anesthetized cats,®’
and it is likely that other factors associated with skin preparation
and patch placement have the potential to alter plasma fentanyl
levels and analgesic efficacy substantially. Two recent studies
evaluating the efficacy of pluronic lecithin organogel (PLO gel)
delivery of fentanyl through skin in dogs and cats concluded that
this method of administration did not result in measurable
plasma concentrations and thus could not be justified as an effec-

tive means of systemic administration.3%8°

Alfentanil, Sufentanil, and Remifentanil (Alfenta, Sufenta,
and Ultiva)
Alfentanil, sufentanil, and remifentanil are all structural analogs
of fentanyl that were developed for use in human patients in an
effort to create analgesics with a more rapid onset of action and
predictable termination of opioid effects. All three are similar
with regard to onset, and all have context-sensitive half-lives that
are shorter than that of fentanyl after prolonged infusions.??
Remifentanil is unique among opioids because it is metabolized
by nonspecific plasma esterases to inactive metabolites.?%!
Thus, hepatic or renal dysfunction will have little impact on drug
clearance, and this, in combination with the robust nature of the
esterase metabolic system, contributes to the predictability asso-
ciated with remifentanil infusion.!0-22

All three of these drugs are used during general anesthesia for
procedures requiring intense analgesia and/or blunting of the
sympathetic nervous system response to noxious stimulation. As
yet, they have limited applications for postoperative or chronic
pain management. Like fentanyl, they can be administered at rel-
atively low infusion rates as adjuncts to general anesthetic proto-
cols based on volatile inhalant or other injectable agents, or they
can be administered at higher rates as primary agents for total in-
travenous anesthesia. The minimum alveolar-sparing properties
of these agents have been demonstrated in both dogs®'* and
cats.”79394 I horses, systemic infusions of alfentanil did not
have significant effects on MACs of inhalant anesthetics and,
when administered to conscious horses, were associated with in-
creases in locomotor activity.?°7 There is little evidence to sug-
gest that any of the fentanyl analogs offer advantages over mor-
phine when administered into the epidural space for analgesia.>*

Methadone (Methadone Hydrochloride [Dolorphine])

Methadone is a synthetic p opioid agonist with pharmacological
properties qualitatively similar to those of morphine, but possess-
ing additional affinity for N-methyl-D-aspartate (NMDA) recep-
tors.9899 Methadone’s unique clinical characteristics include ex-
cellent absorption after oral administration, no known active
metabolites, high potency, and an extended duration of ac-
tion.!%20.9 In human patients, the drug has been used primarily
in the treatment of opioid-abstinence syndromes, but is being
used increasingly for the management of chronic pain. Though
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activation
of p receptor
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Fig. 10.3. A lock-and-key analogy is used to illustrate partial ago-
nist drug interactions at opioid receptors, with a relative dose-
response curve for analgesic efficacy shown below. A partial opioid
agonist (in this case, buprenorphine) weakly stimulates p receptors,
which produces a reduced maximal analgesic effect compared with a
full agonist. A large dose of partial agonist will block the receptor ac-
tions of a full agonist, moving its dose-response curve to the right and
depressing its maximal analgesic effect. Modified from Nicholson and
Christie,270 p. 273, with permission from Elsevier.

even now, is approved as an analgesic in cats and horses only.20
Butorphanol exerts its relevant clinical effects through its inter-
actions at k receptors and acts as an antagonist at u receptors. The
duration of butorphanol’s analgesic effects remains somewhat
debatable and likely varies with species, type and intensity of
pain, dosage, and route of administration.!!1-113 In general, its
effects are shorter-lived than those of morphine and are probably
in the range of 1 to 3 h. Butorphanol is typically administered via

the intramuscular, subcutaneous, or intravenous route, though an
oral formulation is available and is occasionally prescribed for
outpatient analgesia in dogs.

Butorphanol does not induce histamine release when adminis-
tered intravenously and has minimal effects on cardiopulmonary
function. There is conflicting evidence regarding the effects of
butorphanol on inhalant anesthetic requirements in the dogs, cats,
and horses. Earlier studies failed to demonstrate a significant
sparing effect on MAC when butorphanol was coadministered
with halothane in dogs and ponies.!'*-16 More recently, isoflu-
rane MAC reductions have been documented after administration
of clinically relevant doses of butorphanol in both dogs and
cats.37-117 Reasons for these discrepancies are probably related to
differences in study techniques, and, in dogs and cats specifi-
cally, it seems that butorphanol can induce at least modest reduc-
tions in inhalant anesthetic requirements.

