OPERANT CONDITIONING AND ITS
APPLICATIONS IN EQINE PHARMACOLOGY

T. Wood, S. Stanley and T. Tobin

SUMMARY

Studies of the cffects of drugs on equinc performance
require access (o sensitive methods of measuring subtle
behavioral changes. Variable interval (V) reinforcement
scheduling is a specific type of operant conditioning thatis
sensitive to drug effects even when'overt clinical signs of
the drug have diminished. In our VI studics, horses were
conditioned to break a light beam with a head-bobbing
movement and this behavior was reinforced with a reward

training procedures included acclimatization tothe behav-
foral equipment and (ixed-ratio reinforcement scheduling.
To establish basclinc rates of behavior the horses were
converted toa variablc interval (60 seconds) reinforccment *
schedule and were kept on this schedule for the remainder
of the experiments. Daily sessions lasted 30 minutes and
responding rates remained remarkably stable even after
fong periods of inactivity. Responses and reinforcements
were recorded and dispensed by use ol an electromechani-
cal relay sysiem wired (0 an electric eyc, an automatic
feeder and & programming and recording system. Re-
cently, responding rates from horses adiinistered deto-
midine, hordenine, xylazine and saline werc monitored
snd compared to responding rates in horscs from previous
studies using accpromazine, cocaine, mcthyiphenidate,
phenylbutazone and reserpine. Rates of behavior in these
operant-conditioncd horses were remarkably stable over
time and readily dctected subclinical pharmacological
elfects of drug administrations.

INTRODUCTION

Behavioral pharmacology and toxicology are rela-
tively new scientific disciplines that have sought toanswer
questions concerning overt as well as subtic effects of
Authors’ address: Gluck Equine Resesrch Center, Deparimentof
Velerinary Sclence and The Graduate Center lor Toxicology.,
University of Kentucky, Lexington, KY 40546-0099 .
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drugs. Numerous methods of behavior monitoring are well
sulted for quantifying obvious clinical effects of drugs but
are not scsitive enough to detect subtiechanges in behav-

- for. Operant conditioning is a strategy that has been em-

ployed to mcasure behavioral changes in laboratory ani-
mals." A specific type of this form of condidoning is
variable interval (V1) reinforcement scheduling, which is
especially effective in measuring changes in rates of be-
havior.1'9

In this type of conditioning, the animal is first trained
toperformaspecific task foran appropriate reinforcement.
By dcfinition, the task performed is a behavior that the
animal lcams to perform and Is not part of the animal’s
normal behavior paticrn. There is no eliciting stimuli
preceding the behavior, but rather the behavior isenhanced
or reinforced by the stimuli proceeding it. In this way, the
operant behavior is maintained by its own consequences,
i.c., the reinforccment. However, before the operant be-
favior can be maintained or increased, onc must wait for,
or manipulatc the occurance of the behavior.

Since one must wait for the occurrence of the operant
response before reinforcing it, the behavior must first be
created. Tocreate thedesired response, aprocessknownaas
shaping is employed. The animal's behavior is shaped by
teinforcing behavior that approximates the desired re-
sponse until theoperant responsc is performed. Thereater,
only the operant behavior desired is reinforced.

The animal will quickly icarn the operantresponseand
that an increase in the rate of that behavior will earn more
reinforcers. After shaping the operant behavior by rein-
forcing cach response, a fixed-ratio schedule of reinforce-
ment can be instituted. One begins by reinforcing every
other response and then gradually. licreasing the ratio.
Once the ratio isas highas 10 responses to 1 reinforcer, the
animal can be converted 10 a variable interval schedulc.

In the variable interval method of scheduling, a re-
sponse is not reinforced uritil a random period of time has
clapsed. The program cquipment is designed toreinforcea
responsc aftcr a variablcamountof time. Inthe cascof a Vi
60 second schedule, a sesponsc is reinforced aficr an
avcrage of 60 scconds. In this way, the animal does not
know when a response will be reinforced and will develop
a unique and stable rate of behavior.

