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Analgesics: The Relief from Pain
Paul F. Bookbinder, D.V.M.

V eterinarians have an absolute responsibility to 
provide relief from pain and suffering for their patients. 
Reviewing the neurologic pathways and events 
involved in the perception o f pain provides an 
understanding as to how these events can be modified 
by drugs.

Pain and Pain Perception

Pain is the conscious perception of an afferent stimulus 
which is, or is potentially, harmful to tissues. Per
ception o f pain requires two distinct events —  
peripheral reception o f stimulus and central inter
pretation of that stimulus as painful.

Peripheral reception o f stimulus begins in the 
dendritic zone of afferent neurons. These dendrites,

called nociceptors, are specialized to respond to 
painful stimuli. Nociceptors function by transduction, 
the conversion o f one form of energy into another 
form. A noxious mechanical, thermal, or chemical 
input is converted to an action potential within the 
nociceptor ending. Electrical activity is carried from 
the nociceptor to the spinal cord via the involved 
peripheral nerve, spinal nerve, and dorsal rootlet. At 
the spinal cord, these afferent neurons synapse with 
spinal interneurons which form both the reflex arc, 
and which ascend the spinal cord as the spinothalamic 
afferent pathways. These tracts traverse the length of 
the spinal cord and brain stem to synapse with thalamic 
nuclei, which in turn send projection fibers to the 
c o n tra la te ra l so m e s th e tic  c o rte x . C o n sc io u s 
perception of pain occurs at both the thalamic and 
cortical levels.

The ability o f a nociceptor terminus to transduce 
external stimuli may be modified by the local presence 
or absence o f a number o f endogenous compounds, 
such as p rostag land ins, k in ins, serotonin , and 
substance P. Those compounds hypopolarize the 
nociceptor mem-brane, decreasing the amount of 
applied energy required to initiate an action potential. 
More electrical activity is generated in response to a 
given input, and so the reception o f potentially painful 
stimuli is enhanced.

Once an electrical impulse has been generated at 
the nociceptor and carried through the peripheral 
nervous system (PNS), it is conveyed to the central 
nervous system (CNS) via the activity o f synapses.
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Electrical activity at the synapse causes the release of 
neurotransmitters from the presynaptic membrane, 
which then bind to specific receptors on the postsyn- 
aptic membrane. The result is a wave of depolariza
tion which leads to generation o f an action potential. 
This action potential is conveyed via the axon to the 
next synapse, where the process is repeated.

The electrical information which is transmitted 
across a synapse may be greatly modified by the 
activities o f a whole host o f endogenous and exo
genous neuromodulators which bind to both the pre- 
and post- synaptic membranes. These agents may 
enhance or antagonize the release or binding of both 
excitatory and inhibitory neurotransm itters. This 
greatly refines the basic function of the synapse, and 
provides very fine control over the ability o f the 
synapse to transmit a given electrical impulse.

Classification of Analgesics

There are at least two potential sites o f action for 
systemically administered analgesics— peripherally 
at the nociceptor, or centrally at the synapse.

Peripheral analgesics inhibit prostaglandin (PG) 
synthesis at the nociceptor. This prevents PG-mediated 
m em brane hypopolarization, thus blocking PG- 
induced facilitation o f transduction. The result is an 
increase in the level o f applied stimulus required to 
initiate an action potential. This causes an increase in 
pain threshold.

Peripheral analgesics have no CNS depressive 
effects and have a ceiling o f pain above which 
additional dosage does not produce additional 
analgesia. They are most effective against mild to 
moderate level, chronic, somatic pain such as arthritis 
and musculoskeletal injury. It is this type of pain 
which is most mediated by PGs, and so which responds 
best to PG inhibitors.

The peripheral analgesics inhibit the enzyme 
cyclooxygenase which converts arachidonic acid to

PGs. The irreversible, noncompetitive inhibitors (i.e., 
salicylates) modify the enzyme itself, rendering it 
nonfunctional. Competitive inhibitors (i.e., ibupro- 
fen, naproxen, indomethacin, flunixin, and phenyl
butazone) bind to the enzyme at the same locus as 
does the substrate, and may do so either reversibly or 
irreversibly. These two classes o f agents are the 
nonsteroidal, anti-inflammatory drugs (NS AIDs). The 
third class o f peripheral analgesics, the paraamino- 
phenols, include acetaminophen. The action o f this 
drug is unknown, but it is believed to inhibit cy
clooxygenase within the central, but not peripheral 
nervous system. As such, it has no anti-inflammatory 
activity and should be classified distinct from the 
NSAIDs.

