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SUMMARY

The aurcotic snalgesics have & characteristic pharmacology in the horse that makes
mwmaupmmhmmummmmm

quantifiable.
mdmww.gmdouofmwmmm
Goee and time response curves for individual narcotic analgesics in the horse,
wallly the potency and duration of actions of these drugs. Using this
Mkwﬁmaﬂﬂnwxﬁcmﬂgﬁum&u«vﬁmﬂhhmmo{
effects in the horse. The locomotor response to narcotic shalgesics can be
“used to measare the actions of certain stimulsnt drugs. When a stimulant is given t0 a horse
in addition to the administration of a narcotic analgesic, the Jocomotor response is
enhanced and prolonged. Stimulant drugs for which this response has been observed
incinde caffeine and the amphetamines,

Another technique used to determine the actions of stimulant drugs is variable-
intervel responding employing an opersnt conditioning apparatus, Horses trained on this
spperstus snd exposed o various stimulants sre known to improve their response. The
increased varisble-interval response to cocaine was found to be significant but variable
botween horses, while the response to methylphenidate was both larger and more
predictable between horses.
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When an opiate drug is given to man it produces a classical spectrum of
pharmacological effects, including analgesia, sedation, and respiratory depression. In the
horse the spectrum of pharmacological effects that opistes produce are quite different, in
that they include Jocomotor stimulation (Figure 1) as well as analgesia, and narcotic
ansigesics have littic cffect on respiratory depression until much higher doses of drug are
attained. These are unexpected effects for a group of drugs that are thought of as
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depemmhmbmme@ﬁmmcmmmbemowmm&m
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EFFECT OF FENTANYL ON SPONTANEOUS
MOTOR ACTIVITY IN A SINGLE HORSE
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0.001 mg/kg fentanyl by open triangles (A-A); 0.005 mg/kg by open circles (O-O); 0.010

mg/kg fentanyl by open diamonds (6-0); 0.020 mgkg fentanyl by solid triangles (A-A);
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mdmmm&wmmmmmmmkmmw“mm
m’.mmwmmmwmudmofum
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by sufentanil end fentanyl. Additionally, as shown in Figure 2, nnofthenn?oﬁcmlgeﬁcs

8ppro;
demmhﬁmnwwmmmaummmkmw
scoentuste or develop the effects of other stimulant drugs, or conversely, to show the effect
nddmﬁmo“eﬂmoqunmtorhhcﬁngmh@lm‘ﬂhﬁmpﬁdtyudmof
mmmamwwmmMmmuMh
mmmmmmmmmmotmmmmamm.

DOSE- RESPONSE CURVES FOR LOCOMOTOR ACTIVITY FOLLOWING
NARCOTIC ANALGESICS IN THE HORSE
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Figure 2:

~ocomotor effects of selected narcotics in the horse, The symbols show the peak Jocomotor
esponses, as steps/2 minutes after rapid IV injection of the indicated doses of each agent.
Wmﬂm&cmﬂg&ﬁc.kﬁdudedfwmpmﬁnmnpm Reproduced
¥ith permission from Equine Vet. J.,
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The of narcotic ' 7
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BLOCKADE OF LOCOMOTOR RESPONSE
TO FENTANYL BY ACEPROMAZINE
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Figure 3;

Bbchdeofdteloeomotorrespmsewfemmylbywqmmuhemdnﬂoxonc. Horses
were dosed IV with 0.1 mg/kg acepromazine or 0.015 mg/kg naloxone at 15 and
Sminutu.tupecﬁvely.befmnsuiesoﬂdumofo.ozo mg/kg fentanyl. The open
dmhs(on)mﬂwhmmowmspomeofhmdosedwimfemmyluo. 15,3 and
6 hours. The crosses (X-X) show the response to fentanyl following pre-treatment with
Wmnabmﬂpohmmﬁwmmofupﬁmumwﬂmm.




Narcotics and Stimulants

53

FOOTSTEPS /2 min
oOuwud 3 g 3 8
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'Figure 4;

Locomotor and analgesic

effects of sclected narcotics.

A Panel A
'Spn:mhmchdﬁzy

othylketazocine
and U-50488H. The dotted line

{....) shows the locomotor
response of four hocses afier the

. medicated dose of fentanyl was
administered IV. The dashed

line (—) shows the

after the indicated m
ethylketazocine, while the
symbols show the re:fonu
observed after the indicated
doses of saline or U-50,488H.
Reproduced with permission
from Equine Vet. J.

« Panel B.

