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Introduction

Although the narcotic analgesics have long heen used in horses, there are few
descriptions of their actions in horses. A recently synthesized, highly potent
narcotic analgesic called fentanyl is reportedly widely used in racing horses in
the United States,? but little data as to its effects on the horse exists. Standard
textbooks of veterinary pharmacology have little information to offer on the
action of narcotic analgesics ger se in the horse,"® and one recent text even
classifies and discusses penfifizocine among the non-narcotic analgesics.®
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During the course of our work with fentanyl. it be-
came clear that fentanyl is a potent behavioral stimulant
in the horse. Fentanyl acts to induce u very clear-cut and
specific locomotor response in the horse. and this activity
lends itself to quantitation simply by counting the number
of steps the animal takes in a two-minute period. In this
paper we outline this method and show that it can be used
to characterize the locomotor responses to fentanyl and
apomorphine. Further work. to be presented later, shows
that this method can be applied to other narcotic and
central stimulant drugs.

Materials and Methods

Mature Thoroughbred or Standardbred horses of be-
tween four and 18 years of age and 400 to S50 kg body
weight were used throughout. The animals were kept at
pasture and brought into the specially shielded box stalls
at least 24 hours prior to each experiment. The box stalls
measured 13V feet square and had straw-covered earthen
floors. The bulk of the work reported here was performed
in these stalls, with plywood sheeting on the box griliwork
to reduce interaction with horses in other stalls. A small
glass window inthe plywood shielding of about 127 »x 12"
was used for observation. In addition, a single brick box
stall, well shielded from outside noise and equipped with
a metal door and one-way glass window, was available to
us. Data collected in this brick box stall was noticeably
less variable than that collected in the modified barn box
stalls. Prior to an experiment. all food and water buckets
were removed from the stall.

During the experimental period the horse was scored
for one event if he lifted his left leg and took a step.
Movements of the left leg not resulting in relocation of the
foot. such as scratching or pawing, were not counted. To
assist the observer in tracking these events the left leg of
the horse was wrapped in white tape. Each event was
tallied on a hand counter” and the cumulative score
logged every two minutes.”

The reliability and reproducibility of the observa-
tional measurement technique was verified by the use of
two independent observers in one of the experiments
concerning fentanyl (Figure 1). Percentage agreement be-
tween two observers was determined for each two-minute
period by dividing the smaller of the event totals by the
larger event total. These percentages were averaged
across 35 two-miriute periods and gave an overall percen-
tage agreement of 95.177%. The appropriateness of this
procedure was verified by calculating the correlation be-
tween the two observers’ scores. which yielded a 0.99R8
correlation coefficient.’ 4

" Veeder-Root, Inc.. Hartlord, ¢ F
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Figure 1. ’ Locomotor response to fentanyl, IV, scored by two

independent observers. A horse was injected with 0.02 mg/kg of
fentanyl IV and scored by two independent observers as outlined in
‘‘Methods."* The crosses (x) show counts as determined by Ob-
server A, and the open circles (O) show counts by Observer B.

The fentanyl citrate was supplied by McNeil
Laboratories. Fort Washington, PA. The apomorphine
hydrochloride was from Eli Lilly and Company. In-
dianapolis. IN, in which 6 mg tablets were dissolved in
sterile distilled water immediately before use.

Results

Early experiments on the administration of fentanyl
to horses utilized doses of about 1.0 mg/1000 Ibs, which
are reportedly used in racing horses.” With these doses no
consistent pharmacological effects were observed or re-
ported by trainers after double-blind administration ex-
periments to Standardbred pacers in training. However,
when the dose of fentanyl administered was raised about
five-fold to facilitate detection of the drug in kinetic ex-
periments in our laboratory, marked signs of tocomotor
stimulation were observed. This led to the development
of the procedure previously outlined for quantitating this
effect.