When administered alone to healthy dogs and cats, butor-
phanol produces minimal sedation only. However, the drug is
commonly used in combination with a variety of sedatives and
tranquilizers, such as acepromazine, medetomidine, or midazo-
lam, to produce sedation and analgesia for minimally invasive
procedures.!!8 It is also used during the preanesthetic and post-
operative periods to provide analgesia for surgical procedures as-
sociated with mild to moderate pain 8119120 Butorphanol does
not appear to be an effective monoanalgesic for moderate to se-
vere pain in these species, especially when pain is orthopedic in
origin.!21-123

Butorphanol, which is the opioid most oon:.do:_% used in
horses, is almost always coadministered with an a,-agonist or,
occasionally, acepromazine. It is administered intravenously for
a variety of standing procedures or prior to induction of general
anesthesia. Butorphanol has been shown to be an effective,
though short-lived, analgesic for visceral pain in this species, but
the ay-agonists still seem to be superior for treatment of this type
of pain in horses.!?*125 One study has documented the safety and
apparent efficacy of a continuous intravenous infusion of butor-
phanol that maintained therapeutic plasma levels of drug while
minimizing the potential for adverse gastrointestinal and behav-
ioral effects.!!3 Butorphanol has not been shown to be particu-

Table 10.2. Dosage ranges (mg/kg) for opioid agonist-antagonists and partial agonists in several domestic species

Opioid Dogs Cats Horses Cattle Swine
Butorphanol 0.1-0.4 IV, IM, SC 0.1-0.8 IV, IM, SC 0.02-0.04 IV, IM, SC 0.01-0.04 IV, IM, SC  0.1-0.5 IV, IM, SC
0.5-2.0 PO2 " 0.5-1.0 PO? 0.02-0.04/h IV CRI
: 0.04 epidural
Nalbuphine 0.3-0.51M, SC 0.2-0.4 IM, SC ? ? ?
0.1-0.3 IV 0.1-0.2 IV
Pentazocine 1-3 IV, IM, SC 1-3 IV, IM, SC 0.1-1.0 IV, IM, SC ? ?
Buprenorphine  0.005-0.02 IV, IM, SC  0.005-0.02 IV, IM, SC 0.005-0.01 IV, IM, SC  0.005-0.01 IV, IM, SC  0.01-0.1 IV, IM, SC
0.01-0.02 POP

CRI, continuous-rate infusion; IM, intramuscularly; IV, intravenously; PO, per os (orally); SC, subcutaneously; ?, reliable doses have not been established for

this species.
Butorphanol’s oral bioavailability remains uncertain.

Buprenorphine injectable solution has been shown to be effective when administered to the buccal mucosa in cats.
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Fig. 10.4. A lock-and-key analogy is used to illustrate pure antago-
nist drug interactions at opioid receptors, with a relative dose-
response curve for analgesic efficacy shown below. A pure opioid an-
tagonist (in this case, naloxone) blocks both p- and k-receptor types,
but has no intrinsic activity at these receptors. Receptor binding is
competitive, so more agonist is required in the presence of antago-
nist to produce a maximal analgesic effect. Modified from Nicholson
and Christie,270 p. 273, with permission from Elsevier.

and 60 min. Consequently, animals need to be closely monitored
for renarcotization after a dose of naloxone. Occasionally, excite-
ment or anxiety may be seen after naloxone reversal of an opioid
agonist. Premature ventricular contractions have also been docu-
mented after reversal, but are not common and seem to be more
likely if there are high levels of circulating catecholamines. This
drug is sometimes administered sublingually to neonatal patients
exhibiting respiratory depression that have been delivered by ce-
sarean section after maternal administration of an opioid agonist.

Naloxone has also been shown in animal models and human
patients to produce a dose-related improvement in myocardial
contractility and mean arterial blood pressure during shock. 35137
Further studies are needed to clarify the role of the endogenous
opioid system in the pathophysiology of various forms of shock.

A

Nalmefene and Naltrexone (Revex and Trexonil)

Both of these drugs are pure opioid antagonists with clinical ef-
fects that last approximately twice as long as those of nalox-
one.!38 Though little is published about the use of these drugs in
veterinary patients, they may be advantageous in preventing re-
narcofization when used to antagonize the effects of a long-
acting opioid.

Nonsteroidal Anti-inflammatories

The nonsteroidal anti-inflammatory drugs (NSAIDs) relieve mild
to moderately severe pain, with efficacy dependent on the particu-
lar NSAID administered. This class of analgesics dates back thou-
sands of years, with the salicylates being among the oldest and still
most commonly used analgesics.!? Salicylate is a naturally occur-
ring substance found in willow bark and, prior to production of the
synthetic compound, was used for centuries to manage pain asso-
ciated with rheumatism. In 1878, Felix Hoffman, working at Bayer
in Germany, made the acetylated form of salicylic acid that has
come to be known as aspirin.!3 Although aspirin (acetylsalicylic
acid or ASA) has been found to be effective in the management of
acute and chronic mild discomfort, the newer injectable NSAIDs
appear to have comparable efficacy to the pure p-agonist opioids in
controlling moderate to severe soft tissue and orthopedic pain. The
NSAIDs appear to confer synergism when used in combination
with opioids and may demonstrate an opioid-sparing effect should
lower dosages of opioid be required. Their oﬁm:ana duration of
action, in addition to their analgesic efficacy, 5&8 the NSAIDs
ideal for treating acute and chronic pain in veterinary patients.
Careful patient and drug selection is critical, however, because of
their potential for harmful side effects.

