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Cacuine is onc of the most widespread illegal stimulants utilized by the human population throughout the
world. The aim of this study was to establish the highest no-effect dase (HNED) of cocaine on the spontancous
locomotor activity (SLA) of horses in a hehavior chamber, and therehy to determine the maximal acceptable
‘threshold of the srinary drug coneentration in horses. Twelve English thoroughbred mares reccived .02,
0.03. 0.04, 0.08 or 0.12 mg kg™' cacuine Lv. or safine solution (control). It was noted that doses shove
0.04 mg kg™ induced a significant increase in SLA (P < 0.65, Tukey's test). No significunt increase in SLA
was seen in the marcs that recebved 0.03 mg kg™'. hut the animals showed important behuviorat chunges
that did not occur after the 0.02 mg kg™ dose. [t was concluded that the HINED of cocaine for horses in a
behavior chamber is 0.02 mg kg™'. After injection of this dase in five horses, urine sumples were collected
at predctermined intervals through vesical catheterization. The coucentrations of cocaime. morcocaine.
beazoylecgonine and ecgonine methyl ester were quantified hy liquid chromatography/clectrospray ionization
tandem mass spectremetry. Cocslac and norcecaine concentrations remalined consistently helow the fevel of
detection. Benzoylecgonine reached s mean (2 SEM) maximum concentration of 531.9 £ 168.7 ng mi™' after
4 h. whereas ecgonine methyl ester peaked 2 h after injection st 3 concentration of 97.2 £ 265 ng mi™'.
The maximum admissible concentration for cocaine and/or metabolites in the urine of horses is difficult
to establish unequivacally bocsuse of the substantial individual varistion in the drug climination pattern

ohscrved in horscs. which can be inferred by the lurge standanrd error of the means obtained. C
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INTRODUCTION

Cocaine is an alkaloid derived from the leaves of the
coca plant Ervtiroxyium coca, which grows in the Andes
Mountains in westem South America. 1t is currently the
major drug of abusc in humans and is widely available
among certain groups. 1t has a long history of use as a
stimulant drug and has been used for millennia in South
America 1o prolong endurance and improve work output.

Most the cffects of cocaine on the central and auto-
nomic nervous systems are mediated through alterations in
acuraransmission. The acuratransmitters dopamine. nore-
pincphrine and scrotonin. which arc closcly associated
with the expression of behavior and emotions, are the ones
predominanthy affected by cocaine use.!
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Systemic effects of cocaine predominantly occur from
the intense activation of the sympathetic nervous system.,
duc to the blockade of neurotransmiticr reuptake. which
constitutes the principal micans by which the acurotrans-
mitier cffects are terminated. This blockade results in a
risc in ncurctransmitter concentration in the synaptic cleft,
thus producing a sustained action on the receptor system.
These include tachycardia. hypertension, mydriasis. vaso-
constriction. diaphoresis and tremor. In addition. the nore-
pincphrine sy viem in the hypothslamus regulates appetite.
thirst. body temperature. steep and sexual arousal.® Eupho-
ria. an effect largely due to enhanced stinulation of the
dopamincrgic system. is the most prominent central ner-
vous system cffect of cocaine intake. All these pharma-
cological actions of cocaine are well described and its
parential for abuse in mcchorses is clear-cut.

Studics of the cffects of cocaine on treadmill exercise in
horses® showed that cocaine administration increased the
maximal heant rate but had no effect on atrial or ventric-
ular function during cxercise. A 200-mg dose of cocaine
increased the mean anterial blood pressure at rest and dur-
ing excrcisc and also influcaced the central nervous sys-
tem. mashing fatigue and allowing the horses to tolerate
greater work intensitics and blood lactate concentrations.
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The effects cited above are strongly suggestive of positive
performance cffects.

