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McDONNELL, S. M., R. M. KENNEY, P. E. MECKLEY AND M. C. GARCIA. Conditioned suppression of sexual

behavior in stallions and reversal with diazepam. PHYSIOL BEHAV 34(6) 951-956, 1985.-Sexual behavior dysfunction
unaccompanied by detectable physical or endocrine abnormality is an important cause of reproductive failure among
domestic stallions. Several authors have suggested that such dysfunction may be psychogenic, related to negative experi-
ence associated with intense handling and training. An experimental model of experience-related dysfunction was devel-
oped by exposing pony stallions to erection-contingent aversive conditioning. This resulted in rapid, specific suppression of

sexual arousal and response similar to spontaneously occurring dysfunction. Subsequently, treatment with a CNS-active

benzodiazepine derivative (diazepam) reversed these effects.
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SEXUAL behavior dysfunction has been identified as an
important cause of reproductive failure among domestic
stalions [9]. Spedific behavioral problems include low sexud
aousad, gpparent shyness or preferences for certain mares
or handling conditions, extreme aggressveness and unex-
planed disuption of the copulatory sequence. In many
casss no physca or endocrine abnormdities can be iden-
tified. Clinicad evidence drongly suggests that negative
expeience,  such as painful injury during copulation,
punishment for showing sexud aousd a inappropriste
times, or rigorous handling and discipline during training or
breeding may account for some behaviord dysfunction [ 10,
13, 15].

Despite the common belief that sexua behavior may be
suppressed by negetive experience, there are no conclusive
experimental data to confirm this. Among the few reported
experimental studies, researchers have found with mae rats
gther no effect [2], inhibitory effects [2, 8, 12] or facilitatory
effects [314] of aversve conditioning on copulaing behav-
ior.

With laboratory species it has been shown that negdive
experience, such a punishment, negative reinforcement,
and conditioned fear, can suppress god-directed esting and
drinking behavior [ 16]. Aversvely suppressed edting and
drinking behaviors in rais have been used extensvey as
models for study of centrd nervous system mediation and

chopharmacologicd manipulation of negetive experience
effects. Although the mechanisms are not yet fully under-

sood, a number of CNS-active drugs have been found to
block or reverse experiencerdaed suppresson of esting
and drinking behavior.

Experiment 1 was designed to characterize the effects of
response-contingent  aversve experience on sexua behavior
of domestic pony dtdlions, with the specific am of develop-
ing an expeimentd modd of expeiencerdaed dysfunc-
tion. Experiment 2 was designed to assess the behaviord
effects of the anti-anxiety benzodiazepine derivative,
diazepam (7-chloro-l,3dihydro-I-methyl-5-phenyl-2H-1,4-
benzodiazepin-2-one), on aversvely suppressed sexua be
havior. Diazepam rdiably datenuates the effects of aversve
experience on eding and drinking behavior in laboratory
animas, and is used widdy for treatment of anxiety and
depression in humans [7]. It has not been studied in regard to
suppressed  sexud  behavior.

METHOD
Experiment |

Design. Precopulatory behavior of six pony ddlions was
measured during adaptation trials in a standard behavior test
and ranked from high to low performance based on erection
reponses.  Subjects were then asdgned as rank-matched
pars to Groups A and B. Experiment la conssted of six
basdine trids for each subject, followed by sx conditioning
trids in which the three Group A subjects recelved aversive
conditioning and the three Group B subjects served as con-
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temporary controls. After completion of Experiment la, Ex-
periment Ib condsted of subjecting the three Group B
dalions to aversive conditioning. This was done in order to
study the process of suppression in additiond subjects.

Subjects. Six mature, sexudly experienced pony ddlions
were used for this study. These ddlions had been acquired
a locd auction and used as semen research subjects during
the three years preceding the present study. These animas
were housed together in adjacent individua tiedtdls in an
unshuttered barn, and were maintained on hay, grain, and
water.

