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ABSTRACT

The enkephalins are small, pentapeptide neurotransmitter molecules
which have reportedly been used in racing horses. in our experimeﬁ£s,
DAlazhetenkephalinamide and leucine enkephalin were administered to
horses Intraveﬁously (1v) and intracisternally (1C). Leucine enkephalin
had little effect on locomotor activity by either route at doses of 0.0l
mg/Kg or less. Methionine enkepﬁil!namlde. an enzyme resistant enkephalin
analog, had no significant effect when given IV (0.002 and 0.008 mg/Kg).
Other experiments involving Intraclsternél dosing with this long acting
form at higher levels (0.005-.011 mg/Kg), elicited an initial increase
in locomotor activity, a rise In temperature, a marked increase in blood
pressure, hyperventllatiﬁn. the appearance of a rapid eye blinking re-
flex, lack of coordination and quivering. In cantrast,‘déslng with
fentanyl either 1V (0.01 mg/Kg) or IC (0.0002 mg/Kg) produced a tenfold
increase in locomotor activity without accoﬁpanylng adverse clinical
symptoms. The data suggest that very large doses of 1V administered
enkephalins or their ahalogs may be necessary to Increase locomotor

activity but such doses may also elicit a number of less desirable side

effects. ' " v
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ABSTRACT

The enkephallns are small, pentapeptide neurotransmi tter molecules
which have reportedly been used in raclng horses. In our experimeﬁ;s,
DAlaZMetenkephallnamlde and leucine enkephalin were administered to
horses intravenously (IV) and intracisternally (IC). Leucine enkephalin
had little effect on locomotor activity by either route at doses of 0.0l
mg/Kg or less. Methionine enkephéllnamide, an enzyme resistant enkephalin
analog, had no significant effect when given 1V (0.002 and 0.008 mg/Kg).
Other experiments involving intracistern;l dosing with this long acting
form at higher levels (0.005-.011 mg/Kg), elicited an initial increase
in locomotor activity, a rise in temperature, 2 marked increase in blood

pressure, hyperventilation, the appearance of a rapid eye blinking re-

flex, lack of coordination and quivering. In contrast, dosing with
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fentany] elther 1V (0.01 mg/Kg) or 1C (0.0002 mg/Kg) produced a tenfold

increase in locomotor actlvity without accompanying adverse clinical

symptoms. The data suggest that very large doses of |V administered
enkephalins or thelr analogs may be necessary to Increase locomotor
activity but such doses may also elicit a number of less desirable side

effects. | T
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INTRODUCT 10N

Two pentapeptides, methionine~ and leucline-enkephalin, have been
postulated to be the endogenocus ligands for the opiate receptor. When
injected Intracerebrally, they exert weak, morphine-like effects, but
since they are rapidly destroyed by brain enzymatic activity, this ef-
fect Is minime] and dissipates rapidly (Bergmann et al, 1377; Bhargava,
1979; Biggio et 21, 1978; Tregear and Coghlan, 1980; Wel, Tseng, Loh
and L1, 1977). To prolong thelr action, enkephalin analogs have been
synthes ized which are resistant to th; peptidase activity, One of -
these, D-Alal-methionine-ankephalinamide, hes been shown to stimulate
dopamine turnover, an action that has been correlated with the analgesic
effeat, motor stimulation, tolerance and other opiate effects {Biggio
et a1, 1979; Katz, Carroll and Baldrighi, 1978).

The narcotic analgesics have been demonstrated to Incresse loco-
motor activity 1n a number of species Including the horse and mouse
{Combie et al, 1979; Katz et al, 1978; Tobin, 1981). Since the use of
narcoties in racin§ horses is illegal, naturally occurring substances
with oplate~like effects may be administered in an attempt to avoid
detection of the 'doping' agent. Reportedly, leucine enkephalin has
been given to race horses in an attempt to lmprove thelr performance
(McDonald, 1979).

Both of the long-acting enkephalin analogs have been shown to
produce hyperactivity in mice (Katz et al, 1978) and (NS effects of

+ these agents have been cbserved following systemic tdnlnistrat!on
(Plotnikoff et al, 1976). In this study, we have adminlistered both
the naturally occurring and long-acting enkephalins to horses Intra-

venously and intracisternally to determine the effectiveness of these
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agents. Locomotor activity of these horses was compared with that of
horses given fentany! and morphine, both of which increase locomotor
activity and thus served as positive controls.

