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SUMMARY

Most information available on the behavioral effects of drugs in
horses comes from subjective evaluations. Because of this, these
studies are often difficult to replicate and involve drug dosages which
produce clear-cut clinical signs of medication. Operant conditioning,
however, provides an objective and reproducible means of evaluating
drug effects in horses at doses which produce no overt clinical effects.

Variable interval (VI) scheduling is a specific type of operant condi-
tioning now being used in our laboratory. This method yields a stable
baseline of behavior which is sensitive to drug effects on the CNS, and
the results obtained are objective and easily reproduced.

Horses were trained to break an electric eye for food (30 ml of oats)
reinforcements. A constant rate of responding was established in
horses when reinforcements were given on a random time schedule
(Variable Interval). This response rate was shown to be significantly
( 507%) depressed for up to 12 days after a single dose of 5 mg reser-
pine (Serpasil®} intravenously (IV) to a 500 kg horse. Despite this pro-
tracted behavioral depression, all horses eventually returned to the
pre-drug control rate of respanding. This behavioral effect persisted
long after the clinical signs of reserpinization, which had abated by 72
hours post dosing.

From the Kentucky Equine Drug Reseurch Dragrena, Department of Velerinny
Science, College of Agricultwre, University of Kenhuckw: **The Velerans Ad-
minishtion Hospital, Lexington, KY, wnd the Grndate Toviology Provram,
University of Kentucky, Lexington, KY d05.4¢6.

Publication No. 58 from the Kenticky Equine Drre Rescareh and Lesting Dro-
grant Department of Veterinary Science, University of Kenfikw, Levington. KY
J0540. Published as Kenhicky Agricultiral Experiment Station Avticle N
78-4- with the permission of the Dean amd Divecter, College of Avvivudinee.

Supported by w grant from the Kenteky Equoinie Research T oo,

All fignres reproduced by permission of Fhe Joronal of Lagrane NMedioe and
Surgerv,

e il b - s

,..

s&



R *Y

The rate o responding in VI was significantly increased by cocaine.
Cocaine administered directly betore 30-minute sessions, at doses as
low as 0.001 mg/kg IV, significantly increased the overall response
rate. This dose is tar below that required to elicit subjective signs of
CNS stimulation. -

Operant methods can, theretore, be a valuable tool in objectively

- measuring the ONS etfedts of “subclinical” doses of a wide spectrum

of psychotropic agents and may unmask currently undetected central
effects of other therapeutic agents and procedures.

INTRODUCTION

The most pertinent type of behavioral study on which equine
medication rules might be based is the performance study. Unfor-
tunately, performance studies are both expensive to carry out, rarely
yield usetul data, and are not often independently replicated to con-
firm results.' As a part of the Kentucky Equine Drug Research pro-
pram, we are developing alternate methodologies which may be sen-
sitive and objective indicators of behavioral effects of drugs in the
horse.

The operant method we are using examines drug effects on a con-
trolled rate of conditioned responding maintained by a variable inter-
val schedule of food presentation. A behavior such as this, maintained
by its consequences, is defined as operant behavior.? The technique of
studying operant behavior was developed by B. F. Skinner in the early
1950's and since that time a great deal of work has been done on a
variety of different animals. However, this is the first report of such
methodologies being applied to the study of drug effects in the horse.

MATERIALS AND METHODS

HORSES: Mature Thoroughbred and Standardbred mares and
geldings, weighing 400-500 kg, were used throughout. These horses
were maintained at pasture and were brought daily into the operant
conditioning stall for their conditioning or experimental sessions. Per-
tinent information on the six horses used in the operant behavior
studies is presented in Table L. All IV injections were into the jugular
vein and all blood samples were drawn from the opposite vein. In-
tramusucular injections were made deep into the muscles in the side of
the neck.

BEHAVIORAL EXPERIMENTS
1. OPERANT CONDITIONING APPARATUS
(a) Automatic feeding console: The light-activated feeding con-

_ sole (Fig. 1) was built into the corner of a box stall adjacent to a tack -

room in which the monitoring and programming equiment was install-
ed. The feeding console consisted of a feed bucket, an “electric eye”
and a beeper which sounded when the light beam was broken.
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The light beam was installed four inches above the rim of the
bucket in such a way that the horse could not eat out of the bucket
without breaking the beam. However, the horse could easily break
the light beam without putting his head in the bucket. Reinforcements
were delivered through a small hole in the console between the light
beam and the bucket, as shown in Fig. 1.

