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The use of analgesics for pain management is an integral com-

ponent of clinical veterinary medicine. Recent studies

systematically have evaluated postoperative analgesics in a vari-

ety of domestic species (1–10). However, less is known about the

effects of analgesics in less traditional species such as the domes-

tic ferret (Mustela putorius furo).

An objective understanding of normal behavior of a particu-

lar species and the ability to differentiate the presence of

abnormal behavior indicative of discomfort are crucial to the

study of pain and analgesia (11–13). Methods for assessing pain

in animal species include the adaptation of rating scales devel-

oped for evaluating pain in human infants (11, 14–16). These

scales lessen observer bias and subjectivity but often are context-

or species-specific and require extensive training in behavioral

observation (11). In addition, physiologic parameters such as

heart rate, respiratory rate, blood pressure, and plasma cortisol

and/or catecholamine concentrations have been used to assess

response to pain in humans and nonhuman species. Monitor-

ing these parameters traditionally has been considered to be

more objective than detailing behavioral observations; however,

confounding variables can contribute to changes that mimic the

effects of pain (7,17). Correlation of physiologic parameters and

behavioral patterns associated with a painful event likely will

improve evaluation of analgesic efficacy.

Preemptive analgesia is thought to prevent the physiologic

sensitization of pain pathways in the central nervous system,

thereby lessening hyperalgesia (increased pain response) to a

noxious stimulus (18). In addition, preemptive analgesia reduces

the overall dose required to induce and maintain surgical anes-

thesia and provides post-operative analgesia (18).

Opioids are commonly administered analgesic agents that can

be used systemically or epidurally. Intramuscular administration

of opioids is effective at reducing or eliminating post-surgical

pain. However, epidural administration of opioids prolongs the

duration of action, causes minimal or no sedation, and reduces
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Abstract _ We evaluated the analgesic efficacy of epidural morphine for relieving postoperative pain in domestic ferrets by

evaluating behavior and fecal cortisol concentrations. The 12 laboratory-reared, intact, female, domestic ferrets were anesthetized

then underwent ovariohysterectomy and bilateral anal sacculectomy. Using a double-blind procedure, we provided epidural mor-

phine (0.1 mg/kg) to six ferrets and epidural saline (0.1 mL/ferret) to the remaining animals prior to surgery. Compared to the

animals that received saline, the morphine-treated ferrets were more likely to have attenuated pain responses, and they returned

more rapidly to preoperative behavior. Although fecal cortisol concentrations during the first 24 h after surgery increased in all

animals, the increase was statistically significant only in the ferrets that received saline epidurals. These data suggest that morphine

epidurals administered to ferrets prior to surgery may attenuate both the physiologic and behavioral manifestations of surgically

induced pain.

the risk of cardiopulmonary depression associated with systemic

administration (8, 19–22).

We used physiologic and behavioral parameters to evaluate

the postoperative analgesic effects of epidural morphine in fer-

rets undergoing ovariohysterectomy and anal sacculectomy. We

selected ferrets as the experimental subjects because of their

common use as laboratory research animal models, their popu-

larity as pet species, and their potential as a model for comparing

fecal cortisol concentrations with those of the endangered black-

footed ferret.

Materials and Methods
Pilot studies. We conducted two pilot studies: one examined

changes in fecal cortisol concentrations associated with surgery

in ferrets, and the other focused on objectively defining ferret

behavior before and after surgery and in a hospital setting. In

the fecal cortisol pilot study, six ferrets (four females and two

males) underwent castration or ovariohysterectomy and bilat-

eral anal sacculectomy. Prior to surgery, we gave morphine

epidurals to two of the female and one of the male ferrets; the

remaining animals received saline epidurals. Feces were collected

for cortisol evaluation for 7 days before through 7 days after sur-

gery. The results were compelling: fecal cortisol concentrations

decreased from day -1 to day +1 (surgery occurred on day 0) in

the ferrets that received morphine epidurals but increased on

day +1 in the ferrets that received saline epidurally.

During the behavioral pilot study, four female ferrets under-

went ovariohysterectomy and bilateral anal sacculectomy; two of

these animals received preoperative epidural morphine, whereas

the others received saline. We videotaped and evaluated their

behavior for approximately 24 h before and 24 h after surgery.

From this study, we developed an ethogram of normal and post-

operative ferret behavior. In addition, we determined that the

morphine-treated ferrets were more inquisitive and ambulatory

earlier after surgery than were those that received saline. The

morphine-treated animals began to eat and drink sooner and

displayed fewer or less prolonged “pain-related” behaviors than

did controls.