MATERIALS AND METHODS

A form of methlonine enkephalin that Is resistant to enzyme degra-
dation (Tyr-D-Ma-Gly-Phe-Het-NHz) {Plerce Chemical Co, Rockford, IL)
and the natural form of leucine enkephalin acetate (Tyr-Gly-Gly-Phe-Leu)”
{Sigma Chemical Co, St. Louls, MO) were dissolved in distilled water or
cerebrospinal fluld (CSF) immediately befare use. Fentanyl cltrate {Endo
Laboratories, Inc, Garden City, NY) was obtained In crystaltine form and
dissolved in distilled water or CSF Just prior to use. Morphine sulfate
injectable {E1! Lilly 6 Co, Indlanapolls, IN) was used as obtained from
the manufacturer.

Locomotor actlvity of the horse was quantitated as previously de-
scribed (Combie 3_t__9_|_. 1979). Adult Standardbred and Thoroughbred mares
and geldings were fsolated In b x & m box stalls, Following a period of
acclimitization to the surroundings, the animals were dosed and then
observed untl| activity returned to baseline levels. The number of foot-
steps taken with the left foreleg was recorded for each 2 min period.

Treatment with the enkephalins was obseryed to produce a number of
specific behavioral responses, Including eating behavior, quivering,
coordination changes and respiratory rate changes. Proaminent -_u;':ng these
changes was a very rapld (23/sec) blinking of the eyellds {f a hand was

. held close to the eye. This rapld blinking vesponse appeared to be
characteristic of the actlions of enkephalins In the horse, Its elicita-
tion by placing the hand in fFront of the eye |-:f an animal is referred to

as the eyeblink test and was graded subjectively.
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Drug Injections were performed either intravenously or intracister-
nally. Intravenous injections were made into the jugular vein. Baseline
locomotor activity after 1V injectlons was determined by Injecting saline
IV and counting the footsteps taken during the next hr. To perform 1C
Injections, the horse was restrained in @ standing position. A 22-gauge,
3 inch spinal needle was Inserted Into the spinal column at the level of
the cisterna magna. A small volume of CSF was withdrawn to verify the
propar placement of the needle. The drug was then dissolved in this CSF
and returned to the spinal canal, Baseline activity following the IC pr§-
cedure was determined by withdrawing a smsl] volume of CSF and then re-
turning It to the cisterns magna and observing the Tocomotor activity for
16 min.

Rectal tempetatures were measured using a digital read-out thermometer.
Following IC Injection of the long-acting methlonine enkephalin (0.001 mg/
Kg), blood samples were drawn into Vacutainer (Bect.on-l!!cklnson. futher-
ford, NJ) tubes containing EDTA at Intervals for 6 hr. The hematocrit
and white blood ce.II dlffersntlal counts were performed on these samples.

Cardiac effects of the long-acting methionine enkephalin and morphine
were compared. Catheters were @lamd in the carotld artery and the
right ventricle. The arterial and right ventricular pressures and
electrocardiogram tracings were recorded on a Grass #Model 7 polygraph
(Grass Instruments, inc, Quincy, HA) following IV Injection of 0.002
mg/kg of the enkephalin, 0.5 mg/Kg of morphine, and IC dosing with 0.005

mg/Kg of the enkephatin.
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RESULTS

Intravencus injection of 0.0] mg fentanyl/Kg and IC dosing with
0.0002 mg fentanyl/Kg resulted In comparable locomotor activity as il-

lustrated in Fig . Locomotor activity of the four horses dosed IV

EFFECT OF ROUTE OF
ADMINISTRATION

STEPS PER 2 MINUTES

MINUTES POST FENTANYL

Fig 1 Locomotor activity of four horses doged IV with 0.01 mg fentamyl/
Kg is showm by the open triangles (A-0). On a separate oocasion, the
Jour horees were dosed IC with 0.0002 mg fentanyl/Ky; locomotor activity,
in this oase, is indicated by the closed circles (e-0),

peaked at 45 steps/2 min period, about 4 min after Injection. This was
an 1 Hold increase over the average of 4 steps/2 min following saline
injection, Aside from a propensity to eat hay, other behavioral effects

were unremarkable. Activity returned to baseline tevels by &0 min after

dosing. Using 1/50 of the IV dose, four horses were dosed IC with 0,002
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mg fentanyl/Kg. The peak of the locomotor activity of 46 steps/2 min oc-
curred 6 min post-dosing. Again, all four horses showed an increased ten-
dency to eat hay. Slight incoordination was noted In two of the four horses.
Locomotor activity following withdrawal of CSF but without subsequent drug
administration averaged about four steps/2 min.