Cyclooxygenases and Prostaglandin Synthesis
In 1971, Vane discovered the mechanism by which aspirin exerts
its anti-inflammatory, analgesic, and antipyretic actions. He
proved that aspirin and other NSAIDs inhibited the activity of a
cyclooxygenase (COX) enzyme that produced prostaglandins
(PGs) involved in the pathogenesis of inflammation, swelling,
pain, and fever.!40 Twenty years later, a second COX enzyme was
discovered and, more recently, a newly identified COX-3 has been
identified.141-143 Cyclooxygenase (previously termed prostaglan-
din synthase) oxidizes arachidonic acid (previously termed eico-

satetraenoic acid) to various eicosanoids (including PGs and

other related compounds) (Fig. 10.5).1%* Oxidation of arachidonic

Table 10.3. Dosage ranges (mg/kg) for opioid antagonists in several domestic species

Opioid Dogs Cats Horses Cattle Swine
Naloxone 0.002-0.02 IV 0.002-0.02 IV 0.002-0.02 IV a a
Nalmefene 0.025-0.037 IV 0.025-0.037 IV ? 9 ?
Naltrexone 0.0025-0.0037? IV 0.0025-0.0037 IV ? ? ?

1V, intravenously; ?, reliable doses have not been established for this species.

aDoses have not been specifically reported for these species; however, 0.01 mg/kg IV is probably appropriate
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PGs that function in the prevention and promotion of healing of
mucosal erosions, and exert anti-inflammatory effects by inhibit-
ing leukocyte adherence, as well as play a role in renal protection
and maturation;!43 and (c) COX-3 produces PGs that exert a pro-
tective function by initiating fever.!43

Thus, depending on the NSAID selected, primary plug forma-
tion of platelets, modulation of vascular tone in the kidney and
gastric mucosa, cytoprotective functions within the gastric mu-
cosa, smooth muscle contraction, and regulation of body temper-
ature will all be affected.!® In this regard, however, not all
NSAIDs are created equal. As already noted, the COX-1, COX-2,
and COX-3 enzymes make variable contributions to these func-
tions, and individual NSAIDs inhibit each of these enzymes dif-
ferently. Some NSAJDs inhibit both COX-1 and COX-2 (i.e., as-
pirin, phenylbutazone, ketoprofen [Anafen], ketorolac [Toradol],
and flunixin meglumine [Banamine]); other NSAIDs 'preferen-
tially injibit COX-2 with only weak inhibition of COX-1 (i.e.,
meloxicam [Metacam], carprofen [Rimadyl], etodolac [Eto-
gesic], vedaprofen [Quadrisol-5], and tolfenamic acid [Tol-
fedine]); and others inhibit COX-2 exclusively (i.e., deracoxib
[Deramaxx] and firocoxib [Previcox]); whereas still another
drug, acetaminophen, only weakly inhibits both COX-1 and
COX-2 while inhibiting COX-3 activity preferentially.!4!

Several in vitro studies investigating NSAID selective inhibi-
tion of the COX-1 and COX-2 isoenzymes have been published,
but their findings are very difficult to interpret because of incon-
sistencies in the assays used.!*¢ Clinically, this information is
confusing because it does not consider the pharmacokinetics of
particular drugs and their concentrations in various tissues.!*’
Most NSAIDs that inhibit COX have been shown to result in di-
version of arachidonate to the 5-LOX pathway. The 5-LOX is
principally found in polymorphonuclear cells, mast cells, mono-
cytes, basophils, and B lymphocytes that are recruited during in-
flammatory and immune reactions.'*’ This enzyme catalyzes the
initial step in leukotriene biosynthesis, which subsequently pro-
duces various eicosanoids, with leukotriene B, (LTB,) being the
most notable potent mediator of inflammation. The excessive
production of leukotrienes has been implicated in the creation of
NSAID-induced ulcers.!48:14% As always, however, the biological
system is not clear-cut. Although the LOX pathway is proinflam-
matory, there is also an anti-inflammatory pathway,!>® which is
discussed in more detail later.

The contribution of the leukotrienes to the inflammatory
process would seem to suggest that inhibition of both the COX
and 5-LOX pathways by a therapeutic agent would enhance the
safety profile and may confer even greater analgesic efficacy be-
cause of broader anti-inflammatory and antinociceptive ef-
fects.!3! Data available show that dual acting compounds are ef-
fective in arthritic models, where they also retain antithrombotic
activity, produce little or no gastrointestinal damage, and do not
adversely affect the asthmatic state.!4” A dual COX-5-LOX in-
hibitor (tepoxalin [Zubrin]) has undergone clinical trials and is
now approved for veterinary use.!>!-1>2 Tepoxalin has demon-
strated gastrointestinal anti-inflammatory activity in mice,!>
which supports the theory that 5-LOX inhibition can play a vital
role in preventing NSAID-induced gastric inflammation.

Mechanisms of Analgesia

Prostaglandins, notably PGE, and prostacyclin, are potent medi-
ators of inflammation and pain. These molecules exert hyperal-
gesic effects and enhance nociception produced by other media-
tors, such as bradykinin. The NSAIDs’ analgesic mechanism of
action is through inhibition of COX-1, COX-2, and COX-3 activ-
ity, with subsequent prevention of PG synthesis.

The antinociceptive effects of the NSAIDs are exerted both pe-
ripherally and centrally.!* The NSAIDS penetrate inflamed tis-
sues, where they have a local effect, which makes them excellent
analgesic choices for treatment of injuries with associated in-
flammation, as well as conditions such as synovitis, arthritis, cys-
titis, and dermatitis.!>* The central action is at both the spinal and
the supraspinal levels, with contributions from both COX-1 and
COX-2.154-158 This central effect may account for the overall
well-being and improved appetite that are often observed in pa-
tients receiving parenterally administered NSAIDs for relief of
acute pain.