Subjects. The population for the main study comprised 12

adult, intact, female ferrets (Mustela putorius furo), which were

acquired from a commercial breeder (Marshall Farms, North

Rose, NY). The ferrets weighed 0.74 to 0.92 kg (mean 6 1 SD,
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0.81 6 0.06 kg), and all appeared healthy prior to the study in

light of results from pre-operative physical examinations. All fer-

rets had been vaccinated against canine distemper and rabies,

were housed in standard, stainless-steel laboratory cages, were

maintained on an automatic 12:12 h light:dark cycle, and re-

ceived commercial dry ferret kibble (Marshall Farms, North Rose,

NY) and water ad libitum. The ferrets were acclimated to this

housing situation for 2 days prior to the beginning of fecal col-

lection.

Study design. We used a between-subjects, double-blind ex-

perimental design. Using a random number generator, one

investigator assigned six ferrets to a group that received preser-

vative-free morphine sulfate epidurally (0.1 mg/kg,

approximately 0.1 mL; Duramorph®, Baxter Healthcare, Glen-

dale, CA). The remaining six ferrets comprised a control group

that received preservative-free, sterile 0.9% sodium chloride

epidurally (0.1 ml/ferret; American Regent Laboratories, Inc.,

Shirley, NY). Each ferret was premedicated with a single intra-

muscular dose of acetylpromazine (0.1 mg/kg; Butler Co.,

Columbus, OH), mask-induced with 4 to 5% isoflurane in oxy-

gen, intubated, and maintained on isoflurane (2 to 3%

anesthetic, 1 L/min O
2
 ). Ventral abdominal, perianal, and cau-

dal lumbar sites were prepared by using sterile techniques (23).

An investigator, who was blinded as to the treatment group,

performed the epidurals in the anesthetized animals prior to

surgery by using a 25-gauge needle inserted into the epidural

space at L7-S1. To this end, the patient was placed in sternal

recumbency after sterile surgical preparation, and the investiga-

tor palpated the two most prominent dorsal aspects of the wings

of the ilea then visualized a transverse line connecting these two

points. The dorsal spinous process of L7 lies very near this line.

Caudal to L7 is the dorsal spinous process of S1, which is much

shorter than the L7 process. The investigator positioned the

needle exactly on the midline with the bevel facing craniad, and

the needle was advanced perpendicular to the plane of the skin.

Correct placement was confirmed by lack of blood in the needle

hub and by lack of resistance to injection of a small (0.1 mL) air

bubble. If injection of air caused the skin to bulge, the investiga-

tor advanced the needle until it fully penetrated the ligamentum

flavum. The investigator then administered the dose.

Once the epidural was administered, final ventral abdominal

surgical preparation was completed. Veterinary students using

standardized protocols (24) completed routine ovariohysterec-

tomy and bilateral anal sacculectomy in the ferrets. All pre- and

postoperative behavioral data and fecal samples were collected

by an investigator blinded as to treatment group. Fecal samples

were collected from the cage of each ferret at the same time

each day for 6 days before through 6 days after surgery. All

samples were labeled with cage number, animal number, and

date of fecal collection and were frozen immediately.

Behavioral observations. In the main study, we used a subset

of relevant behaviors (Table 1) from the ethogram developed

during the behavioral pilot study. To assess behavior, we video-

taped 1 min of spontaneous behavior; this segment was followed

by a standardized interaction sequence of 1 min, during which

the investigator opened the cage door, held an interactive ob-

ject (a realistic toy white mouse with red eyes that was attached

to two keys) approximately 8 in above the head of the ferret,

and shook the object for 10 s. We then recorded a final minute

of spontaneous behavior. We recorded this sequence twice pre-

operatively and at 3, 7, 11, 15, 19, 23, and 25 h after completion

of surgery.

To evaluate general activity, we combined several behaviors

into a duration of activity measure (explore environment, eat,

drink, and play), and we determined the time needed to rees-

tablish preoperative activity levels during the postoperative

period. We evaluated duration of sleeping as a measure of inac-

tivity. We evaluated several non-interactive behaviors (Table 1)

during the first and third minutes of the videotaped behavior

sample. We recorded sedation and pain scores, which were based

on preconstructed scales established for this study (Tables 2 and

3), for each ferret during each videotaped segment. Food and

water were reinstated for the ferrets beginning 1 h after surgery.