(b) Programs and programming, equipment: The function of the
programming equipment is to determine when a horse has earned a
reward. The requirements for reward can be determined by the
researcher. These requirements are known as the ‘schedule of rein-
forcement’. Common types of reinforcement schedules are the fixed
ratio, fixed interval, variable ratio and variable interval.> * We have
used both the fixed ratio and variable interval.*

A fixed ratio schedule was used when the animals were first trained
to use the automatic feeder. On a fixed ratio schedule the horse
received his reinforcement after a set number of responses. When the
animals establish a stable rate of responding on the fixed ratio
schedule they are switched to the variable interval schedule. All of our

" drug studies were with the variable interval schedule.

In a variable interval schedule the apparatus is programmed so that
there is no direct relationship between the rate of responding and the
delivery of a reinforcement, as with the fixed ratio schedule. A rein-
forcement is delivered when a response is made after a randomly
determined time interval. The duration of the no reinforcement inter-
val is variable, hence the name variable interval. In the V1 60 schedule
the average duration of the no reinforcement interval is 60 seconds.
Since the horse has no way of knowing exactly when a response will
yield a reinforcement, it selects a steady rate of responding which
assures it that the maximum number of reinforcements are earned.

All of the programming equipment required for this study was in-
stalled in a tack room adjacent to the behavioral stall. In addition to
the electronic relay board, we used an automatic feeder.” The feeder
consists of a compartmentalized treadmill attached to an electric
motor. The oats are loaded into the compartments and when the
feeder receives a signal from the programming equipment it advances
one compartment, The oats are then ejected into the feeding bucket in
the behaviorat stall. The whole sequence of cvents, from the breaking
of the electric eye to the oats falling into the bucket. takes about 112
seconds.

* Frank Gerbrand Company

(¢} Cumulative recorder: A Harvard® recorder was used to make
a hard copy of all the data. It produced a chart which records the
horse’s response rates and reinforcements as a function of time.

{d) Reinfarcements: Good quality oats, about 30 ml per reinforce-
ment, were used as the reinforcement throughout these experiments.

*Harvard Instrument Company
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(e} Drugs: Reserpine was administered as injectable Serpasil®*,
2.5 mpml. Cocaine*** was obtained as pure flake and made up fresh
in normal saline immediately before administration. Normal saline
was used as The control injection for both studies.

(t) Experimental procedure; Horses were brought in from pasture
and placed in a holding box where hay and water were available wd
libition. For the reserpine study, the horses were given 5 mg of reser-
pine [V in the evening (2 hours before the start of testing the next
day. Tests were run on consecutive days, once a day for 30 minutes.
Cacaine was administered directly before the animals entered the
vperant behavioral stall. A minimum of 3 days of control preceded
each dose. During the control studies saline was injected immediately
before the horse entered the behavioral stall.

**Ciba/Geigy Corp., Summit, NJ

 +*+*Merck & Co., Ltd., Philadelphia, PA

RESULTS

It turned out to be relatively easy to train horses in the use of the
feeding apparatus. The oat reinforcements fall into a typical feed
bucket which the horses inspected regularly. The first time the horse
breaks the electric eye, the combined sound of the beeper and the oats
falling down the pipe startle the animal. QOats, however, are very
strong reinforcers and our horses overcame their normal cautious
behavior and habituated to the apparatus quickly. it took about 2
weeks for the horses to master the fixed ratio schedule and respond at
a high rate. At this point the horses were switched over to a variable
interval schedule, and it took about 3-4 weeks for the horses to
establish a stabilized response rate. The variable interval schedule was
used because it had been reported to be a sensitive indicator of drug
action in other animals.* ® :

As shown in Fig. 2, the rates that were finally established on the
variable interval schedule were different for each animal, some horses
establishing high rates while athers established much lower rates. This
does not mean that the horses received different amounts of oats since
each rate shown in Fig. 2 yielded about the same number of rein-
forcements over the 30-min test period. More important is the fact
that after a horse established a rate it appeared to maintain it over a
long period of time, as shown in Fig. 2. In this figure, the rates are
recorded as responses per minute,.and each one of the lines in Fig. 2
represents the response rate of an individual horse.

The sensitivity of the response rates to drug effects has been
demonstrated in studies with reserpine and cocaine. The reserpine
study was designed to determine the magnitude and duration of the
effect of a single therapeutic dose, and in the cocaine study we wished
to examine the acute effects of a wide range of doses administered
directly before entering the operant box.
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In the reserpine study, 4 horses were administered a single 5 mg
dose IV the evening before the first test. When first tested, 12 hours
post dosing, all horses had a depressed response rate and this depres-
sion continued to develop for about three days. This gradual onset of
reserpine’s effect is clearly shown in Fig. 3. The maximum depression
in response rate occurred about 3 days post dosing the rates remained
depressed for 7-10 days. Figure 3 also shows that all the horses return-
ed to their original rates within 14 days. At this dose of 5 mg per
horse, all the clinical signs of reserpinization had disappeared within
48-72 hours.