The rational use of NSAIDs as analgesics should be based on
an understanding of pain physiology and pathophysiology.
Nociceptive pathways may involve either the COX-1 or COX-2
gene, and these genes are expressed in different locations and
under different circumstances. The COX-2 isoenzyme, which is
known as the inducible isoform because it is upregulated in in-
flammatory states, is known to play a key role in nociception.
Although the COX-1 gene has traditionally been thought of as
being expressed constitutively, this isoenzyme also plays an inte-
gral role in the pain experience.!2 The COX-1-selective
NSAIDs are superior to COX-2-selective NSAIDs at inhibiting
visceronociception caused by chemical pain stimulators in a
mouse peritoneal model.'® This has been confirmed by vis-
ceronociception being greatly reduced in COX-1, but not COX-
2, knockout mice.!%% These studies concluded that peripheral
COX-1 mediates nociception in slowly developing pain in mice,
such as in visceral pain, and that central COX-1 may be involved
in rapidly transmitted, nonvisceral pain, such as that caused by
thermal stimulation.!? Visceral pain may be mediated, at least in
part, by stimulation of intraperitoneal receptors located on sen-
sory fibers by COX-1-produced prostacyclin.!43 There may even
be gender differences as in Ballou’s mouse model, which demon-
strated that spinal COX-2 did in fact contribute to visceral noci-
ception, but only in female mice.!6? The analgesic potency of a
range of NSAIDs in relieving tooth-extraction pain in human pa-
tients correlates closely with increasing selectivity toward COX-
1 rather than COX-2. These findings highlight the importance of
both COX-1 and COX-2 contributions to pain and the selective
efficacy of the NSAIDs in treating various painful conditions and
syndromes.

The COX-2 or inducible isoenzyme can increase by 20-fold
over baseline in the presence of tissue injury and inflamma-
tion.!%% Proinflammatory cytokines and mitogens, such as inter-
leukin 18 (IL-1B), interferon <y, and tumor necrosis factor o
(TNF-a), induce COX-2 expression in macrophages, as can
platelet-activating factor and PGE,.!*’ These events may also
occur in chondrocytes, osteoblasts, and synovial microvessel en-
dothelial cells. Higher COX levels increase prostenoid produc-
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shown to be effective antipyretic agents. Ketoprofen appears to
be a good antipyretic in both cats and dogs, and this action can
often be achieved at a relatively low dose.

Endogenous Anti-inflammatory Mechanisms
Endogenously generated small chemical mediators, or autacoids,
play a key role in controlling inflammation by inhibiting poly-
morphonuclear cell recruitment and enhancing monocyte activity
in a nonphlogistic manner.'"* Arachidonic acid-derived lipoxins,
particularly lipoxin A4, have been identified as anti-inflammatory
mediators, indicating that the LOX pathway has a dual proin-
flammatory and anti-inflammatory function.

The NSAIDs may amplify or decrease this endogendus anti-
inflammatory &\mamw Aspirin is more COX-1 mo_oo:é and can
impair many components of mucosal defense and osrmzoo leuko-
cyte adherence within the gastric and mesenteric microcircula-
tion.7"However, with chronic use of aspirin, an adaptation of
the gastric mucosa is associated with a marked upregulation of
COX-2 expression and lipoxin production. This lipoxin is specif-
ically termed aspirin-triggered lipoxin (ATL). Aspirin is unique
among current therapies because it acetylates COX-2, thereby
enabling the biosynthesis of 15(R)-hydroxyeicosatetraenoic acid
from arachidonic acid, which is subsequently converted to ATL
by 5-LOX. Inhibition of either the COX-2 or 5-LOX enzymes
causes blockade of ATL synthesis.!”” Lipoxin A, and ATL (a
carbon-15 epimer of lipoxin) attenuate aspirin-induced leukocyte
adherence, whereas administration of selective COX-2 inhibitors
blocks ATL synthesis and has been shown to augment aspirin-
induced damage and leukocyte adherence to the endothelium of
mesenteric venules in rats.!”’

In addition to the lipoxins, aspirin-induced COX-2 acetylation
generates numerous other endogenous autacoids derived from di-
etary omega-3 fatty acids.!”® Some of these local autacoids are
potent inhibitors of neutrophil recruitment, thereby limiting the
role of these cells during the resolution phase of inflammation,
and thus are referred to as resolvins.!’8 The identification of both
the lipoxins and the resolvins has introduced new potential ther-
apeutic avenues for the treatment of inflammation, cardiovascu-
lar disease, and cancer.

Pharmacological Considerations
The NSAIDs are effective analgesics as indicated by the human
consumption of 120 billion aspirin tablets per year in addition to
the many other NSAIDs currently on the market. Despite this, the
safety profile of these analgesi¢s remains a concern. A search for
the NSAID without adverse gastrointestinal effects is still ongo-
ing. Incorporation of a nitric oxide~generating moiety into the
molecule of several NSAIDs has shown attenuation of the ulcero-
genic effects of these drugs. However, nitric oxide has also been
implicated in the pathogenesis of arthritis and subsequent tissue
destruction. 147

Because of their high protein binding, NSAIDs can displace
other drugs from their plasma protein-binding sites and poten-
tially increase their plasma concentration. This is rarely a con-
cern unless NSAIDs are administered to patients with organ dys-

function or in those receiving other highly protein-bound med-
ications with a narrow therapeutic index. Interference with the
metabolism and excretion of certain coadministered drugs may
occur; therefore, verifying the safety of combination therapy is
always mandatory.