Rates of behavior have been studied and used as
parameters for measurcment of central nervous system
cxcitation or depression in numcrous experiments using

124

EQUINE VETERINARY SCIENCE

483) 1981



AUTOMATIC FEEDING CONSOLE

Figure 1. The automatic feeding console which was conskucted
Inastandardbox stall, Al programming squipment was housed in
enadjacent office. :
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Figure 3. Eftects of ditlerent doses of coceine on operant
behavior in horses. The points represent the percent change
from control values lor sach horse. Behaviorsl sessions were
conducted 20 minutes atter an IV bolus injection. Reprinted
with permission irom Shults et al., Am J Vet Res 43:1143-
1146,1082.

laboratory animals.'® Few studics have been conducted
using the horsc as the subject animal, although promising
results have been obtained. '

Our laboratory has conducted 2 serics of drug studies
using operant conditioned horses. The first was performed
in 1980 and the sccond in 1986. We have analyzcd and
compared the data gencrated by both studics 1o review the
applications of operant conditioning in cquinc pharmacol-
ogy.

MATERIALS AND METHODS

torses

The6 horsesuscd in 1986 representdifferent agesand
breeds, as well as differcent individual sesponding rates
(Tablc 1). Two homs(aumbqs 1 and 3) were previously

Table 1. Summary of the data on the horses used in 1986. Horses 1 and 3 were used in similar studies in 1980,

i & Weight Age Control rate
Horse " (kg) {years) Breed Responses’/30 min

1 590 14 Standardbred 816

2 520 5 od 595,

3 525 12 Mixed 235'

4 480 15 Mixed 398!

[ 370 1 Thoroughbred 468

8 490 8 Thoroughbred 430

Voltme 9, Number 3, 1889
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trained inthisoperantbehavior in 1980, Al horscs weighed
between 370 and 590 kg and were routincly maintained at
pasture. They were brought daily to the rescarch bamn and
allowed torelax in individual box stalls with hay and water
before their experimental sessions.

Programming equipment and apparatus

The horses were traincd initially to break alight beam with
8 head-bobbing movement by reinforcing this behavior
with approximatcly 30 mg of oats dispensecd directly into
a feed bucket by an automatic feed dispenser. The light-
activated feeding console was built into a comncr of a box
stall and consisted of a normal feed bucket, a light source,
and an electric cyc (Figure ). The feed dispenscr snd the
programming and monitoring cquipment were housed in
an adjacent office. .
Programming the horse

In initial training scssions a horse, through random
exploratory behavior, breaks the light beam and triggers
the mechanism to dispense a reinforcer. I a horse was
reluctant to break the light beam or was startied by the
dispensing mechanism, then the behavior had to beshaped.
This was accomplished by reinforcing any mavement
toward the feed bucket until the horse subscyuently over-
came its reluctance or fear of the mechanisii, The operant
response (bobbing of the head to break the beam) could
then be reinforced. .

The ratio of responscs to reinforcoments was gradu-
alty increascd from 1/1 10 1(/1,depending onhow quickly
the horsc lcamed to operate the apparatus. The lime course
for training a totally naivc horse to achicve stable respond-
ing rates at the 10/1 fixcd-ratio schedule was, on average,
five wecks. Once the lorse was schooled to a fixed-ratio,
the variablc interval reinforcoment schedule was insti-
tuted. . :

Thepreviously trained horsesdid not requirc acclimti-
zation and, in fact, began responding almost immediately
when placed in the cxperimental stall. Their retained
knowlcdgeof thesystem allowed themto he placed ona VI
schedule within a week. When changed to the variable
reinforcement schedule, all of the horses used in 1986
requircd an additional three or four weeks of training to
establish stablc bascline rates of behavior,

RESULTS AND DISCUSSION

Figure 2 shows the basclinc responding rates (withor
without a salinc injection) for the six horscs used in the
1986 study. This ability of the horse tocstablish consistent
baselines when prescented with the Vrcinforcement sched-
ule allows for the detection of subclinical effccts of phar-

macological agents. Figure 2 also reveals the remarkably
similar bascline ratcs of horses that were first trained in
1980 when compared to fheir bascline rates in 1986.
Dcspite an interval of six ycars between training sessions,
both horses had almost identical bascline rates as in 1980.