Intravenous administration of leuclne enkephalin {0.002 and 0.01 mg/
Kg) and low doses of Mlaz-ﬂet-mkephtlinamlde {0.002 mg/Kg) and fentanyl

(0,00t mg/Kg) had Vittle effect on locomotor activity (Fig 2). The leucine

-
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Fig 2 The average mmber of steps taken per 2 min ocounting period during
the firet 16 min post-IV dosing with the indiocated amownte of lou-enkephalin,
the long acting mat-emkephalinamide, fentanyl and morphine are shown. Four
horses given saline served as controls.

enkephalin resuited In slmost steady eating sctivity. Consumption of

hay was less marked although present following dosing with the long-acting

met-enkephalln and the low dose of fentanyl. Largér doses of these
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compounds (D-Ahz-l‘let-onkephallnamlde. 0.008 mg/Kg; fentanyl 0.01 mg/Xg;
and morphine (0.6 mg/Kg) resuited in a slight Increase in locomotor activ-
ity for the enkephalin and a marked Increase for the two narcotics.

There was no signiflcant increase in locomotor activity following iC
administration of elther level of leu-enkephalin (Fig 3). D-Alaz-ﬂet~

enkephalinamide at a dose of 0.002 mg/Kg Induced no skgnificant (ncrease
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"Fig 3 At least three horses were doged IC with the indicated amcunte of
leu-enkephalin, met-enkephalinamide or fentanyl (except one horsc was
used for the 0.011 mg met-enkephalinamide/¥g dose). Conirols were four
horses that had spinal fluid withdraum but no drug given. The average
mmber of footsteps taken by the horses per 2 min during the firei 16 min
after dosing {s showm. The vertioal bars representi + SEM,

in locomotor activity. However, one of the three horses In this experiment
was slightly incoordinsted snd exhibited a positive eye blink test 16 min
after dosing, The 0.001 mg/Kg dose of this enkephalin actually sppeared

to resuit In a decrease In locomotor activity, although this was not
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statistically significant (l-way ANOVA, F = 2.098, a = .05). The reason
for this decrease appesred to be a marked propensity for all three horses
to eat hay. In fact, two of the horses never left the hay rack during
the step-counting period. All three horsas exhlbl'ted slgns of neuromuscu-
iar involvement. By 16 mln post-dosing, the whole body of one horse was
shaking. The muzzles of the other two horses were twitching rapidiy by
30 min. Mapld eye blinking, characteristic of the enkephalins, was posl-_
tive at 16 and 30 min post-dosing, equivocsl at 1 and 3 hr, and negative
at 6 hr. The horse exhibiting the most distressed clinical picture had
a pulu rate of §2 per min at 27 min after dosing and the pulse rate was
too weak to take at 48 min. The animal spent pro!onged periods of time
standing in one ph;- with his head lowered. When forced to watk, he
appeared stiff and. turned with difficulty, although there was some Im-
provement after a few min of exercise. After 1 hr, the experiment was
terminated by the IV Injection of 10 mg neloxone, Within 55 sec all
clinica) signs had returned to normal. Hematocrit and white blood cell
differentlals did not change over the 6-hr period following IC dosing
with this long-scting enkephalin.

one horse was given 0.011 mg of the D-Ala’-Het-enkephalinamide per
Kg I1C. Although there was a slgnificant Increase In locomotor activity
for the flrst B min, this actlvl‘ty ceased as a lack of coordination and
other cllnlcal signs increased. By 6 min, the First signs of incoordina-
tion were noted and the horse's nose was qulwv:lng. After 10 uin. there
was essentlally no more spontsneous locomotor uti‘vlty for the duration
of the experlment. The horse maintained a wide stance behind and a

narrow one in front while periodically looking back at his side. The
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horse was stlll sweating, hyperventitating and walking wide in the hind
end at this time. By 24 hr post-dosing, all clinical signs had returned
to normal. ' ‘
DISCUSSION

From the data geathered In this study, it appears that, under certain
conditions, the enkephalins may affect the locomotor activity of the
horse {Fig 2 § 3). The three most important variables appear to be the
form of the enkephalin used, the route of administration, and the size
of the dose. -