Some NSAIDs may induce the syndrome of inappropriate se-
cretion of antidiuretic hormone (ADH). Renal water reabsorp-
tion depends on the action of ADH mediated by cyclic adeno-
sine monophosphate (cAMP). As PGs exert a controlled
negative-feedback action on cAMP production, inhibition of PG
synthesis produces above-normal levels of cAMP with potential
for enhanced ADH activity. In addition, the administration of a
COX-2-selective NSAID may enhance sodium and water reab-
sorption. Clinically, both mechanisms may result in high-spe-
cific-gravity urine with dilutional Ryponatremia. Urine volume
may be decreased through this mechanism, but without renal in-
jury,179-180

NSAID-induced renal insufficiency is usually temporary and
reversible with drug withdrawal and administration of intra-
venous fluids. Accidental ingestion of NSAIDs should be man-
aged with gastric lavage (if within 1 h) followed by administra-
tion of activated charcoal and gastric protectants. If evidence of
gastric ulcers exist, aggressive sucralfate therapy is necessary.
Intravenous fluid therapy should continue for at least 1 day.
Therapy beyond this period will depend on the renal and gastric
status of the individual patient.

Patient Selection and Therapeutic '
Considerations

The general health of a patient greatly influences the decision to
use NSAIDs. Cats and dogs are more susceptible than people to
the adverse effects of this class of drugs. Thus, the reported
safety of any one NSAID in human patients should not be as-
sumed to be so in veterinary, patients. Most NSAIDs have a nar-
row safety margin, so accurate dosing is absolutely necessary.

The administration of NSAIDs for perioperative pain manage-
ment should be restricted to animals older than 6 weeks that are
well hydrated and normotensive. Patients should have normal he-
mostatic function, no evidence or concern for gastric ulceration,
and normal renal and hepatic function. Although these are gen-
eral guidelines, future studies may indicate that short-term man-
agement of acute pain by using COX-1-sparing and, to some de-
gree, COX-2-sparing NSAIDs may prove safe in animals with
minimally compromised liver or renal function. Patients should
not receive corticosteroids and NSAIDs concurrently,!8! nor
should different NSAIDs be administered concurrently.

The preemptive use of NSAIDs is controversial because of
their potential for harm. An earlier study assessing the effects on
the kidney of preoperative administration of ketorolac, ketopro-
fen, or carprofen resulted in variable alterations in parameters
measured. The conclusions of the study were that, in clinically
normal dogs undergoing elective surgery, the use of these
NSAIDs was not contraindicated, although renal function was
not measured and two dogs in each of the ketoprofen and ketoro-
lac groups were azotemic.!®2 Another study assessing effects of
preoperative administration of ketoprofen on whole blood
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ation in response and effect, as previously discussed. When the
adverse effects of a NSAID are a concern, reducing the dose and
adding an analgesic of a different class (e.g., tramadol) may be
equally effective for ‘the treatment of chronic severe pain.
However, for many geriatric animals with renal insufficiency,
NSAIDs may be the only effective class of analgesic. For these
animals, quality of life is a major issue. In this situation, meloxi-
cam (in both cats and dogs) or carprofen (in dogs only) titrated
down to the lowest effective dose has been used in patients with
renal insufficiency with minimal or no worsening of renal func-
tion over time (personal communication).

During NSAID therapy, all patients should be monitored for
hematochezia or melena, vomiting, increased water consump-
tion, and nonspecific changes in demeanor. If any of these occur,
the owner mro:_m.ﬂo instructed to stop the medicatipn and consult
a veterinarian. Intermittent monitoring of creatinine ,and alanine
aminotransferase (ALT) is recommended when the use of
NSATDs is prescribed on a chronic basis. Another important con-
sideration for chronic use is the potential effect of NSAID ther-
apy on joint and cartilage metabolism. Studies investigating the
effects of carprofen®97-208 and meloxicam?"? at therapeutic doses
found no toxicological or pharmacological actions on cartilage
proteoglycan metabolism. In addition, meloxicam may have the
potential for controlling cellular inflammatory reactions at in-
flamed sites in the joints of patients with osteoarthritis.20

Miscellaneous Conditions

Other indications for the use of NSAIDs are panosteitis, hyper-
trophic osteodystrophy (HOD), cancer pain (especially of bone),
and dental pain. The NSAIDs with selective COX-1 inhibition
should be used with caution after dental extractions where bleed-
ing is, or may be, of concern. Meloxicam and carprofen have
minimal, if any, antithromboxane activity and should, therefore,
not interfere with platelet adhesion. For severe panosteitis and
HOD, the full loading dose of a NSAID is required to obtain a
suitable effect. The HOD of Weimaraners is poorly responsive to
NSAID therapy and is better treated-with high-dose, short-term
corticosteroids, provided infectious disease has been ruled out
and clinical signs are consistent with HOD alone.210