Figure 1 shows this method is highly reproducible
from observer to observer. In this experiment, a horse
was dosed with 0.02 mg/kg fentanyl 1V and scored by two
independent observers. Both scorers frequently assigned
the same score for each two-minute period with the mean
percent agreement being 92.5¢7. Correlation coefficient
between observers was 0.998.

This scoring method allows accurate characterization
of the response of individual horses. Figure 2 shows typi-
cal results which were obtained when a single horse was
dosed with normal saline and increasing doses of fen-
tanyl. On saline, the spontaneous locomotor activity of
this horse was usually about 4 steps/2-minute period ex-
cept for immediately after the 1V injection, and this pat-

¢ Personal communications. to T. Tobin and T. Shults.
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EFFECT OF FENTANYL ON SPONTANEOUS
MOTOR ACTIVITY IN A SINGLE HORSE
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Figure 2. Effect of fentanyl on locomotor activily in a single
horse. A horse was injected with saline or increasing doses of fen-
tanyl IV. The number of times the horse lifted its left front foot and
placed it in a different position in a two-minute period was re-
corded as an indication of locomotor activity. Activity following IV
saline injection is shown by solid circles (®- @); 0.001 mg/kg fen-
tanyl by open triangles (A); 0.005 mg/kg by open circles (O-0);
0.010 mg/kg fentanyl by open diamonds (<-); 0.020 mg/kg fen-
tanyl by solid triangles (A-4); and 0.040 mg/kg fentanyl by
crosses(x-x).

tern was consistent over the one-hour control period. The
lowest dose of fentanyl, 0.001 mg/kg or approximately 0.5
mg to a 1000 Ib horse, produced no observable behavioral
effects. A five-fold increase in dose produced a small (30
steps/2-minute period) increase in locomotor activity
which peaked at four minutes and then declined toward
the control level. Similarly, increasing doses produced
further increases in both the rate and duration of the re-
sponse, the effect peaking at about 110 steps/2-minute
period and then decaying away. In this particular horse,
no difference in response between the two highest doses
tested was seen.

Figure 3 shows the mean response of four horses to
the same doses of fentanyl. As previously, the pooled
points are well fitted by a single line and show very
smooth and reproducible dose and time response eftects.
Again, no effect was seen at the lowest dose tested, and at
all doses up to 0.02 mg/kg the locomotor response had
peaked between two and four minutes postdosing. At the
highest dose tested (0.04 mg/kg) all the horses in this
group became incoordinated and either staggered or fell
during the first six minutes. The time of peak response
was thus delayed by the incoordination produced at
higher doses. and the rate of locomotion was no higher
than that observed at 0.02 mg/kg.

EFFECT OF FENTANYL ON SPONTANEOUS
MOTOR ACTIVITY IN FOUR HORSES
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Figure 3. Effect of fentanyl on locomotor activity in four horses.
Horses were injected with saline or increasing doses of fentanyl 1V,
The average counts per two-minute period following saline injec-
tion are shown by the straight line near the bottom of the graph.
The response to 0.001 mg/kg fentanyl is shown by the open trian-
gles (3-3); 0.005 mg/kg fentanyl by open circles (7-0O); 0.010
mg/kg fentanyl by open diamonds (-- »); 0.020 mg/kg, solid
triangles (A-4); and 0.040 mg/kg fentanyl by crosses (x-x). At the
highest dose tested all horses showed a loss of coordination result-
ing in a decrease in locomotion during the first six minutes. All
points are the means of counts determined on four horses and the
vertical bars represent SEM’s.

Figure 4 shows the effect of apomorphine adminis-
tered intravenously on spontaneous locomotor activity in
three horses. A dose of 6 mg produced no significant al-
teration from control, while 18 mg produced a small (four-
told) increase in locomotion. Increasing the dose to 30 mg
produced a very sharp increase in the response to
apomorphine, with the peak rate of about 150 steps/2-
minute period. This response shows that these horses in
their stalls are capable of a peak locomotor response con-
siderubly greater than the peak observed with fentanyl,
suggesting that the ceiling to this response observed with
tentanyl is an inherent property of the drug and not a
limitation of the experimental method.