Behavior trials. All trids were conducted in a rectangular
(6.7~ 12.8 m) endosure formed by fiveral tubular sted farm
gates (14 m high) within a threesded pole barn located
goproximately 40 m from the ddlion barn. Two ovaiec-
tomized, estrogen primed (ECP, Upjohn, 2 mg/week, IM)
dimulus mares were tethered behind the ral dong one dde
of the test pen. This dlowed precopulatory access to the
mares and mounting of the rail, but prevented intromission.
Domegtic stdlions readily display a full range of precopula
tory behavior under these conditions, and similar ar-
rangements are commonly employed on breeding fams to
identify mares in estrus [€].

The aversve stimulus was a 3-4 second pulse of unipolar
AC current (I-7 kHz) with a maximum of 2500 v & 25 mA,
ddivered from a radio-controlled dectronic dog training col-
lar (Sengtronix ElectraTrainer, Modd 103) fitted to a bely
girth placed anterior to the prepuce (Fig. la). This simulus
dicted behavior indicative of transent locd discomfort
smilar to the response of a horse following contact with an
dectric fence. Shock of this type has been used to discour-
age aerophagia in the horse [ 1. A dummy unit of the same
weight and shgpe with identical dectrodes was used for dl
non-shock trias.

Subjects were introduced to the test procedures during
daly four-minute trids for one week before the basdine
measurement  period. Basdine and aversve conditioning
trids were conducted three days weekly (Monday, Wednes-
day, and Friday) during October and November. On esch
test day, the order of dalions was random. Subjects were
teken under hdter from the sdl and fitted with the bely
girth, then taken to the test pen and released for a period of
four minutes. Shock wes delivered as punishment on an im-
mediate continuous schedule, contingent on erection, and
continued a five-second intervals for the duretion of erec-
tion as negetive reinforcement of penis withdrawa (Fig. 1).

A sdf-contained microcomputer event recorder  (Obser-
vaiona Systems, Inc., Moded OS-3) was used to record on a
time base 11 specific invedigetory, olfactory, aggressve and
sexud responses commonly exhibited during this type of
exposure to a mae. (Excdlent descriptions of these re
sponses can be found in Waring [19). The following
endpoints were recorded or derived for andysis 1. atention
laency-the time from the beginning of a trid to the firg
goproach (within 1 meter) to a mare, 2. sniffs to mare-
frequency of sniffs to any region of a mare 3. giffs to the
floor-frequency of sniffs to urine, feces, or bedding on the
floor of the test pen; 4. flehmen responsesfrequency of
flehmen responses, 5. vocdlizationsfrequency of whinny,
snort, or nicker vocdizations, 6. rollsfrequency of rolls, 7.
penis drop latency-time from the gtart of the trid to the fad
penis letdown from the prepuce; 8. penis drop time-tota
duration of penis drops, 9. erection frequency-number of
erections, 10. erection latency-time from the start of the
trid to the firgt erection; 11. erection time-tota duration of
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FIG. 1. Bdly girth posmon and stages of erectlon in the horse (a)
penis fully withdrawn; (b) early penis drop; () middrop; (d) full drop
with  erection.

erections, 12. mount frequency-the number of mounts to
the tease rail; 13. mount latency-the time from the dart of
the trial to first mount to the tesse rail; 14. mount time-the
totd duraion mounting the teese rail; 15. kicks-frequency
of kicks or drikes to a mare; 16. bites-frequency of bites to
a mae

Analyses. Each behaviord vaiable was andysed by re-
peated measures andyss of variance [5. Factors included
trids (12 levels), and group (2 levels). When factor or in-
teraction effects were sgnificant, gppropricte means were
compared usng Fsher's LSD [18].