Contraindications

NSAIDs should not be administered to patients with acute renal
insufficiency, hepatic insufficiency, dehydration, hypotension, or
conditions associated with low effective circulating volume (e.g.,
congestive heart failure or ascites), coagulopathies (e.g., factor
deficiencies, thrombocytopenia, or von Willebrand’s disease), or
evidence of gastric ulceration (j.e., vomiting with or without the
presence of “coffee ground material” or melena). Administration
of NSAIDs following gastrointestinal surgery must be deter-
mined by the overall health of the gut at the time of surgery. As
the COX-2 isoenzyme is important for healing, intuitively
NSAIDs producing potent COX-2 enzyme inhibition would be
contraindicated where compromised bowel is noted. Concurrent
use of other NSAIDs (e.g.. aspirin) or corticosteroids is not rec-
ommended. The use of COX-I-preferential NSAIDs is con-
traindicated in patients with spinal injury (including herniated in-

G

tervertebral disc) because of the potential for hemorrhage and
neurological deterioration, and because of excessive bleeding at
the surgical site should surgical treatment be pursued. The
NSAIDs should never be administered to patients in shock,
trauma patients upon presentation, or patients with evidence of
hemorrhage (e.g., epistaxis, hemangiosarcoma, or head trauma).
The condition of patients with severe or poorly controlled
asthma, such as feline asthma, or other types of moderate to se-
vere pulmonary disease, may deteriorate with NSAID adminis-
tration. Aspirin administration has been documented to exacer-
bate asthma in human patients, but the administration of
COX-2-specific NSAIDs did not worsen clinical signs.?!! It is
unknown whether animals may be affected in this way. Although
administration of NSAIDs in head trauma, pulmonary diseases,
or thrombocytopenia is generally contraindicated, the use of
COX-2-preferential NSAIDs (i.e., meloxicam, etodolac, carpro-
fen, tolfenamic acid, firocoxib, or deracoxib) may prove to be
safe with further study. Because of inhibition of PG activity, the
NSAIDs may be detrimental to reproductive function. Indometh-
acin may block prostaglandin activity in pregnant women, caus-
ing cessation of labor, premature closure of the ductus arteriosus
in the fetus, and disruption of fetal circulation.!6! These effects
may also occur in animals, so NSAIDs should not be adminis-
tered during pregnancy. As COX-2 induction is necessary for
ovulation and subsequent implantation of the embryo,!%! the use
of NSAIDs should also be avoided in breeding females during
this stage of the reproductive cycle. As previously mentioned, the
COX-2 isoenzyme is required for maturation of'the embryologi-
cal kidney, so COX-2 administration to lactating mothers should
be avoided.

Topical NSAIDs do not appear to be associated with the same
adverse gastrointestinal effects noted when these same drugs are
taken orally,>!? and topical administration has proven to be sig-
nificantly more effective than placebo in many human clinical
trials involving acute and chronic painful conditions.2!? A lipo-
somal topical cream formulation of 1% diclofenac sodium
(Surpass) has recently been approved by the U.S. Food and Drug
Administration as a topical anti-inflammatory cream for the con-
trol of joint pain and inflammation associated with osteoarthritis
in horses. The results of clinical field trials indicate that the prod-
uct is safe, easy to use, and effective in reducing lameness caused
by degenerative joint disease in this species. When applied topi-
cally (a 5-inch strip of cream) for 10 consecutive days to a single
fetlock, diclofenac was present in all serum samples up to 2 days
after the final application.?'# The term locally enhanced topical
delivery (LETD) has been used to describe the local accumula-
tion of drug to the target tissues. This effect has been documented
in horses when using the 1% diclofenac liposomal formula-
tion.”!3 Consistent with its prolonged effect at the target tissue,
diclofenac was slowly absorbed and eliminated following its ap-
plication. When compared with other conventional topical
creams and ointments, liposomal preparations provide better
penetration and a more sustained release of agent. There are no
well controlled published studies investigating the clinical use of
topical formulations of NSAIDs in dogs and cats at the date of
this writing.
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260 e Pharmacology

Table 10.5. Dosage ranges (mg/kg) of NSAIDs in horses

.J

NSAID? Dose Route Frequency Notes

Phenylbutazone 2-4 PO, IV gi2h Reduce to 2 mg/kg on day 2

Flunixin meglumine 1 PO, IV, IM q12-24h

Ketoprofen 2-3 v g24h

Carprofen - 07 v q24h

Eltenac 0.5 1\ q24h

Diclofenac 5-inch ribbon of cream Transdermal qi2h Apply liposomal cream over 1 joint
only twice daily

Vedaprofen 1 v g24h

Meloxicam 0.6 v gi2h

IM, intramuscularly; IV, intravenously; NSAID, nonsteroidal anfi-inflammatory drug; PO, per os (orally).

aGee text for details #f contraindications for use.

Tableq0.6. Dosage ranges (mg/kg) of NSAIDs in ruminants

NSAID? Dose Route Frequency Notes

Phenylbutazone 2-6 PO, IV q24h Prohibited in dairy cattle >20 months of age
Flunixin meglumine 1 PO, IV, IM gl2or24h

Ketoprofen 3 IV, PO g24h

Carprofen 0.7 v q24-48 h Sheep

Aspirin 100 PO gi12h

1M, intramuscularly; IV, intravenously; NSAID, nonsteroidal anti-inflammatory drug; PO, per os (orally).