TWITCH REFLEX WITH OR WITHOUT Amalgesic effect of U-50,488H
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and its antagonism by naloxone.
The opea squares (O-0) show
the analgesic response to U-
50A88H after IV administration
of 160 pg/kg, in the presence
of naloxone, 20 ug/kg (@-0)
administered [V 5 minutes prior
to U-50,488H. Reproduced with
permission from Equine Ver. J.
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- EFFECT OF APOMORPHINE

ON SPONTANOUS LOCOMOTOR

ACTIVITY (N A HORSE

Figure §:
Effect of apomorphine on spon-

120 taneous locomotor .mvm
the horse. A horse was
intravenously with cither 6
(Aa-4), 18 (O-0), 30 @-O), or
60 (@-8) mg of
The symbols represent the
number of steps/2 minute period

with

permission from J. Equine
Med. Surg.

STEPS/ TWO MINUTES -

Figure 6: ;
Individual dose response curves
[_ v . to fentanyl and apomorphine in
%0 . the horse. The lefi-hand panel
shows four individusl dose-
response curves to fentanyl
obtained in a sequence of
experiments. The consistent
nature of the response to
fentanyl is indicated by the
dashed window and has been
seen repeatedly in other
work. The right-
hand panel shows all the dose-
response data obtained with
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mmwwmmmwmuwmmm
drugs ave likely to potentiate these actions of the narcotic snalgesics and add to the
Tocomotor &nd analgesic effects of theso drugs.

From the point of clinically effective analgesis the idesl agont would have the pain
suppressant effects of the narcotic analgesics but without the Jocomotor or sutonomic
mmmmmmmawmmm

weonpued@locomm:elpmn kappa agonists with the analgesics effects

m agents. We chose the kappe agonists because this group of agents are
hm klppl:onhtllsol:g.ﬂmwm . wl::
H;ua4. pure nverygoodmalgdctupma
fitde central excitstion or Jocomotor response, suggeating narcotic snalpesics from families
other then the | agonist family have the potendal o be clinically useful narcotic analgesics
hﬂummmﬂngadlm
counting method also works very well with apomorphine, which has a
lmgtkuyot used in racing hoeses (Tobin ef ol 1979). When we injected horses
intravenowsty with apomorphine, we observed a very sharp increase in locomotor activity,
Sroadly similsr in natire 10 the reeponse o the narcotic analgesics (Figure 5). Tho response
is Gifferent to that of the narcotic snalgesics in that it does not show the same celling
responss that the Jocomotor response to the narcotic enslgesics does, but rather continnes
o dovelop a3 the doso Is increased. In fact the Hmiting factor in those experiments was the
rate of collision of the horses with the stall walls, Additionally, horses on spomorphine
showed & typical morting behaviour, a sound which in our experience is characteristic of
Eooses tresbed with apomaspiiine.
WM#Mdenmmwmm«
arratic sature. While the response of horses t0 narootic analgesics was extremely reliable,
could be eliciiod ropeatodly, and always yiclded virtuslly the ssme response, the response
to apomorphine was very different indeed (Figure 6). In our hands the yesponses to
spomorphine were slways erratic, and we could not reliably repest or predict the responses
of individual horses 80 apomaorphine. Despite substantis! effort $o determine the basis for
thees ecratic effects, we were unable 1o identfy their cause or causes.

THE STIMULANTS

mMMWMWWMwWh
mnmummammwuummm
o find that the method did not work with most stimulent drugs. For
wmmmawmwmmmm
to find that Injection of these drugs had virtuslly no effect on the locomotor
mdmmmmwmumm«m
(Tobin and Combie 1982). We carried out a number of studies on horses
mummmhmmmmmm
us (0 easily quantitate the stimulant actions of these drugs, but could find no such model.
'Wo therefore looked at the effects of combinations of drugz, using the narcotic snslgesics
-Wmmmmmmmammm“mw of the

sdronergic stinolants.

‘When we pro-treated horses with caffeine and then injocted them intravenously with
fentanyl, we cbeerved 2 clearcut stimulation of the horse when compared with the effoct of

fertanyl alone (Figure 7). The effoct was most marked at the tail of the locomotor response
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curve rather than at the edrly posk portion of the curve, and took the form of & heightened
mww&ummmmmm“
clearcut, statistically and is ono of the fow ways in which one can quantitate the
stimulant effocts of drugs, such as caffeine and the amphetamines, which in and of
themselves do not produce clearcut locomotor responses or other caslly quantifiable
behaviors] effects (Greene et al 1983). '
Another method which we used 30 determine the actions of stimalant drugs was
varisble-interval responding. This technique allows ono to sccurately measure small
in the behaviour of a horse and is one of the most seasitive behavioral monitoring
techniques used in equine research (Shults et ol 1982). Using this approach, we have
investigated the actions of various stimulant and depressant drugs in the horse.
Additionally, and more importantly, we have been able to fnvestigate the behavioural

LOCOMOTOR RESPONSES TO

FENTANYL. AND CAFFEINE
N FOUR HORSES
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Figure 7:

Locomotor responso (No. of footsteps/2-min in horses given fentanyl and caffeine.
Caffeine (4 mg/kg) in a sodium bonzosts was injected IV and after 15 minutes,
001 mg of fentanyl/g was injocted; the latter was time zero. The locomotor response was
recorded 60 minutes. The symbols show the mean response of the 4 horses testad. Fentanyl
was administered again at various ime intervals inciuding 4 hours (0) after caffcine
administration and at 10 hours () after caffeine administration. For comparison, the
locomotor responses afier the following independent drug administrations were recorded,
saline solution (O).caffeine (@), fentanyl (A), and the summed responses of caffcine and
fentanyl (7). Reproduced with permission from Am. J. Vet. Res.
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offests of different drugs in the horse to datermine whether or not these agents have any
significant behavioral effects in the horse. Information of this nature ¢an be critical when it
comes $o making regulatory decisions about the use of certain drugs in racing.
experiments in this srea were performed with cocaine in en attempt
© quantify the pharmacological effects of this drug in horses (Figure 8). Whéit we dosed
horses with cocaine we found that the response to the drug was biphasic, in that small
doses stimulated the horses and larger doses deprossed them (Simits ef af 1982). This is 4
characteristic response to stimulant drugs, since small doses of a drug will increase o
but larger doses will, by over-stimulating the horse, lead to & reduced response.

is somewhat the same as in humans, where one cup of coffee will produce a
ploasnt and useful stimulant effect, but two or throe cups will render the individual
wncoordinatsd and }sad to reduced effectiveness,

As well as showing a biphasic response similar to the one that we see in the human,
our harses also showed remarkably different sesitivities to cocaine. As shown in Figure 8,
some horses were exquisitely sensitive to cocaine, with doses of about 4
um:&p::uhumﬁfmuy m prodmt::‘ phlmaoo logie:

more ©0 same
The take home message from this data Is that, for at least some drugs, the dose
that §s required to stimulate some hoses will have no effect in other horses and, conversely,
doses that produce maximal stimulation in some horses will have no significant effect in
other horses. Thus the successful use of stimulant drugs in recing horses requires a good
knowledge of the pharmacology of the drug in the hoise, and also for at least some horses,
the drag'’s actions and the sensitivity to the drug of the particular horse being tested.
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Oms&mﬂm&ugﬂxuhulmhlmofmhmmmds“hudng
is methyiphenidate Ciba Pharmaceutical Co., Summit, NJ). When we
mwwumwmmmmwm
mmmdamwmmmnmuammmm
horses (Figure 9) (Shults eral 1981).
finding in the data was the eXxceptional stimulating
eﬂln . mwmmmummm.m
ect in the nature of twenty to ylphenidate
mmmmehmmhpohtoffmm
audible cue that accompanied each light break increased in rate so dramaticelly that it was
immeodiately apparent to the observers that methylphenidate was a very effective stimulant
drug in horses.

‘This effectiveness of methylphenidate as & stimulant drug in horses goes along with
mmmmmmmmwmhmmmumm
the treatment of attention deficit or hyperactive children, is that it acts to focus the child’s
mvhymm.mmmh:ﬁmﬂmwﬁmkmmﬁnwmbmﬁddeﬂm

EFFECT OF METHYLPHENIDATE ON
RESPONDING RATE IN FOUR HORSES

RESPONDING RATE AS A % OF €O

DOSE, mg/Kg

Figure 9:
Effect of methyphenidate on responding rate in four horses. Four horses were dosed with
the indicated amounts of methylphenidate intravenously and introduced to the responding
20 min later. The symbols show the percentage change in rate for each 30 min
sossion after administration of the indicated dose of methylphenidate to each hoese: (O)
Noelle; (A) Doc; (O) Ballard; (@) Mulie. Bach experiment was performed between 10 and
12 a.m. on consecutive days and horses were treated with saline and allowed to retum to
their control responding rates between tests. Reproduced with permission from J. Ves.
Pharmacol, Therap.
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GMWWMMQOWHIWG).SMM In the hoss, it appoars that, as well
ubduasﬁmulmmedwlphaddaefmﬂnmhmmdmﬁautﬁahmmd
allows the horse to attain very high responding rates.

wduﬂvhgﬂwmmmmwmmhhudmg
ummwm:;uy Reﬁewofﬂwduaofﬂguc:o:om that stimnlant

to methylphenidate all occurred over a BATOW in
mwlﬂ:moof whichomdmndxwldamuch
more Hkely, therefore, that, if one dosed & horse with methyiphenidate, one would obtain a
stimulent effect in a given horse with the average dose of methylphenidate, in contrast with
that found with cocaine where the effect would be stimulant in some horses, but over
stimulant or sub-threshold in others,
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