Drug testing procedures now are more sophisticated
than they used to be. With the introduction of high-
sensitivity inmunoassays into race testing. it has become
clear that fow concentrations of cacaine or its metabolites
are found not uncommonly in post-race urine samples. [n
latter ycars. some jurisdictions have reported an excessive
number of cocainc-positive tests in samples of horse
matcrial. Nowadays. however. it is exceptionatly difficult
to determine the phammacological or forensic significance
of residues of this drug in cquine sumples. More recently.
reports from regulatory professionals suggest that cocaine
may be applied to tonguc tics in an attempt to influcnce the
performance of the horses. These applications apparcatly
produce small or undetectable concentrations of cocaine
in urine. )

On the other hand, it was demonstrated that the pres-
ence of relatively large concentrations of benzoylecgonine
could be detected in the urine of humans who had ingested
coca tea containing nat more than 2.15 mg of cocaine.*
Cacaine- positive urine samples were found also afeer
exposure to small amounts of the drug via the oral route
Thesc findings arc indicative of the problems that toxicol-
ogists and forensic scientists could fuce when interpreting
data of cocaine metabolitc contents in urine.

Cacainc is thought 10 be well absorbed after administra-
tion in humans by all ather routes. including coca chew-
ing and nasal applications.* smoking.” dermal application®
and after lachrymal surgery.® Cocaine thercfore is casy
to administer (intentionally or inadvertently) to a horse.
because lintke skill is nocded o apply small amounts of
the drug 10 mucous membranes in the mouth. nose or
genitalia.

After administration. cocaine is distributed in the body
following a lincar two-compartiment phannacokinetics
maodel." The plasma half-life of cocaine varics from 31
to 82 min. with a mean of 38 min.*

Cocuine is metabolized by liver and plasma csterases
10 two water-soluble metabolites—benzoylecgonine and
cegonine methy! ester —that are excreted in the urine.”
Benzoylecgonine. compared with ecgonine mcthyl ester.
is exereted more slowly and can be detected in urine for
72 h following cocaine usc.

Many authors have investigated the possible correla-
tion between physiological or behavioral effects and the
concentrations of cocaine in plasma. saliva and brain.
In a study with human subjects' it was concluded that
the short eyele of cocaine stimulation and cuphoria fol-
lowed by dysphoria and craving may be related 1o the
bivavailability of cocainc at central cffector sites, which
presumably is related to circulating plasma drug levels.
Similar results were obtained with mice'® and mats.® In
this paper a good correlation was observed between the
locomotor stimulation and the concentration of cocaine in
the brain and in the scrum. A precise prediction of dosc.
serum concentration and cffects or impainment cannot be
made for cocaine from the measurcment of urine drug
concentrations owing 10 a lack of scientitically established
relationships between these parameters.' .

On the other hand. to the best of our Knowledge the
minimum dose of cocaine required to produce a measur-
able phamacological cffect in a horse is about 4 mg per
horse.'* This dose of cocaine gives risc to casily detectable
urinary concentrations of cocaine mictabolites.
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Exposure to small amounts of cocaine has been shown
fo produce positive results for urine cocaine metabolites
by immunaassay. Amounts less than recrcational doses
(25 mg) havc boeen given 10 humans without psychophar-
macological effect. while producing positive vrine tests.™
It is clear today that urine concentrations may bear little
rclationship w clinical cffects. Such findings arc of sig-
nificance when interpreting analytical results in racchorse
drug testing. bocause positive results putentially could be
caused by unknowing or snintentional exposure to small,
subeffective doses of cocaine. The possibility that the
cocuine sometimes dotected in tests may be a result of
‘accidental contamination” necds 10 be addressed.

Although the present study is limited to cocaine, it is
important o stress that, at feast in the USA. the major-
ity of cases of positive samples refer w the detection of
residual. insignificant quantitics of therapeutic ageats or
their metabolites.* In this context. it should be recalled
that veterinary medical practice and appropriate horse han-
dling somctimes call for the administration of therapeutic
ageats to animals in training. Unfortunately. medicines
administered for legitimate therapeutic purposes during
the period hefore ruces can give risce to positive results in
tests aimed at controlling the use of substances that artifi-
cially improve the animal's perfoninance. This question is
important because the absence of established acceptable
concentration thresholds does not allow a distinetion to be
made between an accidental positive sesult and a positive
result stemming from the illegal administration of con-
trolled substances. Lastly. preoccupation with producing
an accidentd positive result could interfere with the legiti-
mate therapy of racchorses. mising cthical qucstions such
as therapeutic criteria and the well-heing of the horses.
The solution to this problem depends on the determina-
tion of the plasma and/or urinany concentrations of the
active substance or its metabolites. which would not be
linked 10 the pharmacological cffect on the performance
of the animal. There being no effect on pedormance, the
presence of subliminal concentrations would be no reason
for the disqualification of the animal.