Experiment 2

Six pony ddlions that had been sexudly suppressed as
described In Expaiment 1 were randomly assgned as
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TABLE 1

FREQUENCY, LATENCY, AND DURATION OF PRECOPULATORY
RESPONSES IN PONY STALLIONS

mean* range*
Attention Latency () 5 0-30
Sniffs to Mare 12 4-29
Sniffs to Floor 3 014
Flehmen  Responses 3 06
Vocalizations 1 023
Rolls 05 0-4
Penis Drop Latency (s) 57 0-227
Penis Drop Time (%) 157 13-240
Erection Frequency 15 05
Erection Latency (sx) 103 0-240
Erection Time (s) 75 0-219
Mount Frequency 0.6 0-4
Mount Latency (sec) 193 6-240
Mount Time (s) 5 0-41
Bites 4 0-21
Kicks 1 0-4

*Based on 36 basdine trials (six stallions, six trials each).

rank-matched pairs based on pre-suppresson sexud per-
formance to diazepam (n=3) and sdine control (N=3) groups
for six no-shock extinction trids and four post-treatment ex-
tinction trids. The behavior trid procedures and endpoints
were the same as in Expeiment 1. The bdly girth with a
dummy shock unit was used throughout. Diazepam treat-
ment conssted of dow (about 4 ml/min) intrgugular injec-
tion of 0.05 mgkg diazepam (Vdium, Hoffmann-LaRoche,
Inc) five to ten minutes before the stat of each trid. In
preliminary tridls (McDonnell, unpublished observations)
this dose produced mild ataxia and muscle fasciculations for
one to five minutes following injection. Control subjects re-
ceived equivdent volume injections of sdine Trids were
conducted three days weekly (Monday, Wednesday, and
Friday) during Jenuary. Data from trestment period trids
were anadysed by repested meesures andyss of variance for
the effects of trestment (2 levels) and trids (6 levels). Similar
andyses were usad to evauate the effect of group (2 levels)
and trid (4 levels) during the post-trestment period.

RESULTS
Experiment |

During adaptation and basdline trids subjects dislayed a
full range of investigatory and precopulatory responses.
Upon release into the test pen, stalions readily approached
the simulus mares in vigorous precopulatory interaction.
After this initid bout, sexud interaction with the mares usu-
dly continued intermittently between periods of generd in-
vestigatory behavior (siiffing  the substrate throughout the
tes pen, rolling and marking fecd debris with urine and
feces). Some dadlions, however, spent most of the trid in-
teracting ‘with one or both mares Three sdlions regularly
mounted the rail, two. of which displayed pelvic thrusting,
and one of which gaculated while thrusting the penis be-
tween the rals with the glans penis againg the flank of the
mae. The ovedl mean and range of dl basdine trids (6

gdlions, 6 trids each) for each response are shown in Teble 1.
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Repested measures andyss of variance of the tweve
trids indicated dgnificant trestment by trid interaction ef-
fects for atention latency, H11,33)=2.75, p<0.05, erection
frequency, H11,33)=203, p<0.06, erection latency,
H11,33)=2.23, p<0.05 mount latency, H11,33)=221,

p<0.05, and mount time, H11,33=260, p<0.05. These &f-
fects are shown in Fig. 2. During basdine trias there were no
dgnificant differences between Group A and B, except for
mount latency. Also, there were no dgnificant differences
between Group B basdine and conditioning trids on any of
these five measures. Avesve conditioning, however,
rapidly led to increased atention, erection and mount laten-
ces as wel as decressed erection frequency and totd mount
time. For these messures, Group A was, on the average
different (p<0.05) from Group B conditioning and Group A
and B basdine. For al other endpoints there were no sgnifi-
cant trestment, trial, or interaction effects A Smilar pattern
of effects was found among B ddlions during subsequent
conditioning (Experiment Ib), dso shown in Fg. 2

With the onset of aversve conditioning, ddlions exhib-
ited a number of-responses suggesting fear, confuson, and
gpproach-avoidance conflict in the test sStuation and during
preparation for trids. These included amless chewing of
nonfood objects freezing, cirding, quivering, headsheking,
and heightened response to extraneous auditory and visud
dimuli. This behavior subsded repidly as subjects began to
avoid shock.

Although total attention time was not quantified, it was
agpparent that aversve conditioning affected both the dura
tion and pattern of atention to simulus mares. With each
ddlion aversve conditioning led to a marked decreese in
time spent near the mares. For example, in Experiment la,
one dalion did not gpproach the mares a dl after the third
conditioning trid. During the fourth and fifth conditioning
trids, another Group A dadlion briefly approached each
mare, and then remained in the comer opposte the mares for
the remainder of the tria. During the last conditioning trid
this sdlion stood in the opposte comer and did not ap-
proach the mares a dl.