Whilc the individual basclinc rates were consistent, a
problem arises when looking at the group as a whole.
Figure 2 shows the large variability (a low of 200 to a high
of 800 responscs per 30 minutes) between baseline rates for
each horse, This varfability requires cach horse to serve as
its own control in drug administration studies, This is

usually accomplished by employing within-subject ex-
perimental designs, with alt horses recelving all treaument.
Carc must be taken, however, (o counterbalance the
treatment schedules to elithinatc any confounding of the
datwa associated with the tiine of the trestment. The data
from the group can then be normatized and expresscd asa
percentage of control valucs. i

. Inorder for this practice of cxpressing the data from
the group as a percentage to be statistically sound, cach
horsc must have an cyual opportunity to show an increasc
ordecreascinresponding rates. In the cascof horse number
1. a drug or treatment might not produce a proportionally
cquat increasc in behavior in a horsc that responds at such
a high bascline mtc. In factrecent. studies in opcrant
conditioning have shown that an individual animal’s
pascline ratc can be a factor in its response to drug treat-
ment. 2104 This potential to confound the data (statisti-
cians call this a nuisance variablc) must be taken into
account when interpreting the data,.

While the horse's individual bascline appears to be
toss of a factor in the cffects of depressant drugs, it would
appcar to be aconfounding variablc when studying stimu-
tant drugs. This potential confounding of the data is illus-
wrated in the cffects of two stimulants, cocaine and meth-
yiphenidate,

Figure 3 illustratcs the variability of responses that
individual animalscancxhibitalicr drug administration. In
2 1980 study (Fig 3), four operant conditioned horscs were
administered various doses of cocaine 10 minutes prior to
their behavioral scssions'?. Two horses showed dramatic
increascs in responding rates after a relatively high dosc,
while the other two showed decreases in responding rates
aficr the same dosc. Examination of the bascline rates of
these horses would indicate that this variability in response
may be related to their normal ratc of behavior as thehorse
with the lowest bascline ratc was also the most sensitive to
cocainc administration,

Recently, the clfects of cocaine on brain ncurotrans-
mission have heen shown to be far more complex or
variable than previously thought'®, The mechanism(s) of
action of cocainc on cquinc beain tissuc is unclcar and the
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EFFECT OF METHYLPHENIDATE ON
RESPONDING RATE IN FOUR HORSES
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Figure 4. Effects of methyiphenidate on responding tates in 4
mmmmum:mmmwd
. values lor the different doses. 'ﬂndmymmwsmdbyw
bolss injaction 30 minutes prior 1o the experimental sessions.
Reprinted withpermissionfrom Shults et al., AmJVetRes42:722-
726,1981,

reason or rcasons for lhcdiffucmmq)ohscs to cocainc
- fromborse tohorsc remain unknown at thistime. However,

cocaine in the horse.
~ Figure 4 shows the cliects of IV administration of
methylphenidate (Ritalin®) on rates of behavior when
given 20 minutes prior to testing's. Mcthyipheaidate is
known to have central nervoussysmnmm«htmycﬂccts
similarioamphetamine, butis belicved tobemare specific
for thought processes than motor functions®, I, indeed,
thought processes and not motor functions are stimulated,

behavior rates measurcd in this manacr, This may account
for the fact that methylphenidate-treated horses showed
the fargest changc in responding rates scen in any of the
studies. This data would tcnd to support the theory that
methylphenidate incrcases the mind's ability to concen-
rale on one {ask.
quaeculmlcresusmcfacuhal}onhc4borses
showed expected incrcases in responding ratcs, while |