The data in both the reserpine and cocaine study is reported as per-
cent change from control rates, and all the rates are mean rates. Mean
response rates, by themselves may not tell the whole story since a rate
may change during the 30-min test and/or there may be periods when
the horse does not respond at all. To allow examination of these im-
portant variations a Harvard recorder was used, which produces a
graphic representation of responses with time. Typical tracings of the
Harvard recorder data is shown in Fig. 4 and represent typical ex-
perimental results from one hotse.

In the experiment of Fig. 4, the horse made a total of 399 responses
following a saline injection and its rate was relatively consistent
throughout the 30-min test. The record labeled 40 hours post-
reserpine has a lower slope, which reflects the depressed response rate
and lower total of 246 responses after reserpinization. The record
labeled 0.01 mg/kg cocaine shows a stimulated response rate where
the total number of responses in 30 minutes was about 460, a 15 % in-
crease on control values.

In studies with higher doses of cocaine (0.75 mg/kg) we saw
depressed rates of responding and, immediately after injection of the
drug, no responding at all. This period where the animal fails to res-
pond is referred to as lag time’. The lag time shown in Fig. 4 is about 5
minutes long. Longer lag times have been seen with higher doses; the
overall effect of the lag time is to lower the total number of responses
made by the horse.

The relationship between the dose of cocaine administered and the

overall response rate is shown in Fig. 5. All the horses tested had the
same type of biphasic dose-response curve. in that increasing the dose
first caused an increased response rate, and then decreased it. The data
also shows that there is a clear-cut difference in the sensitivity. of in-
dividual horses to cocaine’s offect. Further, the sensitivity of the
method is such that the lowest doses of cocaine produced increases in
V1 responding rates without any change in the clinical appearance of
the animals.

DISCUSSION

To date, few quantitative methodologics of measuring equine
behavior and drug effects have been reported, and the data presented
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here apparently represent the tisst application or operant conditioning
to the study of druy ettedts in the horse. The data suggest that the
method of variable interval responding is a sensitive and reproducible
means of objectively measuring the ettects of low doses of drugs hav-
ing prominent CNS cttects,

The data indicate that horses can be easily trained to respond on a
variable interval schedule tor food; that the response rate is a very sen-
sitive indicator of drug cfiect; and that there are significant behavioral
effects that are not readily detectable by dlinical observation. The
method is objective and quantitative and should be readily adaptable
to studies of other drugs. The objectivity and reproducibility of the
operant method creates a solid foundation for the results, regardless of
their interpretation. The method also exposes to quantitative examina-
tion subtle drug eftects not readily observable clinically.

Veterinary clinicians have long been aware that the clinical and
behavioral effects of reserpine “fade into” normal behavior over a
period placed by some’ at more than two days. On the other hand,
horsemen, familiar with reserpine in single horses over long periods
believe that duses of reserpine of the magnitude used in this study af-
fect horses over longer perivds. The VI method reported here shows
that clear-cut behavioral depression due to reserpine takes between
three and five days to peak after dosing with reserpine and then up to
10 days for the effect to decay. These data clearly demonstrate
behavioral effects which are easily missed on simple clinical inspection
unless the observer is familiar with and inspects the animal over a long
period of time.

This operant method also clearly: demonstrates the differing sen-
sitivity of individual horses to cocaine. Peak responses were produced
by widely different doses, 0.001 mg/kg in the case of one horse, while
0.8 mg/kg was needed to produce peak response in another animal.
This variability in dose required to produce peak response is substan-
tial and emphasizes the importance of determining dosages of
stimulant drugs for horses on an individuat basis.

The second characteristic which shows clearly in the V1 60 system is
the biphasic nature of the response to stimulant drugs. While low
doses of cocaine produce stimulation, high doses produce inhibition of
responding. This effect is characteristic of stimulant drugs and has
been reported in other species. :
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Table 1.