The rate of suppresson varied among the six ddlions,
with a mean of 9.75 shocks and 3 trids required to reach the
firgt full tria without shock. There was a high postive corre-
lation between basdine peformance rank and both the
number of trids (Spearman rho=0.86, t=3.37, p<0.05) and
the number of shocks (rho=0.89, t=3.90,p<0.05) to the first
full trid without shock.

Experiment 2

During the trestment phase there was a Sgnificant effect
of tretment on dl penis drop and erection measures.
Diazepam-treated subjects displayed lower penis drop la
tency, F(,4)= 1558, p<005 and erection latency,
F( 14)= 1697, p<0.01Diazepam-trested subjects aso ex-
hibited increased penis drop time, F(1,4)=17.60, p<0.01,
erection frequency, F(1,4)=24.20, p<0.01, and erection
time, F(1,4)=9.00,p<0.05. The frequency of rolls tended to
be gregter, F(1,4)=7.08, p<0. 10, among diazepam-treated
subjects. For dl other measures, there were no. dgnificant
differences (p>0. 10) between diazepam and control groups.
Erection frequency, erection laency, and erection time re-
sults for the last two trids before trestment, the six treat-
ment trids, and the four post-trestment trids are represented
in Fig. 3. During the pod-treatment period there were no
sgnificant group, trid, or interaction effects for any mess
ure
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FIG. 2. Mean attention latency, erection frequency, erection la-
tency, mount latency, and total mount time of Group A and B
sallions during 4-minute trials of Experiment 1. Experiment la
consisted of sx baseline trials (I-6), and six conditioning trials
(7-12) in which Group A received aversve conditioning (av) while
Group B served as controls. In Experiment Ib Group B subjects
receved three aversive conditioning trials (13-15).

DISCUSSION

The results of Experiment 1 indicate that stalion sexud
behavior can be rapidly modified by negative experience.
Erection-contingent aversive conditioning produced sgnifi-
cant decrements in erection responses and dtention to
dimulus mares. As there were no dgnificant effects of aver-
sSve conditioning on the other behaviord responses mess
ured, suppresson seemed specific to sexud response, and
not the result of a general behaviord suppression in the test
Situation.
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FIG. 3. Mean erection frequency, erection latency, and total erec-
tion time of diazepam treated and saline control stallions during last
two aversve conditioning trials (- 2, - 1), six treated extinction
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represent overall group mean during treatment period (3 animals 6
trials).

Erectign Timg
~
4

o
1

Certain aspects of the behavior test Situation appeared to
become conditioned simuli for shock. For example, during
basdine trids, ddlions showed no response to the belly
girth. However, with the onset of aversve conditioning sub-
jects often kicked a the girth. After two conditioning trias
one ddlion deveoped a patern of rolling behavior that
semed amed a removing the girth. During two trids the
rolling caused the girth to become loose enough that the
dectrodes no longer made contact with the skin. In each
cae erection occurred dmost immediady and remaned
until the girth was repositioned by the handler. Repositioning
led to immediate withdrawd of the penis, even before shock
punishment of the erection could be ddivered. This pattern
ceased when the girth was more securdly attached.

“Safety dgnd” learning, the apparent recognition of
dimuli that predict a no-shock period [17], was evident
among thee subjects. For example, during the adaptation
and basdine periods it was common for sdlions to display
full erection while being led to and from the test enclosure
With the onset of conditioning, these pre- and post-tria
erections ceased. However, after two or three conditioning
trids, these erections returned. Two dallions, in particular,
repeatedly exhibited erection from the sal until the moment
of rdease in the tet enclosure when the penis was im-
mediately withdrawn for the duration of the trid. Erection
then occurred as soon as the handler gpproached the galion
to return him to his stal. Siimuli associated with handling,
such as the lead shank or the experimenter, apparently be-
came conditioned simuli predicting a no-shock period.