Figure § shows the response obtained when horses
were dosed subcutaneously with fentanyl. Two horses
showed behavioral responses which were essentially
baseline responses, only one of which is plotted for the
sake of clarity. Three horses showed clear behavioral re-
sponses. Of these responses, two were erratic, while one
was a relutbively smooth response. All of these responses
peaked between 20 and 30 minutes after dosing, as com-
pared with four minutes after 1V administration. It ap-
pears that after subcutaneous administration, the be-
havioral response to fentanyl 1s delayed. erratic and much
less intense than ofter its IV adminmstration.
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EFFECT OF APOMORPHINE
ON SPONTANEOUS MOTOR
ACTIVITY IN THE HORSE

1 T
160 | -
o
\ 4 6mg
8 a o8 mg
a
W 120 | \ 930 mg
Wi
—
=
= []
=
g 80 —
—
[
t
a
%)
=2
g1 | .
oS
L SALINE
CONTROL
A
OE a28%50 %4 =

0 15 30
MINUTES POST APOMORPHINE

Figure 4. Effect of apomorphine on locomotor activity in the
horse. Three horses were injected with saline or increasing doses of
apomorphine. The average counts per two-minute period following
saline injection are shown by the straight line at the bottom of the
graph. The response to 6 mg apomorphine is shown by the open
triangles (1); 18 mg apomorphine by open circles ¢ - ); 30 mg
apomorphine by open squares (i - ). All points are the means of
counts determined on three horses.
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Figure 5. Locomotor response to subcutaneous dosing with fen-
tanyl. Horses were dosed subcutancously with 0.020 g 'kg fen-
tanyl. Three representative responses are shown by the open
squares (I -1 7). open triangles (1-3) and solid circles (®-@). The
dotted line (. . . .} is the mean response of five horses. The dashed
line (- - - -) is the Inean response to the same dose administered IV,
replotted from Figure 3.

Discussion

‘The results presented here show that the simple
step-counting procedure described in **Methods™ allowed
accurate and reproducible guantitation of the stimulant
effects of w narcotic drug in the horse. The equipment
required for this method was minimal, consisting of a
shielded stalt, a stopwatch, event counter, and some
white tape. The event counted s unambiguous and the
consistency of counting between observers is excellent
(Figure 1), In order to insure that behavioral measure-
ment procedures involving human observers are reliable
and replicable. the determination of agreement hetween
independent observers is essential. In addition. a detailed
description of the rating and scoring procedure is also
necessary.' Using this method. the motor responses to
both fentanyl and apomorphine in the horse were charac-
terized. Both of these drugs produced a sharp increase in
motor activity which peaked within minutes and then de-
clined. The intensity and duration of the response was
dose-related. and peak responses of up to 40 times
baseline fevels were observed. For fentanyl, this response
wis Jimited by the action of this drug at high doses to
cause incoordination. The response to high doses of
apomorphine. which did aot cause incoordination, was
greater than that of fentanyl. showing that the fentanyl
response was himited by factors associated with the action
ol the drug on the horse and not by any limitation of the
measuring method. The data. in general. show little scat-
ter (Figure 2). and pooled data (Figure 3) form a very
usetul representation of the pharmacological action of
these drugs. With minor changes in handling and pre-
sentation ol data, this method is being used to characterize
the locomotor responses to a representative cross section
of narcotic drugs and central stimulants in the horse.