We determined the maximal incficctive dose of cocaine
on spontancous kacomaotor activity of horses and examined
the corrclation between the administration of this dose
and the urinan concentrations obtained at different times
after drug injoction. The main objective wus to establish
the maximum concentration threshold for this substance,
in urinc samples. that could not be associated with the
artificial stimulation of performance.

EXPERIMENTAL

Animals

The study was conducted in 12 English thoroughbred
mares from the herd of the Faculdade de Cicacias Agrarias
¢ Veterindrias of Jaboticabal. weighing between 400 and
550 kg. The animals were kept on pasture and offered
additional mineral salts. Cvaadon sp. hay ad libitum and
pelictized commercial feed twice a day to give a total
of 6 kg per day. The mares were weighed and sprayed
cvery month with a pyrethroid insccticide (Butox: Quimio
SA) at the recommended difution and wormed with
1% ivermectin (Ivomec: Merck Sharp and Dohme). The
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experimental protocol was approved by the university’s
Institutional Animal Care and Use Committce.

Another five horses belonging to the experimental herd
of the University of Kentucky were used to study the
climination of cocaine.

Drugs

Cocaine (cocaine hydrochloride: Merck, Darmstadt) was
injected v, in doses of 0.02. 0.03, 0.04. 008 and
0.12 mg kg ' diluted immediatcly before administration
in § ml of sterile saline.

Construction of the hehavioral stalls

Two behavioral stalls were constructed. equipped with
juxtaposed phataclectric sensars instalied at a height of
45 cm that emitted an infrared beam. Each time the beam
was interrupted. a pulse was generated. The number of
pulses was counted at S-min intervals and stored in a data
fogger (Campbell Scicatific Inc., Logan. UT) connccted
to a microcomputer for later analysis of spontancous
locomator activity (SLA).

The stalls prevented the animals from secing the outer
cavironment and were cquipped with two exhaust fans
that, in addition to preventing the accumulation of gases.
produced a whitc noisc preventing the animals from
hearing noises outside. Between the stalls there was a
room with the controlling cquipment. The room had two
sinoked-glass windows that permitted undetected obscer-
vation of the animals” behavior when the lights werce
tumed off. The configuration of the behavioral stalls for
the quantification of horse SLA has been deseribed in
detail clsewhere.'”

Experimental procedures

The animals were placed in the behaviora! stalls the
aftemoon befare the experiments. in order to acclimatize
to the new environment. At 07.00 b they veccived feed
and hay. At 19.00 h the seasors were tumed on and
cocaine or saline (control) was administered i, 45 min
later ctime zero). The animals were observed continuously
by members of the rescarch team over a period of 8 h from
the time of drug administration.

At the end of this period. the sensors were tumed off
and the data were transforred @0 a £.44-Mbyie floppy
disk for later analysis. The stalls thea were cleancd and
new amimals were placed there for experiments on the
subsequent day. A 7-day interval clapsed between dases
for cach animal.

Data analysis

The data logger secorded the number of interruptions
of cach light beam in S-min intervals. The values were
summed and the mean for cach time interval was caleu-
lated. The results of SLA were cakealated as the num-
ber of interruptions per minute during the time interval
between the last count and the next count. For example.
SLA attributed to the S-min time refers to the number of
interruptions that occurred between time zero and § min,
divided by the number of minutes (in this case. 3 min).
Similarly. the SLA for the 90-min time refers to the num-
ber of interruptions that occurred between 75 min and
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90 min divided by the number of minutes (in this case.
15 min).