2See text for details on contraindications for use.

forces the concept that different NSAIDs should not be adminis-
tered concurrently. Analgesia is excellent when meloxicam is
combined with an opioid. Meloxicam has proven to be beneficial
in the treatment of sodium urate—induced synovitis?!? and panos-

teitis?20 in dogs, and radiation-induced stomatitis in cats.??!

Carprofen (Tablet and Parenteral Formulations)
Although classified as a NSAID, carprofen administration to
beagles did not inhibit PGE,, 12-hydroxyeicosatetraenoic acid,
or TXB, synthesis in an experimental study using subcutaneous
tissue cage fluids.?2? It was concluded that the principle mode of
action of carprofen must be by mechanisms other than COX or
12-lipoxygenase inhibition. However, more recent studies indi-
cate that it is a COX-2-preferential NSAID.!46:223 Carprofen is
approved for perioperative and chronic pain management in dogs
in Australasia, Europe, and ‘North America. Carprofen is ap-
proved for single-dose, perioperative use in cats in Europe and is
licensed for use in horses in the United Kingdom. In sheep,
carprofen (0.7 mg/kg intravenously) produced plasma concentra-
tions of 1.5 pg/mL, similar to those required to confer analgesia
in horses, for up to 48 h.224 However, analgesia was not assessed
in this sheep study.?2* Antithromboxane activity is mini-
mal,?!"-?2% suggesting that induced coagulopathy may not be a
problem in patients with intact hemostatic mechanisms.
According to the European literature, potential adverse effects
of NSAIDs, such as nephrotoxicity, hepatotoxicity, gastrointestinal

bleeding, or hemostatic deficiencies have not been reported with
carprofen use.!% Acute hepatotoxicity and death after carprofen
administration have been reported among dogs with previously re-
ported normal liver function (with Labrador retrievers highly rep-
resented).226 Carprofen provides good analgesia from 12 h!8%192
to 18 h after a variety of orthopedic procedures. In cats undergoing
ovariohysterectomy, carprofen administration provided profound
analgesia between 4 and 20 h postoperatively.'*3

Ketoprofen (Tablet and Parenteral Formulations)
Ketoprofen is approved for treatment of postoperative and
chronic pain in both dogs and cats in Europe and Canada. It is
also approved for use in horses and ruminants. As ketoprofen is
an inhibitor of both COX-1 and COX-2, adverse effects are a
potential problem requiring careful patient selection. Although
several studies using ketoprofen preoperatively indicate its effec-
182,184,190 3 general
consensus among practitioners has restricted its use primarily to
the postoperative period to reduce the potential for hemorrhage.
Ketoprofen should not be administered to patients with risk fac-
tors for hemorrhage. It is often administered to animals immedi-
ately after orthopedic procedures (e.g., fracture repair, cruciate
repair, or onychectomy); however, it is advised to restrict admin-
istration after laparotomy or thoracotomy until such time that
hemorrhage is not a concern and when intracavitary drainage
tubes have been removed.

tiveness in controlling postoperative pain,
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Vedaprofen (Oral and Parenteral Formulations )

The oral form is approved for use in dogs in Europe and Canada.
The parenteral form is approved for use in horses in Europe and
North America and has very similar pharmacokinetic and phar-
macodynamic properties to those of ketoprofen 292233

Ketorolac (Parenteral Formulation)

Ketorolac, which is a COX-1 and COX-2 inhibitor, is not ap-
proved for use in veterinary patients, but is included for the ben-
efit of those working in the research setting where the availabil-
ity of ketorolac is more likely than other NSAIDs. Ketorolac is
comparable to oxymorphone in efficacy and to ketoprofen in du-
ration and efficacy in managing postlaparotomy and orthopedic
pain in dogs.'?* Qply one to two doses should be administered to
dogs or cats. Ketorolac has been used successfully, for treatment
of severe panosteitis in dogs where all other therapies had failed.
It is recommended that ketorolac be administered with food or
mwmﬂaocaoﬂoogam to decrease the incidence of gastric irritation.

Piroxicam (Capsule Formulation)

Piroxicam is not approved for use in veterinary patients, but has
proven valuable for its anti-inflammatory effects on the lower
urinary tract in dogs with transitional cell carcinoma or cystitis
and urethritis. The administration of gastroprotectants is recom-
mended.>3*

Acetaminophen (Tablet and Oral Suspension
Formulations)

Acetaminophen is a COX-3 inhibitor with minimal COX-1 and
COX-2 effects. It is not approved for use in veterinary patients. It
should not be administered to cats because of deficient glu-
curonidation of acetaminophen in this species.?>> It may be admin-
istered to dogs as an antipyretic and analgesic for mild pain and
can be used in combination with opioids for a synergistic analgesic
effect or opioid-sparing effect.!*!142 It can be prescribed as an in-
dividual drug that can be coadministered with an opioid (this ap-
proach allows more flexibility in dosing of the opioid), or in a pro-
prietary combined formulation with an opioid (e.g., codeine plus
acetaminophen, or oxycodone plus acetaminophen).