This method makes quite clear the fact that fentanyl
is a potent locomotor stimulant drug in the horse. Our
information {rom supposedly knowledgeable track
sources on this subject was contradictory. and the
“California Rules of Racing™ has listed fentanyl as a de-
pressant drug.” In contrast with these reports. fentanyl in
our hands was a very potent and, if given 1V, reliable
and effective stimulant of certain behavior. The spon-
taneous activity of our horses at the lowest dose tested
(0.001 mg/kg) was not significantly different from that
observed alter saline injection. so any depressant effect of
fentanyl must occur at doses lower than this, Increasing
the dose to 0L00S mgrhg showed clear-cut behavioral
stimulation which was seen at all doses tested up to 0.04
mgikg. At 0.04 mg/kg these horses were initially incoor-
dinated and tell, but the incoordination was clearly as-
sociated with signs of central nervous system (CNS) stimu-
lation.
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The time course of the pharmacological action of fen-
tanyl after its rapid 1V injection, combined with its high
lipid solubility, suggests that the onset and offset of the
actions of fentanyl after its 1V administration are primar-
ily due to a **bolus’" effect. Thus, when injected rapidly
1V the delay in onset of drug action is small (< | minute).
The peak of drug effect occurs rapidly, within two to four
minutes, and the drug effect is over within 60 minutes.

This time course of action suggests that rapid entry of

fentanyl into the brain from a high concentration **bolus"
of drug in the blood is responsible for the initial sharp
peak of drug effect, and that the pharmacological action
of fentanyl is terminated primarily by redistribution of the
drug from the CNS and not necessarily by metabolism.
These suggestions are supported by observations of Fig-
ure 5, which show that the pharmacological response to
fentanyl after its subcutaneous administration is erratic
and slower in onset, with peak drug effect taking between
20 and 30 minutes to develop. It appears likely, therefore,
that the smooth, sharp. and highly reproducible charac-
teristics of the phafmacological response to 1V fentanyl
are primarily determined by swift administration of the 1V
dose and the characteristics of cerebral blood flow.

These interpretations are well supported by studies
on the pharmacokinetics of fentanyl in man and rabbits.**
In these studies the pharmacokinetics of fentanyl were
best described by a three-compartment model. In this Sys-
tem, the first compartment was assumed to be blood, in
which fentanyl concentrations fell to very low levels
within about five minutes. The second compartment was
thought to be well perfused lipophilic tissues (such as
brain), where fentanyl is taken up in high concentrations
between about five and 20 minutes. This time course cor-
responds approximately with the behavioral effects ob-
served in Figures | through 3, suggesting that a similar
mechanism operates in the horse. Finally, the third phase

lasts from about 20 minutes on. This phase consists of
redistribution to poorly perfused tissues and transforma-
tion and elimination of the drug, and is not associated
with any clear-cut behavioral eftects.

The tact that the pharmacological actions of fentanyl
after its 1V administration are determined by redistribu-
tion makes fentanyl a highly suitable drug for behavioral
experiments in the horse. It means that repeated doses of
fentanyl can be given over a short period, with minimal
danger of error due to drug cumulation. Experiments
utilizing this principle uare in progress. Because the
locomotor response is short, the behavioral question
posed by challenge with fentanyl is rapidly answered,
which makes fentanyl a useful ool to probe behavior and
drug effects in the horse.

The relationship between the behavioral responses
reported in this paper and the analgesic effects due to
fentanyl are not clear, but is likely to be close. Because
this behavioral response to tentany! is blocked by
naloxone (experiments in progress), its expression re-
quires occupancy of narcotic receptors in the CNS."™ Be-
cause fentunyl is a highly lipid soluble drug** it is likely
to have access to all narcotic receptors in the CNS. It is
therefore not clear from these experiments whether or not
the behavioral effects are due to etlects on opiate recep-
tors, which specifically produce motor responses, rather
than analgesia. Nevertheless, it is encouraging to note
that in the human, peak analgesia alter fentanyl occurs
within three to five minutes and lasts tor about 30 to 60
minutes.” The correlation between this time course and
that observed in Figures 1 through 3 is striking. 1t appears
possible, therefore, that the dose response and time
course of the analgesic response due to tentanyl in the
horse may be very similar to that of the motor response
measured in this report.
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