Data were analyzed for statistical significance using
the PROC GLM pracedure of the SAS v. 6.11 computer
software.™ according to the following mathematical maodel

Y=+ D+ A+ T+ TD; +eiine

where p = overall mcan, D, = cffect of the ith cocaine
dose (D, =002, 0.03. 0.04, 008 and 0.12 mg kg ).
A, =nested cffect of the ith dosc  within  the
jth animal. T, =cffect of the kth time (T, =
=3, ~15.0.5.10,.... 480). T D, = cffect of the inter-
action between the ith dose and the Lth time and ¢,y =
random crror. assumed to be normal and randomly dis-
tributed. All effects considered in the model are fixed.
Specitic statistical analyses also were performed for cach
doxc and for cach time. The mean values of dose and time
cffects were compared by Tukey™s test (P < 0.05).

Determination of the dose—-response curve

The dosc—response curve was obtained based on the
determination of the arca between the curve of the control
and that for cach dose (arca under the curve): a regression
graph subscquently was claborated.

Chemical Determinations

Afier determining the highest no-ctfect dose (HNED) for
cocaine, five horses belonging to the experimental herd of
the University of Kentucky were used to study the clim-
ination of cocaine. For this propose, urine samples were
vollected before administration of the HNED (time zero)
and at 1. 2. 4. 6. 8 and 24 h after HNED injection. These
samples were taken with a Aexible urcthral catheter and
stored at —20°C. After cach collection the urinary bladder
was empticd completely and the biological material was
analy zed w determine the concentrations of cocaine. nor-
cacaine. benzoylecgonine and ccgonine methyl ester by
means of liguid chromatography/clectrospray ionization
tandem masx spectrometry  (LC/ESI/MS/MS: Hewlett-
Packard modet 1050 HPLC instrument interfaced with a
Micromass Quattro-11 mass spectrometer operated in ESI-
positive mode. Beverly, MA. USA).

RESULTS AND DISCUSSION

As shown in Fig. 1A, doses of 0.12 and 0.08 mg kg '
cocaine induced cffects characterized by an evident ine-
reasce of SLA between the intervals of 5 and 20 min. which
gradually decreased thereafter 1o the basal level. A signif-
icant difference was noted for these doses (P < 0.05) at
5. 10, 15. 20. 25. 30 and 45 min compared with the results
obtained for the control group. Upon administration of a
dose of 0.04 mg kg . a considerable increase was noted
in SLA 5 min after injection of the drug. Subsequently the
SLA normualized. retuming to basal levels within 20 min.
Besides showing an incrcase of SLA. an cvaluation of
behavior changes revealed irritability and muscie tremors.
The animals defecated within 3~ 10 nmiinutes after admin-
istration of the substance and showed stercotypical move-
ments. including bobbing of the head up and down. paw-
ing at the ground. looking alert and showing uncasiness.
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Counts per minute

Time (minutes)

Figure 1. (A) Counts per minute refer.to the spontaneous oco-
motor activity of horses after the administration of increasing
doses of cocsine (0.02, 0.03, 0.04, 0.08 and 0.12 mg kg ') or
saline (control). (B) Cocaine dose-response curve, referring to
i!seffaaonﬁespomammlooommouawityofmomughbmd

The animals neighed repeatedly during the first S min after
injection. These changes were of guite short duration and
the animuls displayed nomad behavior withio a period of
15-20 min afier administration of the substance. When
administering cocaine at a dose of 0,03 mg kg '. no sta-
tistically significant difference was noted when the awean
value of the SLA for this group was comparcd with that of
the control group: however. a behavioral change was noted
in /% animals tested during the first $ min after intra-
venous administration of the cocaine. These changes were
the samc as those observed in animals that reccived higher
doses. consisting of head tossing and alert fooks: three
animals neighed and two animals defecated after the injec-
tion. Upon testing the dose of 0.02 mg kg ' cocaine no
changes in SLA were noted when comparing the different
groups during the intervals. or when comparing the differ-
cat intervals within cach group. Figure 1A also shows that
with this dose the SLA remained similar to that observed
in the control group. showing no behavioral changes.