The enzyme-resistant form of the enkephalins is generally accepted
as being far more potent {30-100X) than the naturally oceurring forms
(Aloisi, DeCarolis and. Longo, 1980; Bigglio et al, 1978; Rigter et al,
1980; Vaught and Takemori, 1979). Clearcut pharmacological effects
are therefore more likely after dosing with the enzyme-resistant Form
of met~enkephalin than after leucine enkephalin, |

In the present study, several clinical effects were induced by the
administration of ti;c tong-acting methionine enkephalin analog that were
not observed with the narcotics, Movement of an object toward the eye
of a horse dosed with fentany! or morphine caused the horse to blink a
few times, Under the Influence of the enkephalin, an extremely rapid
blinking or twitching, lasting for the duratlon of movement near the eye,
was observed. The trembling and marked lack of coordination ellicited
by the IC sdministered enkephalin have not previously been cbserved
following 1¥ and IC dosing with narcotic analigesics with the exception
of high levels of the partial agonist, pentazocine (2.0 mg/Kg.1V)
(Combie et al, 1979). '
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Other researchers have found qualltatively different effects when
the pentapeptides were administered by dlfferent routes. For example,
analgesic activity of the enkaphalins following systemic dosing Is sel~
dom demonstrable (Pert et al, 1976), but the ant!-amnesic effect Is
mediated through the oplate receptors (Rigter, 1978). in rats, it has
been found that several enkephalins with no opla‘t‘o activity after peri-
pheral Injection d1d reduce passiveness (Kastin et al, 1978). Intra-
peritoneal administration of enkephslin to rats learning a mare demon-
strated behavioral effects which Kastin {1976) dissociated from their -
oplate~like effects. Peripheral stores of enkephalins have been found
(DiGiulio et a), 1978) and it is possible that the behavioral activity
of systemically administered enkephalins Is initiated at a peripheral
site {Rigter et al, 1980). This could account for quallitatively differ-
ent effects seen betwean central and peripheral sdministration of the
pentapeptides,

it is Jlkely that a much larger dose is required for effect after
systemic administration. The data from dosing with fentanyl (Fig 1)} in-
dicates that 50 times as much drug wust be sdministered 1V to obtain
equivalent effects from IC dosing. Since fentany! s highly lipid
sclubte and penetrates readlly Into the CNS, It is Vlkely that a much
greater ratio might be necessary for the enzyme-resistant snalog of met-
enkephalin to penetrate the CNS and ellicit clear cut central responses
comparable to those obtained from the IC dosing with .011 mg/Kg.

0f most Interest to racing suthorities are the possible effects of
these compounds on locomotor utivity. it has bsen shown thu;_n;rcotlc

—— —

analgesics Increase the locomotor activity of the horse {Cowbie et al,
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1979; Tobin, 1981). Several reports suggest that enkephalins and their
analogs may also facilltate an Increase in locomotor activity (Katz et
al, 1978; Plotnikoff et al, 1976; Vel et al, 1977), especially in those
species In which morphine produces excltement - mice, cats and horses
{Broekkamp, Philllps and Cools, 1979; Carroll and Sharp, 1972; Combie
et ), 1979; Katz et at, 1978). Although the enkephalins did not elicit
dramatic increases In locomotor activity In the horses In this study, two
points should be remembered. MReports indicate that many of the oplates
are more potent than the enkephalins. For example, leu-enkephalin has -
one-tenth the potency of morphine (Bhargava, 1978) and D-Alaz-Het'-enkeph-
alinamide has ﬁ—MIf the potency of morphine (Pert et al, 1976). There-
fore, far ltarger doses than were used In this study could produce more
dramatic results. The high cost of the enkephalins may' play a major role
in the axtent of their use on the race track. The enzyme-resistant form
- of met-enkephalin costs $25./mg. That translates to $100. for the 0.008
mg/Kg that produced a very minimal response following IV dosing {the only
practical route for racing horses). However, this minimal response under
our laboratory conditions likely would be magnified under actual racing
conditions. Other drugs reportediy used on the track i." low doses have
been found to be Ineffective in the laboratory, likely due to the fact
that envirommental demsnds may greatly increase a subject's sensitivity
to a drug (Doull, Klasssen, Amdur, 1580),
in summary, therefore, clinical effects elicited by long-acting met-

enkephalin administersd 1€ are unlike those elicited by fentanyl. Aj-

though no significant effects were observed following IV dosing with the
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cnkephalins, the fentanyl data suggest that a minimum of 50 times as much
(and likely far more) pentapeptide must be given IV to obtaln the same

effects of an IC dose.
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