Central analgesics act by binding to specific pre- 
and post- synaptic membrane receptors throughout
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the CNS. They modify both the spinal transmission 
and supraspinal interpretation o f afferent impulses. 
These drugs have pronounced CNS effects, includ
ing elevation o f both pain threshold and tolerance, 
and dose dependent CNS depression. They are 
effective against all degrees and types o f pain.

All are derivatives of opium. Some, such as 
morphine, are purified directly from raw opium 
while others are synthetic. The former are called 
opiates, while a synthetic opiate is called an opioid.

All opiates and opioids bind to specific recep
tors. These receptors have evolved to bind to the 
endogenous opioids, the endorphins and enkephal
ins. There are five different classes o f opioid recep
tors described. They differ in anatomic location, 
binding kinetics, and most importantly, physiol
ogic response evoked. A drug which binds to all 
receptor types is called a full agonist, while one 
which blocks receptors is called an antagonist. A 
mixed agonist/antagonist, or a partial agonist, binds 
only to specific types o f receptors. The five recep
tor types are mu, kappa, sigma, delta, and epsilon. 
In general, activation o f mu receptors produces 
analgesia, euphoria, respiratory depression, vagal 
stim ulation, and physical dependence. Kappa 
agonists provide analgesia and sedation, while 
sigma agonists (such as phencylidine) produce 
dysphoria, hallucination, and hysteria.

The opiates are agonists at all receptor types. 
Synthetic opioid agonist/antagonists have been 
developed in an effort to provide the analgesic 
effects o f morphine, without the undesirable side 
effects. A kappa agonist and mu/sigma antagonist, 
for example, may produce analgesia without ad
diction potential or dysphoria.

Peripheral Analgesic Drugs

Aspirin is not FDA approved for use in small 
animals, but it is one o f the most commonly used 
analgesics in small animal medicine. The absorp

tion and distribution rates for aspirin are essentially the 
same in all carnivores. Aspirin is an acid, and is rapidly 
absorbed from the acid carnivore stomach. Plasma 
distribution is also rapid. Biotransformation is via hepatic 
conjugation, followed by renal tubular excretion. It is 
the rate o f biotransformation which varies from species 
to species, and which accounts for the great variation in 
half-life. Because the cat is relatively deficient in he
patic stores of glucouronic acid and the enzymes re
quired to conjugate it, aspirin has a prolonged half-life. 
Therefore, a lower dose is required to obtain therapeutic 
senim levels. It has been proven that aspirin is a safe and 
effective analgesic in cats when given in cat dosages 
(refer to table 1).

The most common toxic side effect is gastric upset 
caused by decreased gastric mucus production and 
increased acid production. For this reason, vomiting 
should be considered an absolute contraindication to 
continued aspirin use.

Inhibition o f throm boxane production leads to 
decreased platelet cohesiveness, which may cause 
bleeding especially in the predisposed animal (i.e., liver 
disease).

Although NSAIDs have minimal effect on renal 
function in the normal animal, they may severely 
decrease renal blood flow in patients with hypovolemia, 
decreased effective forward cardiac volume, or intrinsic 
renal disease. NSAIDs should be used cautiously in 
those circumstances. Under any condition o f impaired 
renal perfusion, intrarenal vasodilatory PG synthesis is 
essential to maintain adequate renal perfusion. The use 
o f NSAIDs under those conditions may blunt this 
important physiologic response, resulting in acute renal 
insufficiency.

Flunixin meglumine (Banamine) has yet to be 
extensively evaluated as an analgesic in cats, but it is a 
potent drug with considerable future potential. It has 
been used for short term application at 0.5 to 1.0 mg/kg 
in cats. This is a purely empiric dose, but one which has 
shown considerable clinical efficacy.
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Table 1. A nalgesics for the Cat

IIDdDsas?® C  © urn ra® raids

P erip h era l A n a lg es ic s :  
Aspirin 10 mg/kg orally once per day, or 

once every other day
10 mg equals 1/8 baby aspirin. 
An average 4 kg. cat gets 1/2 
baby aspirin tablet.