CONDITIONED HORSES

m' :Sggé WEIGHT | SEX HISTORY
a2 G BALLARD | 449 kg |GELOING||  HAS RACED
IQL sTAnosRoBReD| 490 K9 | MARE HAS RACED
nﬁx s,.,.{?.%%m 410Kg |GELDING||  HAS RACED
A MULIE | 4719 | MARE —7
4 Tm;?)sct{r:gn 430 Kg | MARE HAS RACED
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Figwe 1 Adomaii Fealmg Conpsalr,
An ouh console wis it around a feed tub installed in the coruer of
g 130 13 oy shall, Horses weve comditioned to break the fight bewm
for pooud reinforcemients which were defivered Hwongh the small opening
above atnd bedtid e bicket., ;

LIGHT ELECTRIC
SOURCE EYE

AUTOMATIC FEEDING CONSOLE
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Figure 2

RESPONSES PER MINUTE

Stability of Control Response Rates.

Each symbol represents an individual horse and the hmsn Fespoitse
rate for o particular day. Recording of control daby began after these
horses demonshrated less than @ 10% difference over thiee consentive
duys on a VI 60 schedule,

These horses were rum at various Hmes behoeen AuuM ami
December 1978. Datim points are missing except for te periods
where the horses were used for drug shulies,

STABILITY OF CONTROL RESPONSE RATE
OVER STUDY PERIOD
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Fignie 3

% CONTROL RESPONSE RATE

40

Efects of resopine on oatiabde intervad respomding,

Phe apent dirdes (0-0) sheie operant beluivior, novmalized as 100%
Jor Jour horses for five daws prior to dosing. The open squires (L),
wolidd ciredes (-8) cnd apen (A ) wnd solidd (&) trivngles show the veduc-
tion i operunt behvior in these horses after w single dose of 5 mg of
veserpme 1V o mdicated diy 200,

EFFECY OF Smg RESERPINE ON OPERANT
BEHAVIOR OF 4 HORSES ON V| 60 SCHEDULE
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Figtre 4
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NUMBER OF RESPONSES

Examples of diug effects on the control iesponse rake.

The Harvard recorder vecords the horse's performance over the
30-min lest period. Each response the horse makes aniescs the recorder
pen to move slightly upward on the slowoly moving chart paper. The
fuster the response rate the steeper the slope. The delivery of rein-
forcements are recorded by the same pon as small dowoard deflec-
tions. '

A typical tracing of one horse’s conbrol response rate amid reinforce-
ment frequency is labeled. Records of the sime horse’s vesponse rate

following drug administration are presented for comparison.

Two different doses of cacaine are administered, 0.01 and 0.25
mgrkg, immediately before entering the operant box, and o single 5 mg
IV dose of reserpitie 40 hours before lesting.

COMPARISON OF DRUG EFFECTS ON
THE CUMULATIVE RECORDINGS OF-

H
ONE HORSE .
- 399
CONTROL
COCAINE ,
{001 mqli_(':]‘)\'h 246
RESERPINE - 220
{40 HRS POST <
5mg V)
*\COCAINE
( 79mg/Kq)
LAG TIME
. 30 MIN 4
TIMf ——




Fignre 5 Auwke effects of counine (IV) on varinble interval responding.

% CONTROL RESPONSE RATE

A wide ringe of doses were wlministered (IV) to horses before they
cntored the operant oy, The xaxis i in log dose units.

Before each dose was whministered & three-duy saline conttrol was
estiblished. The resulls are reported us pervent chunge from individusl
control rates and show that cocaine caused both increases and decreases
in the overall response rate.

EFFECT OF COCAINE (1.V.) ON OPERANT BEHAVIOR
OF 3 HORSES ON V.1. 60 SCHEOULE

10,
ol swoLe -oosE EFFECT OF ]
COCAINE 1V

130 . o .
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o INCREASE
% \contRoL
10 DECREASE| -
e ‘ : o
50} a 4
bosE ———= | -

0006 OO OO 005 Ol 0305 10
COCAINE MG/ K6
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DISCUSSION
ALMASY: Since this is a conditioned behavior study, ! just wondered
if the control animals were given an injection of saline at the ap-
propriate times?
SHULTS: Yes, there are quite a few behavioral pit-falls you can fall in-
to. You can have behavioral tolerance to a situation, or you can have
habituation, For all the drugs studied, we did an appropriate saline
control with the appropriate volume and time indication. Before each
dose of cocaine was administered we had a minimum three day con-
trol period with saline controls. If, during that control period, the
horse’s behavior fluctuated outside of an acceptable range which in
most behavioral work was 10%, we held up the dosing,
MAYLIN: Have you used other innocuous drugs such as
phenylbutazone, in this trial?
SHULTS: Yes, we have. What | am looking for in particular are
treatments such as you mentioned which are thought to not have a
central behavioral effect. ] would like to uncover some untoward ef-
fects of typical medication practices. It is too early to comment on the

oy phenylbutazone results.