Extraction of fecal cortisol. Assays were performed at the Re-

productive Physiology Laboratory of the Toronto Zoo. Daily fecal

samples were thawed and thoroughly mixed within their plastic

collection tubes. A sample of 0.5 g wet feces was added to 2.5 mL

90% methanol in a 5-mL polypropylene tube. After being mixed

with a spatula, the sample was vortexed for 1 min then shaken

on a mechanical rotator (Platelet Mixer, Fisher Scientific, Fair

Law, NJ) for 2 h. Afterwards the samples were centrifuged for 10

min at 3500 rpm, and the supernatant was stored in a polypro-

pylene tube at -208C until the assay could be performed.

Fecal cortisol assay. Prior to cortisol analysis, 20 mL of each

prepared supernatant was submersed in a 378C waterbath, dried

under a stream of nitrogen gas, and then resuspended in 200

mL enzyme immunoassay (EIA) buffer (0.1 M phosphate-buff-

ered saline with 0.1% bovine serum albumin, pH 7.0). Fecal

cortisol concentrations were quantified in EIAs by using a rabbit

polyclonal antibody to cortisol. The polyclonal antibody was di-

luted 1:8500 in coating buffer (50 mM sodium bicarbonate, pH

9.6), and the cortisol-horseradish peroxidase (HRP) conjugate

was diluted 1:20,000 in EIA buffer (25). Standards prepared in

EIA buffer ranged from 0 to 1000 pg/well, and the control was

diluted 1:4 and 1:20. The cortisol control stock was urine col-

Table 1. Ferret ethogram for behavior during hospitalization

(adapted from Hardie et al., 1997)

Non-Interactive Behavior

Ingestive Behavior

Eat

Drink

Solitary Behavior

Urinate

Defecate

Explore Environment

Approach Cage Door

Self-Groom

Lick Incision

Sleep

Pant

Labored or Restricted Breathing

Bare Teeth: Partially open mouth, with dorsal elevation of upper

lip to expose upper incisors and canines.

Tremble

Droopy: Head down, eyes partially closed or dazed, appears

fatigued

Vocalize

Play

Attenuated Movement: Reluctance to rub/drag abdominal

incision over edge of objects in cage (e.g., nest box).

Interactive Behavior

Oblivious to Environment: Non-responsive to interaction

Droopy Appearance: Head down, eyes partially closed or dazed,

appears fatigued

Approach: Clear movement toward an object; can be partial

movement of body toward object

Investigate/Explore: Usually consists of sniffing/nuzzling object

Interact: Grasping, biting, or playing with object

Head Lift

Hunched Posture

Orient: Look in the direction of an object

Startle

Avoid: Can occur with or without an approach.

Aggression: Usually a bite attempt
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Table 3. Pain scale (adapted from Hardie et al., 1997)

Pain Score

0 No Pain Appears relaxed and freely moving; normal attention to environment; playful,

inquisitive, interactive.

1 Mild Pain Slight restriction of movement; occasionally licks incision sites; generally quiet attitude.

2 Moderate Pain Restriction of movement; hunched posture or attenuated movement when incision site

rubs on cage objects; excessive licking of incision sites; regular shifting of position;

occasionally trembles.

3 Marked Pain Tense or hunched posture; not moving; constant trembling; labored breathing; fixed

stare; baring of teeth; aggressive; little to no interest in environment; no response to

interaction.

Table 2. Sedation scale (adapted from Hardie et al., 1997)

Sedation Score

0 Fully Alert No apparent sensory or motor deficits; behavior similar to that prior to preanesthesia.

1 Minimally Sedate Capable of standing or walking; may have barely noticeable sensory or motor deficits;

may be minimally ataxic or disoriented.

2 Mildly Sedate Capable of standing but clearly ataxic or disoriented; able to hold head up and orient.

3 Moderately Sedate Maintains recumbency and does not stand; will raise head but may not orient.

4 Markedly Sedate Relatively nonresponsive; does not raise head.

FIG. 1. Pre- and postoperative pain scores of ferrets receiving presurgical

morphine or saline lumbosacral epidurals. *Significant differences

(Mann-Whitney U signed-rank test statistic; P , 0.05) between treat-

ment groups.

lected from a single male wood bison during the fall rut.