Flunixin meglumine 0.5 to 1.0 mg/kg IV, IM, SQ once 
or twice per day

Strictly an empiric dose. No 
experimental evidence to verify 
safety or efficacy.

C en tra l A n a lg es ic s :  
Morphine 0.10 to 0.20 mg/kg IV, IM , SQ 

every 6 to 8 hours
Beware: Morphine comes only 
at a concentration of 15 mg/ml. 
A dose o f 0.45 mg for a 4.5 kg 
cat would be 0.03 ml, not 0.30 
ml.

Oxymorphone 0.01 to 0.10 mg/kg IV, IM, SQ 
every 4 to 6 hours

The FDA dose of 0.4 to 1.5 
mg/cat is less apporpriate than 
the dosage provided in this 
table.

Meperidine 2.5 to 10 mg/kg IM, SQ every 2 
hours

Codeine 1 to 2 mg/kg orally twice per day Dosage is based on one 
author's recommendation. No 
clinical experience yet.

Butorphanol 0.10 to 0.20 mg/kg IV, IM, SQ 
every 6 to 8 hours

Do not exceed 0.2 mg/kg in 
clinical situations.

Most o f the newer NSAIDs, such as naproxen, 
ibuprofen, and indomethacin, have either not been 
studied in cats or have been shown to produce toxic 
effects at the dosages used, and so cannot be recom 
mended.

Acetaminophen (Tylenol) deserves special men
tion. Quite simply, it should not be used at any dose 
in cats for any reason. It is fatal in almost any dose and 
is strictly contraindicated in that species.

Centrally Acting Analgesics

M orphine is referred to as the “Q ueen”. It has been 
used in human medicine since 1805, and is the 
standard o f comparison for all other analgesics. It is 
available as a solution for injection at a concentration 
of 15 mg/ml. It is a full agonist at all receptor types, 
and is a schedule 2 agent under the Controlled Sub
stances Act o f 1970.
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The history o f the use o f morphine in cats is a 
complicated one which has led to considerable mis
understanding. Back in 1875, a paper was published 
which described the behavioral changes seen in cats 
given morphine. These changes ranged from aggres
sion to seizures to status epilepticus resulting in 
death. This response was called “morphine mania”, 
and it was concluded that cats reacted in an idiosyn
cratic manner to opiates, and that those drugs must 
not be used in that species. This misconception per
sists today despite numerous studies beginning as 
early as 1925 which have proven that “morphine 
mania” is a purely a dose-related phenomenon. In all 
species morphine will cause CNS excitation at toxic 
levels. This response is not unique to the cat. W hat is 
unique to the cat is the relative inability to metabolize 
opiates, resulting in a longer half-life. In 1968 Davis 
and Donelly evaluated the safety and efficacy of 
morphine in cats. They found that morphine was both 
safe and effective at a proper dose (refer to table 1). 
Numerous studies since then have reaffirmed these 
conclusions.

The side effects o f morphine and other opioids 
include respiratory depression, bradycardia, initial 
vomiting and defecation followed by constipation, 
and elevated CSF pressure. Severe respiratory com 
promise and cranial trauma are relative contraindica
tions to opioid administration. The bradycardia is 
often of clinical significance, and must be treated 
with parasympatholytic agents.

Oxvmorphone is a synthetic full agonist. It is 
available under the trade name of Numorphan at a 
concentration o f 1.5 or 1.0 mg/ml for parenteral use. 
It is a schedule 2 agent, and has recently been FDA 
approved for use in both the dog and cat. At the 
appropriate dosages it is a very reliable analgesic in 
both species. My personal preference is to use m or
phine in cats and oxymorphine in dogs, but that is due 
more to experience and familiarity with the drugs 
rather than any demonstrable difference between 
them. The FDA approved dose in cats is higher than

most people find clinically applicable. (Recommended 
dosages are listed in table 1).