Figure 1B shows the duse~response curve for cocaine
on the SLA of horses. As can be seen. the curve that
best fits the duta appears 10 be sigmoidal. displaying
an increase in pharmacological effect up w a dose of
0.12 mg kg . which appears 10 be very close to that
producing the maximum effect.

Based on the forcgoing comments, the HNED for
cucaine in horses was established at 0.02 mg kg . Other
rescarchers’ performed tests to determine the perfor-
mance of horses during exercise. The results showed that
after administering cocaine intravenously at a dose of
0.11 mg kg ' no significant difference was noted when
compared with the control group that reccived saline
only. At a dose of 0.44 mg kg . however. a significant
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Average Urine Concentration
After 10 mg Cocaine IV to horses
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Rgure 2. Kinetics of excretion of cocaine metaboiites safter
memdasm:!oseoﬂomgofcocaine
to five thoroughbred mares. The vertical bars indicate the
standard error of the means.

Urine Benzoyilecgonine
after 10 mg Cocaine IV

Urine Ecgonine Methy! Ester
after 10 mg Cocaine IV
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Figure 3. (A} Benzoylecgonine concentrations in the urine of five
tho horses after intravenous injection of 10 mg of
cocaine. (B) Ecgonine methyl ester concentrations in the urine
of five thoroughbred horses after intravenous injection of 10 mg
of cocaine.

increase in performance of the animals tested was noted.
Mecanwhile. our studics showed that there was a significant
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increase in SLA already at a dose of 0.04 mg kg '
Higher doscs (0.08 and 0.12 mg kg ') caused the ani-
mals 10 become quite restless, with an acute increase of
SLA and profound behavioral disturbances. Small doses
of cocaine primarily lead to the stimulation of cupho-
ria and the potentiation of alertness and violcat behavior,
whercas moderate doscs intensify euphoria.® The adren-
crgic stimulation becomes quite cvident and leads 1o the
manifestation of symptoms simitar to those described for
hyperthyroidism. which include increase of- psychomo-
tor activity. greater physical encrgy. tachycardia, muscle
tremors and hyperthermia. ™ Behaviorat studics with mice
showed that the administration of cocaine in doses of
0.5-5 mg kg ' causes substantial changes, including an
increasc in aggressivencss.™® Anather study' stated thar
wuts dosed with 35 mg kg ! showed ataxia and rotation
of the head 610 min after druy injection. Doses of 0.06
and 0.07 mg kg ' cocaine induced a stimutant cffect in
rats. similar to that observed with the administration of
amphetamines.™ Similar cffects such as head tossing. con-
stant neighing and pawing at the ground were observed
in our experiments frequently during the first minutes
after cocaine administration: when using larger doses, two
animals were observed compulsively biting the door of
the behavior chamber (crib biting). These changes were
observed in the animals tested with doses of 0.12.0.08 and
0.04 mg kg . Atadosc of 0.3 mg kg * this behavior was
very much subdued for the reasons discussed above,

It was proved that. in human subjects, the concen-
trations of wrinary cocaine are highest at 1-2h and
then substantially fower at 24 h after intranasal™ or

intravenous™  administration, Figurc 2 shows that the
results obtained are consistent with those of the latter
reports. i.c. the levels of benzoylocgonine reached a max-
imum value at 4 h after cocaine administration whercas
ccgonine methyl ester reached a peak 2 h after injec-
tion. The concentrations of both mectabolites were close
0 zero afier 24 h. Cocaine and norcocaine coucentra-
tions remained consistently below the level of detee-
tion. On the other hand. Fig. 3 shows that the pat-
terns of climination for the two major cocaine metabo-
lites can vary considerably. depending on the individ-
ual. making it difficult 1o cstablish o general efimination
pattcm.

It was concluded that for mares of the English thor-
oughbred breed the HNED of cocaine., determined in
accordance with its capability of inducing an increase of
SLA in a behavior chamber. is 0.02 g kg * when admin-
istered intrvenously. The maximum admissible limit for
the concentration of cocaine and/or its metabolites in horse
unine is difficult o cstablished unequivocally because
of extensive individual variation in the climination pat-
tem observed in the horses. which can be inferred by
the large standard cmor of the means obtuined with
the data,
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