The horse that was most seasitive 10 methylphenidate was
alsothe most sensitive tococaine and had a very low (< 200
responses per 30 minutes) bascline rate of behavior. Un-

the use of operant conlitioned response rates enabled the
investigators to detcct this variability of the effects of

then the animal is morc fikely to show an increase in. -

horse showed a decrease when the dosage was increased.
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LACK OF EFFECT OF
PHENYLBUTAZONE ON RESPONDING
RATE 4 THREE HORSES
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Figure 5. Responding rates were measured in 3 horses 12 howrs
after an 1V bolus injection of 2 grams of phenylbutazone. The
change in response rates were not even
thaugh the fow responding horse did show a slight increase.
Reptodmdwiﬁmkﬂonlmm Tobin. Drugs and the Perlorm-
ance Horse. 1961, .

fortunately, nonc of the horscs tested with the stimutant
drugs had ‘cxocptionally high basclinc ratcs so that a
comparison to a low-responding horse cannot be made.

Weatsoexamined the resulis of studics cxamining the
cffects on rates of behavior of 2 drugs that are not known
as stimulants o depressants.

Mhenylbutazonce is a nonsteriodal anti-inflammatory
agent that is widely used in veterinary medicine and is
gencrally not considered as a stimulant or depressant.” The
cffccts on the rates of behavior of 3 horses adiministered 2
grams of “butc” 1V 12 hours® before their scssions arc
shown in Figorc 5. As expected, there was little or no
change in the ratcs, although the horse with the fowest
control rate of behavior did show a slight increase. This
would be consistent with the atypical response scen in the
low-respoadiag horse in the studics with cocainc and

mcthylphenidate. It would appear that horses with unusu-

ally low bascline rates might react abnormally (o drug
administration and the following study shows that a high-
responding horsc may also respond atypically.

Table 2 shows the changes in responsc rates in our
operant-conditioncd. horses after hordenine administra-
tion.* Hordeninc is an atkaloid found in many plants,
including grains and barley,' As such, it is likely that it
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EFFECT OF ACEPROMAZINE
O VARIABLE INTERVL RESPONDING
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sessions were conducied 10 minutes after an IV bolus injection.

, with permission kom Tobin. Orugs and the Perform-
ance Horse, 1981,

would be found in some equine feeds and has been report-
edly found in an occasional post-race urinc sample.! At this
time, many racing jurisdictionsareundecidcd asto whether
or not 1o consider hordenine a prohibited substance.

Our initial pharmacological studies with hordcnine
showed transient cardiovascular and respirstory stimuta-
tory effects following IV administeation.® However, when
injected with the drug 30 minutes prior to experimental
sessions, our horses showed decreased, but not statistically
significant, changcs in responding rates. Here again, the
fesson of analyzing the data with a critical eyc on the
animals who respond at very high or low rates must be

EFFECT OF Smg RESERPINE ON OPERANT
BSEHAVIOR OF 4 HORSES ON V1 60 SCHEDWLE
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realized. The horse with the highest control rate did show
amuch larger docreasc in its ratc of behavior. It is recason-
able tosuspect, and thisdata supports, thatahorse respond-
iugaamwofabovcm:cqmscspctwminum is
capable of showing asubtic decrease inthatratcregardicss
of the pharmacological agent uscd.

 Studics on the cffects of depressant drugs on cquinc
behavior rates have provided more consistent results, Onc
cxamplcof the this consistency can he scen intheresulisof
the study itfustrated in Figure 6. This study was con-
ducted in 1980 on the cffects of accpromazinc. Accpro-
mazinc is classilicd as a scdative for vetcrinary usc and

Table 2. Effect of hordenine on varlable interval responding.