A 50 mL-aliquot of antibody was used to coat each well of a

microtiter plate, which was covered by using an acetate plate

sealer and incubated overnight (14 to 18 h) at 48C. To remove

unbound antibody, plates were rinsed five times in a Dynatech

Ultrawash II microplate washer (Dynex Technologies, Chantilly,

VA) by using 0.15 M NaCl containing 0.05% Tween 20. Plates

were blotted dry to ensure removal of excess wash solution. We

then added 50 mL aliquots of cortisol standards, controls, and

samples to separate wells of the plate, which we immediately fol-

lowed by the addition of 50 mL cortisol-HRP to each well. We

used two wells that were loaded with HRP only as blanks for cali-

bration. Plates were covered with an acetate plate sealer and

incubated for 1 h at room temperature.

After incubation, the plate wells were washed five times with

the NaCl/Tween 20 wash solution to remove unbound cortisol-

HPR, and the wells were patted dry. Immediately after

preparation, 100 mL substrate buffer [0.4 mM azino-bis(3-

ethylbenzthiaxoline-6-sulfonic acid) with 1.6 mM H
2
O

2
 in 0.05

M citrate solution, pH 4.0] was pipetted into each well. Plates

were tapped slightly to settle the substrate, sealed with an ac-

etate plate sealer, and shaken on a rotator at room temperature

for approximately 30 min. The optical density of the wells at 405

nm was read by using an MRX plate reader (Dynex Technolo-

gies, Chantilly, VA) interfaced with a personal computer.

Data analysis. Postoperative complications unrelated to the

analgesia study resulted in incomplete data collection from one

ferret in each experimental group. These animals were excluded

from their respective cohorts, and statistical comparisons exam-

ined data on five ferrets in each group. Most behavioral data

were recorded as spontaneous occurrences, with a value of “1”

for a positive occurrence and a value of “0” as a non-occurrence.

Select behaviors (sleeping, exploring, playing, eating, and drink-

ing) were recorded as duration measures in s. During the minute

in which the investigator interacted with the ferret, behavioral

data were recorded as occurrences directed toward or oblivious

to the interactive object. We used cumulative frequencies, which

were calculated at each pre- and postoperative time point for

collection of behavioral data, to represent preoperative explo-

ration of interactive object, postoperative return to food and

water consumption, trembling, labored respiration, attenuated

movement, head lifting to interactive object, orienting to inter-

active object, approach to interactive object, and exploration of

interactive object. Data were analyzed by using a computer soft-

ware package (Statview 5, SAS Institute, Cary, NC). A Mann-

Whitney U sign-rank test statistic was used to analyze differences

between treatment groups (26). We used a Wilcoxon signed-

rank test statistic to compare pre- and postoperative behavior

within a group and to compare differences in mean and percent

change in fecal cortisol concentrations from 24 h before to 24 h

after surgery (26). Differences at which P , 0.05 were consid-

ered statistically significant.

Results
Median sedation scores were significantly higher postopera-

tively than preoperative for all but the last time points for ferrets

in the control group and for all but the 7- and 11-h postopera-

tive time points for ferrets receiving morphine. In addition,

median sedation scores did not differ between treatment and

control groups at any postoperative time point. In contrast, fer-

rets in the control group had significantly higher median pain

scores than did animals in morphine group at all but the first

two postoperative time points (Figure 1). For ferrets in the con-

trol group, pain scores tended to increase over time during the
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FIG. 3. Pre- and postoperative cumulative frequencies of water consump-

tion by ferrets receiving presurgical morphine or saline lumbosacral

epidurals.

FIG. 4. Pre- and postoperative cumulative frequencies of approaching/

exploring the interactive object by ferrets receiving presurgical morphine

or saline lumbosacral epidurals.

25 h after surgery. In comparison, pain scores for morphine-

treated animals consistently were lower at all time points after 3

h post-surgery.

Before surgery, ferrets spent approximately 40% of time en-

gaged in active behavior and approximately 60% of the time

sleeping. Ferrets in the morphine group consistently were active

sooner and for longer durations during the first 15 h after sur-

gery than were controls, but these differences were not statistically

significant. Compared to that before surgery, the activity of fer-

rets in both groups was significantly (P , 0.05) more likely to be

reduced during the first 3 h after surgery. After 19 h of recovery,

activity levels had returned to 74% of preoperative levels in the

morphine-treated animals, and the activity of the control group

was 32% of that before surgery (Figure 2).

Eating was a highly variable behavior in the study design we

used. Only 4 of the 10 evaluable ferrets were observed eating

during the preoperative sampling period. After surgery, two of

the five ferrets in each group were observed to eat during the

25-h postoperative observation period. The two ferrets from the

morphine group ate much earlier than did the control animals.