The experimentaly suppressed sexud behavior of these
ddlions agppeared dSmilar to  spontaneoudy  occurring
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anomaous behavior seen in our galion fetility clinic and
reported by others [9, 10, 13, 15. For example a common
problem involves the sdlion with norma behavior for one
or more breeding seasons tha is suddenly interrupted by a
negetive experience such as a kick from a mare or severe
discipline in the breeding situation. Despite no apparent in-
jury that might cause pain or interfere with copulation, ab-
norma behavior, such as little interest in mares, tentative-
ness or fear of the breeding Stuation, preferences or aver-
sons for cetan maes or handlers, erection or gaculaion
falure, or sudden disruption of the copulatory sequence,
perssds. Smilar problems are dso common among young
racing and show ddlions that are commonly punished for
showing erection a “inappropriate’” times. Because these
sdlions sometimes respond favorably to changes in han-
ding and breeding conditions, the problems have been la
belled “psychogenic.” Dysfunction of this type may involve
learning phenomena smilar to those seen in our experi-
mental  subjects.

Our observations in the sdlion are in direct contrast to
those recently reported in made rats [ 14]. Both avoidance
conditioning and immediate mount-contingent  punishment
dimulated, rather than suppressed, copulatory behavior of
sexualy experienced made rats, reflected in continued copu-
laion and shorter mount, intromission, and e€aculation
latencies. One difference in procedure that might account for
the discrepant effects was that the rats were dlowed
copulatory access to the stimulus femdes. We have subse-
quently conducted trids in which dalions were dlowed
copulatory access to a stimulus mare. Under these condi-
tions, shock punishment, as well as a Pavlovian conditioned
aversve auditory stimulus, readily disrupted copulation and
inhibited further sexud interaction (McDonndl, unpublished
observations). It appears, then, that there may be a species
difference in the effects of aversve simulation on mae sx-
ud behavior. There is condderable evidence that human
mae sexud arousd and response may be adversdy affected
by negdive experience fear, and anxiety ([4,11], reviews).
The ddlion may be a suitable anima modd for study of
experiencerdated human sexud  dysfunction.

The results of Experiment 2 indicate that diazepam at-
tenuates the suppressve effects of response-contingent a
versve conditioning on sexud behavior of ddlions. As in
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studies of suppressed eating and drinking behavior in ras,
diazepam did not dgnificantly dter non-suppressed behav-
iors. Current hypotheses [7] hold that these benzodiazepine
effects result from synaptic level enhancement of GABA-
ergic inhibition of severd limbic pathways involved in
anxiety-rlated behavioral  suppression.

During the four post-treatment trids diazepam-treated
ddlions exhibited grester sexud aousa and response than
sdine contral alions, but these differences were not signif-
icant. This may have been due to two factors. Diazepam-
treated subjects appeared to regress toward suppresson
somewhat when trestment was discontinued, a the
same time control subjects appeared to be experiencing
goontaneous  extinction of suppresson. Further work is
needed to determine both how permanent the effects of
diazepam treatment will be and how extinction of suppres-
son proceeds in non-trested animals.

This study was limited to the effects of diazepam on ex-
perimentaly suppressed sexua response. A related question
currently under study in our laboratory is whether, as with
eding and drinking behavior in ras, diazepam could aso
block the acquisition of suppresson of sexud behavior.

In concluson, these findings provide experimentd evi-
dence that stallion sexual behavior is suppressed by
response-contingent aversive conditioning.  Further, severd
agects of the experimentaly suppressed behavior were
smila to heretofore unexplained spontaneoudy occurring
anomalous behavior. The results of Experiment 2 suggest
that experience-rdated suppresson of mae sexud behavior
may involve CNS mechaniams smilar to those mediaing
conditioned suppression of eding and drinking behavior.
Thee fmdings dso suggest further invedtigation of anti-
anxiety drugs for use in dinicd management of experience-
related sexud behavior dysfunction.