Control Safine ' Horderine

Horse

A 718166 . 7278872 . 620149
B 468138 471175 K 463146
Cc 42043 413243 ‘ 219
1) 450247 4302115 . 24422
E 213422 T 214226 ; 2042214

Horses were restod with 2.0 mgikg hordenine o safine by olus IV injection 30 mirues prior o thelr behwvioral sessions. Each point
tepresents the average number of responses per 30 minute nsmzuummdmmmwsdnmwmoum
no significant differences at the P<.05 level. Reproduced with permission kom Frank et al., Equine Vet. J. 1987. '
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EFFECTS OF DETOMIDINE AND XYLAZINE
ON VARIABLE INTERVAL REIPOMINO
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mc . Percent of control response rates messuredin six horses
bolus Injections of 0.40 pig detomidine/g body wi_ 1.1 mg
hodywt.mdlmnhdbnpum Allhorsesreceived

xylazine and 1 and 24 hour detomidine points are statisticatly
A with permission from
Wood ot al. Equine Vet J20:320-322,1968,

causcs scdation by blocking alpha-1 post syraptic receptors.?
In this study, all horses showed decreased responding rates
10 minutes aficr IV injection in a dosc-dependent manner,
The bascline ratc of the individuals apparendy had little
effoct in this study as the docrcases in response rates were
similar in afl horscs. The lack of the basclinc rates of the
individual to be aconfounding factor in responsc to sedative
agents is illustrated in 2 other such studics.

- Reserpinc is a depressant drug that acts by deplcting
“meuro-transmitters in the brain3 It is rarcly used in human
medicine at the prescat time, but has reportedly been used
by trainers 10 “take the cdge of ™ a nervous or fractious horse
4 or S days before an athictic cvent.” In 1980, the time course
of rescrpine’s effects on behavior was examvined. Figure 7

responding ratcs were depressed for as long as 10 days.!
Until the use of opcrant conditioning to quantily rates of
behavior, such fong term effects of reserpine could not be
objectively detected in the horse.

Two other scdative agents were investigated for such
long term effects in 1986. Xylazine (Rompun) is a widcly
used sedative in vetcrinarian medicine and causcs adecrease
inawareness of thc animal by binding toalpha-2 presynaptic
adrenoreceptors.® Detomidine (Domodesan) is a newly
developed sedative agent that has not as yct been approved
for use in the U.S. It is pharmacodynamically rclated 0
xylazine, ahhough preliminary studies have shown that
detomidine is morc specific in its agonism for alpha-2
receplors in the brain, with less peripheral recepror binding
than xylazine 2

xytazine/g
ol reaiments in a Latin square cross over design. The 1 hour

reveals that aficr a single 1V dosc of 5 myg of seserpine, -

Figure 8 illustrates the effects of IV administration of a
lheupemic dosc of xyhzlncmddctomldlnconmdlng
rales. .

Detomidine isclcaﬂy memorepo«mol'd\e2agems
and this study reveals llut a therapeutic dose can have a
depressant effecton bcluvior 24 hours aftcr administration.
In addition, the study shows that xylazine is a quick acting
dmgdcvocdollhelongmgeeﬂectsmmlhmmne
and, to lesser extent, with detomidine.

While there was variability scen in the individual re-
sponses to acepronmzine, detomidine, rescepine and xylaz-
inc, there was no cvidence to suggest that the horse s natural
tate of behavior was an influcnce.