In addition, four of the five evaluable ferrets in the morphine

group had drunk by 15 h after surgery, compared to one of the

five evaluable ferrets in the control group (Figure 3).

We noticed labored respiration in two of the morphine-

treated ferrets but in four of the control animals. In addition,

all five ferrets in the control group displayed trembling during

the 25-h postoperative period. Interestingly, the two morphine-

treated ferrets that had labored respiration were the most alert

and active ferrets during the entire postoperative observation

period. We did not note the labored breathing patterns in these

two ferrets until 20 h after surgery, and this sign may have been

due to breakthrough pain associated with the waning effects of

the morphine.

During the postoperative period, we noted attenuated move-

ment upon rubbing of the incision on the edge of the nest box

in two of the ferrets in the morphine group but in four of the

control animals. Most of the ferrets in both groups displayed a

droopy appearance and licking of the incision at least once dur-

ing the postoperative period. However, two ferrets in the saline

group spent more time licking their incisions than did all other

animals.

During the preoperative interactive sessions, all 10 ferrets ori-

ented toward, approached, and explored the interactive object.

After surgery, animals in the morphine group tended to approach

and explore the interactive object at an earlier time than did

ferrets in the saline group (Figure 4).

Fecal cortisol concentrations in both groups (preoperative,

66.5 6 34.2 ng/g) increased at 24 h after surgery (morphine

group, 190.2 6 160.9; saline group, 154.5 6 107.2 ng/g) then

returned to preoperative concentrations by 48 h after surgery.

However, the increases for most of the control ferrets were

greater than those for most of the morphine-treated animals.

The increase varied greatly among animals in the morphine

group (Figure 5).The mean percentage change in fecal cortisol

concentration from 24 h prior to surgery to 24 h afterward was

+41.4 6 50.9% for the morphine group and +56.2 6 26% for

the control group.

Discussion
Our studies suggest that preemptive caudal lumbar morphine

sulfate epidurals attenuate postoperative pain in ferrets. Our

data are consistent with those obtained during evaluation of

the efficacy of morphine epidurals in dogs (6, 8, 22), goats (27),

and humans (28). We did not document any untoward side

effects associated with administration of morphine epidurals

during our study.

Administering lumbosacral epidurals in anesthetized ferrets

FIG. 2. Pre- and postoperative mean (with standard deviation bars)

duration of activity during 3 min focal behavioral sample periods of

ferrets receiving presurgical morphine or saline lumbosacral epidurals.

*Significant differences (Wilcoxon signed-rank test statistic; P , 0.05)

within treatment groups from pre-surgery to 1 and 3 h post-surgery.



37CONTEMPORARY TOPICS © 2000 by the American Association for Laboratory Animal ScienceVolume 39, No. 6  / November 2000

is relatively simple. The anatomy-associated signs typically en-

countered when establishing epidurals in domestic dogs (e.g.,

the distinctive “popping” sensation associated with penetration

of the interarcuate ligament) are absent during the equivalent

ferret procedure. Frequently (but not universally), the ferret’s

tail will move as the 25-gauge needle engages nerve tissue. The

epidural space is clearly identified by the lack of resistance to

injection of air. During our experience of performing this pro-

cedure in approximately 40 ferrets, we have not observed

cerebrospinal fluid in the hub of the needle.

Control ferrets more frequently exhibited several behaviors

consistent with pain (e.g., restricted/labored respiration patterns,

trembling, and attenuated movement over cage obstacles) than

did animals that received morphine epidurals. In the pilot stud-

ies, we observed that ferrets with an abdominal midline

ovariohysterectomy incision were reluctant to pull themselves

over the edge of their nest box in order to explore their envi-

ronment. We referred to this behavior as attenuated movement.

All saline-treated animals showed attenuated movement, as did

two ferrets that received morphine epidurals; attenuated move-

ment in the morphine-treated animals may have been a function

of breakthrough pain secondary to the waning effects of mor-

phine. Other pain-related behaviors, such as trembling and

labored respiration, were observed more often in control ferrets

than morphine-treated animals.

One particular postoperative behavior of ferrets without anal-

gesics has been the display of bared teeth. This behavior was

only expressed in control ferrets and appeared in conjunction

with a constellation of behaviors typically associated with pain,

including trembling, labored breathing, and licking of the inci-

sion. In the present study, this bared teeth display was observed

only once, in a control ferret attempting to defecate. The low

frequency of the bared teeth display in the present study may

have been due to the short duration of the focal behavioral sam-

pling. Other behaviors traditionally associated with postoperative

pain, such as incisional licking, droopiness, and obliviousness

were observed in most of the ferrets during postoperative obser-

vations, regardless of treatment group. The droopy and oblivious

behavior may be consistent with sedation or sleep-wake cycles as

we described earlier. As the postoperative time progressed, the

effects of the morphine may have subsided, as the ferrets in the

morphine epidural group began to exhibit behavior more simi-

lar to that of animals in the control group. The incidence of

incisional licking, commonly used as an indicator of pain in dogs

and cats (1, 11), did not differ between groups.