M eperidine (Demerol) is available as a solution 
for injection at a concentration o f 50 mg/ml. Like the 
other full agonists, it is a schedule 2 agent. Demerol 
must be given IM or SQ, and has a very short half-life 
in the cat (42 minutes). Therefore, it must be given 
every one to two hours.

Pain Symposium

An international pain symposium will be held 
June 25 to 28 at Cornell College o f Veterinary 
M edicine in Ithaca, New York. Over eighty 
speakers from the United States and other 
countries will present papers on the neuro
sciences of pain, controlling pain with opiates 
and a-adrenergic agents, local and regional 
anesthesia, and controlling perioperative pain. 
The registration fee is $450 (U.S. funds) which 
includes all sessions, lunches and two dinner 
events. Thursday’s program will be practice- 
oriented, and is specifically designed for prac
ticing veterinarians. Those interested can reg
ister only for Thursday’s program for $150. 
The symposium concludes on Friday with 
work sessions on analgesic considerations in 
protocols for live animal usage in teaching 
and research.

Requests for information or registrations 
should be directed to:

Office o f Continuing Education 
College o f Veterinary M edicine 
Cornell University 
Ithaca, N Y 14853 
(607) 253-3200
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Butorphanol is one of the newer mixed agonists/ 
antagonists. It is FDA approved for use in the dog, 
and currently it is not a scheduled drug. Recom 
mended dosage in the literature range from 0.1 to 0.8 
mg/kg in both dogs and cats. Clinical experience 
indicates that the high end o f this dose is much higher 
than required, and that 0.1 to 0.2 mg/kg will provide 
safe and effective analgesia in the cat. M ost cats 
remain subjectively im proved for up to six to eight 
hours. Butorphanol is considered to be a mu agonist, 
and a kappa/sigma antagonist. Although it has proven 
to be quite safe, it may be less predictable than the 
pure agonists because some animals become very 
sedate and comfortable, while others given the same 
dose seem unaffected. Many of these animals subse
quently respond very favorably to a pure agonist such 
as oxymorphone.

Conclusion
The need for liberal use of analgesics in the veterinary 
profession is self-evident. The routine and rational 
use of analgesics in feline medicine should be based 
on the knowledge o f a drug’s action, indication, and 
contraindication. ■

Dr. Paul Bookbinder received his D.V.M. degree 
from  Cornell University (1986), then went to Michi
gan State University fo r  a one year internship. He 
returned to Cornell University fo r  a three-year sur
gical residency. This year he will enter private prac
tice in Amherst, NY.

Adapted with permission from the Proceedings o f the 82nd 
Annual Veterinary Conference (pages 163-178), Cornell Col
lege o f Veterinary Medicine, 1990.
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Dr. Scott Receives Award

Each year at the annual meeting o f the American 
Animal Hospital Association several awards are 
presented to those veterinarians who have made a 
difference in the veterinary profession. Dr. Fredric 
Scott, director o f the Cornell Feline Health Center, 
received the 1990 Carnation Award for outstanding 
achievement in feline medicine. The presentation 
was made at the opening ceremony on March 26 at 
the San Francisco M arriott Hotel.
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Feline Specialist Seminar

The Cornell Feline Health Center and the College o f Veterinary M edicine’s Office o f 
Continuing Education are sponsoring the second annual Feline Specialist Seminar from 
August 6 to 10. The registration will be $300 and includes admission to all sessions, a 
wine/cheese social and a catered picnic. Registrants arriving on Sunday will have the 
opportunity to take guided tours of the Ithaca area. Topics and speakers scheduled are:

Monday, August 6:
Choose to attend one o f the following programs all day —  Feline Urological 

Syndrome (Dr. Carl Osborne) or Feline Dentistry and Laboratory (Dr. B. Jean Hawkins)
Tuesday. August 7:

Choose to attend the all-day session on —  Diagnosis o f Diseases o f  Cats by Clinical Laboratory 
Methods (Drs. Julia Blue and Tracy French)

OR
Feline Behavior (Dr. Kathrine Houpt) in the morning, and Anesthesia (Dr. Charles Short), 1CU 

Support fo r  Sick Cats (Drs. John Ludders and Sue Dougherty), Pain: Its Recognition and Therapy (Dr. 
Charles Short) in the afternoon.
Wednesday. August 8:

Choose to attend one o f two sessions all day —  Basic and Usable Computer Education (Chris 
Stuart) or Oncology (Dr. C. Guillermo Couto)

OR
Updates on Infectious D iseases (Drs. Chris Olsen, Peggy Barr, Steve Barr, Fred Scott, Sang Shin 

and Richard Jacobson) in the morning, and Emergency Medicine (Dr. Lauren Trepinier) or Oncology (Dr.
C. Guillermo Couto) in the afternoon.
Thursday. August 9:

Choose one o f three sessions in the morning —  Laser Treatment o f  Tumors (Dr. Richard Thoma), 
FeLV Vaccine (Leukocell) Study (Dr. Janet Scarlett), or Enteral Nutrition (Dr. G lenna Mauldin)

AND
Choose one o f two sessions in the afternoon —  Consumer Series (Reading Cat Food Labels, Dr. Francis 

Kallfelz; Litter Project Report, Dr. M ark Fink; Flea Product Evaluation, Dr. Susan W ade; Deodorizers and Home Cleaning 
Products, Dr. D avid Rosen) or Feline Ophthalmology (Dr. Thomas Kern)
Friday. August 10:

Choose one o f two sessions in the morning —  Radiology (Dr. Victor Rendano) or Surgery (Dr. 
James Flanders)

In the afternoon choose to attend one or all of the Clinic Rounds scheduled:
1-2 pm  Medicine I  (Dr. Bruce Walker)
2-3 pm  Dermatology  (Dr. Jocelyn W ellington)
3-4 pm Ophthalmology (Dr. Paul Scherlie)
4-5 pm  Medicine II (Dr. Erich Peterson)

Additional details on the Feline Specialist Seminar are available by writing Linda Ritzier, Office of 
Continuing Education, College of Veterinary Medicine, Ithaca, NY 14853 or calling (607) 253-3200.
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Research Briefs
Cardiopulm onary Effects o f  

H alothaneAnesthesia
The cardiopulmonary effects of halothane anesthesia 
were studied in eight cats. Parameters measured 
during each treatment included cardiac output, arte
rial blood pressure, pulmonary arterial pressure, heart 
rate, respiratory frequency, pulmonary arterial car
bon dioxide and oxygen, and pH. The studies in
cluded both spontaneous and mechanically controlled 
ventilation.

Results indicated systemic arterial blood pressure 
is significantly  reduced during deep halothane 
anesthesia and controlled ventilation. Arterial blood 
pressure was judged to be more useful for assessing 
anesthetic depth than cardiac or respiratory frequen
cies. (Resource: American Journal o f Veterinary 
Research 50:1729,1989.)

Relation of Soft-m oist Diets to H einz 
Body Form ation

The effect of propylene glycol, a common preserva
tive and source o f synthetic carbohydrates in soft-

C o rn e ll F e lin e  H e a lth  C e n te r  
C o rn e ll U n iv e rs ity  
C o lle g e  o f  V e te r in a ry  M e d ic in e  
Ith aca , N e w  Y o rk  1 4 8 5 3

moist pet food, was examined in cats over an eight- 
week period. During the first five weeks the cats were 
fed propylene glycol at concentrations found in 
commercial diets (12 percent) and for the remaining 
three weeks at concentrations far exceeding normal 
intake (41 percent).

Cats fed the 12 percent propylene glycol diet 
remained healthy, however they did experience a 28 
percent increase in Heinz body formation. Also eryth
rocyte reduced glutathione concentration increased. 
W hen the cats received the diet with 41 percent 
propylene glycol there was an increase o f Heinz 
bodies by 92 percent and the packed cell volume 
(PCV) gradually decreased from 34 percent to 26 
percent in 22 days. The decrease in PCV was accom
panied by punctate reticulocytosis and bone marrow 
erythroid hyperplasia.

The authors concluded that propylene glycol can 
even be harmful at the lower concentrations (i.e., 12 
percent) since the life span o f red blood cells was 
significantly decreased when as little as a 28 percent 
increase in Heinz bodies is present. (Resource: Jour
nal o f American Veterinary M edical Association 
194(8):1045-1056,1989.)