Operant conditioning, or more specifically variable
intceval responding, is a validated method for detecting
subtlc changes in behavior. It should be pointed out, how-
cver, that operant conditioning is not well suited for quanti-
fying obvious or overt clinical effccts of drug administra-
tion, Scveral tcchniques can be cmployed to study the
clinicateffects of drugs on behavior in the horse, butanalysis
of responding rates should be reserved for detecting long
rangeor subtic changes, In fact, these subclinical effectsare
what is usually desired in cascs of ilicgal drug use in the
cquinc athicte,

The potential applications of operant conditioning in
equincpharmacology or toxicology are numcrous and prom-
ising. We have discusscd scveral of these applications here,
but there remain many thathave not been fully explored. As
a mcthod of detecting subtle or subclinical changes in
behavior the results have shown it to be both sensitive and
infornative. However, carc must be taken to avoid a misin-
terpretation or oversimplification of important data. As
pharmacological agents and their usc become more sophis-
ticated, the equine pharmacologist must also employ miore
sophisticated methods to accuratcly determine their effects
onthe equincathicte. Theuse of opcrant conditioning shows
cousiderable potential in this area, as well as being a method
of expanding mankind's knowledge of the behavior of the
; . .
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POTOMAC HORSE FEVER NOW
INWESTERN CANADA

A serological diagnosis of Potomac horses fever, or
equine monocytic chrlichiosis (EME), was made in ton
horses in Alberta. These horses were clustcred within a six
mile radius in an arca east of Red Decr close 1o Red Deer
River. They all had clinical signs of fever, depression,
anorexia, and acutc diarthea.

Thirteen horscs were affected; onc horse died. Ten
horses were tested scrologically. Theses horses all had high
thersto Ehrlichiaristiciiastested by the indircct fluorescent
antdbody test (IFAT) at the University of Illinois.

Potomac horsc’ fever was first rccognized in
Maryland in 1979 and is pow scen in most parts of the
United States . This discasc may have occurred within
Alberta before, but this was the first time it was confinmed
by testing. : :

Horses sciccted for the scrological test should have the
clinical signs described above. Scrum should be collected as
acute and four week convalescent séeples, and should be
submitted as paired samplcs. :

Trcatment in suspected cascs of Potomac horse fever is
symptomatic and dirccted against the {luid and clectrolyte
imbalancces. Patentiated sullonamides have been beneficial,
Tetracycline, which is uscd successtully in the treatment of
caninc chelichiosis, must be used with caution in horses
becausc itcan trigger acute enteric salimoncliosis. A licensed
vaccine against Polomac horse fever is available. |

Potomac horse fover accurs in at lcast 32 states, in
Ewopcand in pansof Canada. It is more common ncar larger
rivers and has boen reportel! atong the Mississippi River in
towa during the past 2-3 years. The vectar is aot known but
may be 8 tick or ather inscet. Now is the scason to begin
clicnt education programs. (From lowa Statc University

Extension Service).

OVULATION PREDICTION USING RAPID
PROGESTERONE ASSAYS.

A quantitative cnzyme-linked inmunoassay (ELISA)
for progesterone was evaluated for determining the day of
ovulation during 143 estrous cyclesof Ri fertife and 1 sub-
fertite  10-year-old Quarter Horses marcs. Estrous cycles
wercdetermincd by regular testing and the days of ovulation
were determined by rectal palpation and ultrasonography.

" Plasma samples taken daily from beginning of cstrus
theough 48 hours following ovulition were assayed with a
rapid progesteronc assay (Ovucheck, Cambridge Life Sci-
cnces, Cambridge, England) todetermine if the kits could be

| uscd toaccuratcly indicatc the time of ovulation. By 24 hours

following ovulation, progesicronc kevels had increased by at
lcast .5 ng/inl over initial valucs in 55% of the fertilc marcs
and 33% of the sub-fertile mares. By 4R hours following
ovulation, progesicrone fevels had incrcased by at least .S
ng/ml over initial levels in RIF. of the fertile mares and 50%
of the sub-fertile marcs. Rapidd progestcrone assays can be
uscd to document that ovulation has occurred in marcs.
(From Veterinary News, Pennsylvania Statc University.

NEW TEST FOR LYME DISEASE

Lymc discasc is thc most commonly diagnosed tick-
borne human discase AND has been documented in at lcast

37 statcs. The numbers that have been detected with this
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