ACKNOWLEDGEMENTS

The authors are grateful to Hamilton Research Laboratory, Mrs.
A. Riggs, and Mr. A. W. Bery for their support of this work, and to
the Hoffmann-LaRoche Company, for--their donation of the
diazepam (Valium) used in Experiment 2. Thanks are due to Dr.
Katrin Hinrichs for assistance with illustrations and to Marge
Cummings and Karen Leach for assistance with experiments.

REFERENCES

1. Baker, G. J. and J Kear-Colwell. Aerophagia (windsucking)
and aversion therapy in the horse. Proceedings of the 12th
Annud Meeting of the American Association of Equine Practi-
tioners, Las Vegas, NV 1974.

2. Beach, F. A,, M. W. Conovitz, F. Steinberg and A. C. Gold-
dein.  Experimental inhibition and restoration of mating behav-
ior inmade rats. J Genet Psychol  89: 165-181, 1956.

. Crowley, W. R., H. B. Popolow and 0. B. Ward. From dud to
stud: copulatory behavior elicited through conditioned arousal
in sexudly inactive mae rats. Physiol  Behav 10: 391-394, 1973.

4. Fischer, S. C. and A, D. Smith. Evaluation of the impotent

male: a sex therapist’s view, In: Male Sexual Dysfunction,

edited by R. J Krane, H. B. Siroky and |. Goldstein. Boston:

Little, Brown and Company, 1983, pp. 185-191.

Gill, J L, and H. D. Hafs. Andyss of repeated measurements

of animals. J Anim Sci 33: 331-336, 1971.

6. Ginther, 0. J. Reproductive Biology of the Mare: Basic and
Applied Aspects. Cross Plains, WI: Equiservices, 1979, pp.
7578,

w

o1

7. Haefely, W. E. Behavioral and neuropharmacological aspects
of drugsused in anxiety and related states. In: Psychopharma-
cology: A Generation of Progress, edited by M. A. Lipton, A.
DiMascio and K. F. Killan. New Y ork: Raven Press, 1978,pp.
1359-1374.

8. Hayward, S. C. Modification of sexua behavior of the mae
abinorat. I Comp Physiol Psychol ~50: 70-73, 1957.

9. Houpt, K. A. and D. Lein. Equine behavior. The sexua behav-
ior of stalions. Equine Practice 2(5): 8-22, 1980.

10. Kenney, R. M. J. Hurtgen, R. Pierson, D. Witherspoon and J.
Simons. Society Manual for Clinical Fertility Evaluation of
Stallions. Hastings, NE: Society for Theriogenology, 1983.

11. Norton, G. R. and D. Jehu. The role of anxiety in sexual dys
functions: areview. Arch Sex Behav 13: 165-183, 1984.

12. Peters, R. H. Learned aversions to copulatory behaviors in
male rats. Behav Neurosci 97: 140-145, 1983.

13. Pickett, B. W., E. L. Squires, J. L. Voss and S. J. Wallach.
Factors affecting sexua behavior of the equine mae.
Proceedings of American Association of Equine Practitioners
Meeting, Miami, FL 1979,



956

14. Poggioli, R., A, V. Vergoni and A. Bertalini. Sexua behavior:
influence of avoidance conditioning and of immediate punish-
ment in mae ras Experientia 39: 1414-1416, 1983.

15. Rasbech, N. 0. Ejaculatory disorders of the stallion. J Reprod
Fertil (Suppl) 23: 123-128, 1975.

16. Schwartz, B. Psychology of Learning and Behavior. New York:
W. W. Norton, 1978, pp. 222-300.

McDONNELL, KENNEY, MECKLEY AND GARCIA

17. Sdigman, M. E. P, S F. Maer and R L. Solomon. Unpredict-
able and uncontrollable aversive events. In: Aversive Condition-
ing and Learning, edited by F. R. Brush. New York: Academic
Press, 1971, pp. 347-400.

18. Stedl, R. G. D. and J. H. Torrie. Principles and Procedures of
Statistics. New Y ork: McGraw-Hill, 190, pp. 106-107.

19. Waring, G. H. Horse Behavior. Park Ridge, NJ: Noyes, 1983,
pp. 18-19, 32-40, 106110,