Although the duration of post-surgical sedative effects appears

to be prolonged in ferrets compared to that in dogs and cats,

this difference may be a function of species-specific activity pat-

terns. Sedation is difficult to evaluate qualitatively in ferrets

because they normally spend many hours daily in deep sleep.

Although sleep-wake cycles have not been systematically estab-

lished in ferrets, behavioral observations suggest that ferrets sleep

16 to 18 h daily, and sleeping bouts are intermittent and scat-

tered throughout a 24-h period (29). A typical pattern in a ferret

is a short burst (15 to 60 min) of activity followed by a couple of

hours of sleep. Our pre-surgical behavioral data suggested that

ferrets spend approximately 60% of their uninterrupted time

sleeping. We did not attempt to document sleep-wake cycles,

but all ferrets in our study were more sedate after surgery than

before. This overall pattern of postoperative sedation in ferrets

is consistent with patterns reported in dogs and cats undergoing

surgical procedures (1, 3, 17, 30).

Consumptive behavior frequently is used for assessing the pres-

ence of pain in animals (1, 11, 18, 31, 32). In the present study,

ferrets receiving epidural morphine were observed to eat and drink

sooner after surgery than controls. The reestablishment of con-

sumptive behaviors after surgery may be particularly salient in

species with high metabolic rates, such as rodents, rabbits, ferrets,

and birds. Ferrets normally eat and drink many times during a 24-

h period (29). More frequent sampling of postoperative behavior

and quantitative measures of food and water consumption per-

haps would have yielded a more complete picture of the

resumption of consumptive behaviors by the ferrets in our study.

Fecal cortisol concentrations increased immediately after sur-

gery in both groups of animals, but the increase during day 1 after

surgery was statistically significant only in the control ferrets. This

statistical inequity was a function of individual variability in fecal

cortisol concentrations. Fecal cortisol concentrations actually de-

creased from 1 day pre- to 1 day post-surgery in one ferret from

the morphine group and minimally increased in another. Plasma

cortisol concentrations have been used as physiologic support for

the presence of postoperative pain and distress in dogs and cats

(1, 17, 33, 34). However, evidence for analgesic agent-associated

attenuation of the peri- and postoperative plasma cortisol rise is

equivocal (34). Evaluating fecal cortisol concentrations as indica-

tors of peri- and postoperative stress and pain has the obvious

advantage over monitoring plasma cortisol of eliminating invasive

experimental manipulations (e.g., regular blood sampling), which

can confound results. Fecal cortisol concentrations positively cor-

related with plasma cortisol concentrations in domestic cats (35).

In addition, these same cats excreted increased concentrations of

cortisol in their urine and feces between 24 and 48 h after receiv-

ing an ACTH stimulation test. With more frequent sampling

patterns, fecal cortisol concentrations may be useful indicators of

pain and/or distress in ferrets.

Evaluating pain in any animal species is difficult due to a gen-

eral lack of a clear definition of pain. Behavioral approaches

require that each species be evaluated independently by using

species-specific behaviors relevant for the context in which the

behavior is being expressed and observed. In the present study,

we demonstrated that preoperative morphine epidurals attenu-

ated the expression of postoperative pain-associated behavior in

female ferrets undergoing combined ovariohysterectomy and

bilateral anal sacculectomy. This conclusion was accomplished

by objectively defining and describing context-specific, ferret

behavior patterns. In addition, fecal cortisol concentrations pro-

vided a noninvasive methodology for evaluating physiologic stress

associated with surgical procedures in ferrets. Simultaneous as-

sessment of objectively defined behavioral parameters as well as

of physiologic measures for determining postoperative pain and

analgesia is superior to assessing either modality individually.

The ability to observe and objectively evaluate pain-related be-

FIG. 5. Individual ferret fecal cortisol concentrations expressed as per-

cent change from 24 h before to 24 h post-surgery.
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haviors is crucial to rational management of postoperative pain,

and routinely providing analgesics to attenuate postoperative

pain in ferrets should be considered standard practice.
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