Aspirin (Tablet Formulation)

Aspirin, which is primarily a COX-1 inhibitor, is most commonly
used as an analgesic for osteoarthritic pain in dogs. It is also
available in proprietary combinations with various opioids (as-
pirin plus codeine, or aspirin plus oxycodone) to achieve a syn-
ergistic effect for the treatment of moderate pain. It is also used
as an antipyretic and anticoagnlant in dogs and cats. Aspirin has
also been evaluated as an analgesic in cattle. 2%

Dipyrone (Tablet and Parenteral Formulations)

Dipyrone, which is a COX-3 inhibitor, is approved for use in cats
and dogs in Europe and Canada. It should be given intravenously
to avoid the irritation experienced when given intramuscularly.
The analgesia produced is not usually adequate for moderate to
severe postoperative pain, and dipyrone is reserved for use as an
antipyretic in cases where other NSAIDs are contraindicated.

Nephrotoxicity or gastric ulceration is not a major concern in the
short term even in critically ill patients. Dipyrone administration
induces blood dyscrasias in human patients, but this has not been
reported in animals.

Diclofenac (Topical Liposomal Cream Formulation)
Diclofenac is a phenylacetic acid NSAID that is a nonselective
cyclooxygenase inhibitor commonly used in human patients.
There is no oral or parenteral formulation available in veterinary
medicine, but a topical cream has recently been approved by the
Food and Drug Administration for use in horses. This liposomal
cream formulation of 1% diclofenac provides a novel thera-
peutic modality for the local application of NSAID-type anti-
inflammatory drugs. Dosing is achieved by applying a 5-inch rib-
bon of topical cream to only one affected joint twice daily for no
more than 10 consecutive days. Rubber gloves should be worn
when applying and rubbing the cream into the skin covering the
painful joint. The cream is stored at room temperature and should
not be frozen. Simultaneous multiple-joint application can result
in excessive absorption and high serum concentrations with an
increased potential for severe NSAID-type adverse reactions.

Analgesic Adjuvants

Analgesic adjuvants are defined as drugs that have primary indi-
cations other than pain, but that possess analgesic actions in cer-
tain painful conditions. This definition encompasses a very di-
verse group of drugs and distinguishes the analgesic adjuvants
from the so-called traditional analgesics, which include the opi-
oids, the NSAIDs, and the local anesthetics. It is only recently
that analgesic adjuvants have begun to be used in veterinary med-
icine, and most therapeutic recommendations have been extrapo-
lated from experience with human patients and subsequently ap-
plied to companion animals.

As the name implies, these agents are typically coadministered
with the traditional analgesics. They have been used most often
in the management of chronic pain states; however, their use in
acute pain settings is increasing, and certain adjuvant agents have
become common analgesic supplements during the perioperative
period. In the chronic pain setting, the adjuvant analgesics are ad-
ministered (a) to manage pain that is refractory to traditional
analgesics, (b) to enable the dose of traditional analgesics to be
reduced in order to lessen side effects, and (c¢) concurrently to
treat a symptom other than pain. In some clinical settings, such
as chronic neuropathic pain syndromes, adjuvant analgesics have
become so well accepted that they are administered as the first-
line therapy in human patients.

When contemplating administration of an adjuvant analgesic,
veterinarians must be aware of the drug’s clinical pharmacology
and its particular use in patients with pain. The following infor-
mation about the drug is necessary: (a) approved indications, (b)
unapproved indications (e.g., for analgesia) that are widely ac-
cepted in veterinary medical practice, (¢) common side effects
and uncommon but potentially severe adverse effects, (d) impor-
tant pharmacokinetic features, and (¢) specific dosing guidelines
for pain.
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operative pain management.2%* There are, at this writing, no
well-controlled published studies evaluating the analgesic effects
of amantadine in veterinary patients, and dosing recommenda-
tions are based largely on anecdotal reports. As the management
of chronic pain in companion animals continues to receive much
attention in veterinary medicine, the use of amantadine and other
drugs with a similar mechanism of action is likely to become
more prevalent.

Tramadol
Tramadol is a synthetic codeine analog that is a weak p-receptor
mmoimﬂ.s In addition to its opioid activity, tramadol also inhibits
neuronal reuptake of norepinephrine and 5-hydroxytryptamine
(serotonin), and Bﬂw actually facilitate 5-hydroxytryptamine re-
lease.?2 It is thought that these effects on central catecholaminer-
gic pathways contribute significantly to the drug’s analgesic effi-
cacy.’®® Tramadol is recommended for the management of acute
and chronic pain of moderate to moderately severe intensity as-
sociated with a variety of conditions, including osteoarthritis, fi-
bromyalgia, diabetic neuropathy, neuropathic pain, and even peri-
operative pain in human patients,266-268

A study published in 2003 compared the effects of intravenous
tramadol and morphine administered prior to ovariohysterectomy
in dogs.2%? In this particular study, tramadol was comparable to
morphine in its analgesic efficacy for this type of surgical pain.
Clearly, additional studies are necessary before definitive therapeu-
tic recommendations can be made for the management of perioper-
ative pain in a variety of species. There are also anecdotal reports of
singular oral tramadol administration for the management of
chronic pain in dogs and cats when NSAID usage is contraindicated
because of advanced renal disease. Because of its inhibitory effect
on 5-hydroxytryptamine uptake, tramadol should not be used in pa-
tients that may have received monoamineoxidase inhibitors
(MAQOIs) such as selegiline (see also the section on meperidine) or
in those patients with a recent history of seizure activity.
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