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Abstract

1. Central injection of a long lasting enkephalin analog (D-Alaz-leu—enkephalin-amide)
producad a syndrome of stereotypad motor activity.

2. This activation syndrome was significantly reducad by two dopamine (DA) blockars
(pimozide, fluspririlene) and by an agonist of inhibition-mediating DA receptors
{ (3, 4-dihydroxyphenylamino)-2-imidazolin=1].

3. Intact DA functioning is necessary for the occu~rence of this enkephalin-mediated
bzhavioral syndrome.
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Introduction

Enkephalins and long lasting synthetic analogues are known to produc2 2 syndrome of
behavioral activation in mic2, This syndrome consists of continual stereotyped running, an
absenca of vertical rearing, Straub tail, and a loss of environmental orientation (e.g.,
mice will repeatedly collide with cage walls or other obstructions in their path) (Katz, et
al., 1978; Wa2i, et al., 1977). The neurotransmitter DA has been shown to control many
forms of motor activation (Barbeau, 1973; Papeschi, 1972), and recant studies suggest both
dense binding of opiates within DA rich areas of the cantral nervous system, and
physiological activity for enkephalins in association with dopaminargic c211 bodies and
terminal areas (Pollard, et al., 1977; Dafny and Burks, 1976; Dill and Costa, 1977).
Since dopamine-containing neurons dirasctly affect astivity, and sinc2 DA oceours in
conjunction with enkephalin containing neurons which also produce activation, w2
invaestigated whether enkephalin induced bzhavioral activation was dependent upon intact DA
funationing.

Our investigation consisted of pretreating mice with specific DA ~a2captor blockers:
(pimozide, fluspirilen2) (Anden, 2t al., 1970) and an agonist of inhibitory DA racaptors,
DPI [(3, U-dihydroxyphenylamino)-2- imidazolina] (Cools, =% al., 197A) and injecting a
standard 4ose of enkaphalin analogue known to produce running bshavior (Katz =2t al., 1979).
Compa~ison wWas made with vehicle pretreated enksphalin injected mice.

Methods
Animals. Eight=22n adult male Swiss-Wabster outhr24 mice (39-4D g 2ach) ware ohtained
locally (Charles River, Portage, MI) and maintainad in 3 standard laboratory environment

Wwith food and water available ad lihitum and normal lighting cycles of 12 h light/12 h
darkness.
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Drugs. Enkephalin analogues were injected intracerebroventricularly (ICV) at 3 fived time
after drug treatment, and this time varied with the nature of pretreatment. DPI, the DA
blockers and the rvehisle solution were injected imtraperitoneally 17 mi/kg. Pimozide in
doses from 0.00-3.00 mg/kg was injected in a 0.3% tartaric acid vehicle 20 min prior %o
enkephalin injection; fluspirilen= in doses ranging from 2.03-5.00 mg/kg was injected
suspended in a 0.9% saline vehicle 40 min prior to central injections; DPT 0.07~17.00 mg/kq
was injee in a 0.9% saline vehicle 20 min prior to ICV injection. A standard dose for 25
ug of d-Ala“~leu-enkephalin-amide (Peninsula {aboratories, San Carlos, CA) was injectad
ICV in 10 1 of Ringer-ocks solution. Central injections wera performed manu3lly using a
Hamilton micro-syringe and an infusion time of less than 37 sec.

Procedures. Subjects were anesthetized with 30 mg/kg of sodium pentobarbital (Nembutal)
and stereotaxically implanted with a cannula aimed at th2 third ventricle of the brain. Th2
cannula consisted of a stainless steel 23 g needle and was. mounted to the skull with thre2
stainless steel screws and acrylic dental cement. During the weak of recovery from su-gevy,
subjects were placed in the experimental-recording appa~atus for five 2 h habituation
sessions,

The experimental apparatus consisted of 4 field sensitive platforms (Stozlting, Chieazo)
calibrated to within 5% of each other. Mice wera individually placed in polypropylens cages
(Scientific Products series 70; 51 x 41 x 22 cm) which rested directly upon the platforms.
Frash pine chip bedding was placed in =2ach cage. Test sessions consisted of an initial 1 h
habituation at tha close of which drugs or vehicle solution wer2 injected intraparitoneally.

A within-subjects design was used to avaluate drug effects, i.e., subjects (5/4ruq
evaluation) were tested with 2 control injections (vehicle and Ringer,ocke injection,
vehicle and enkephalin analogue injection) and also with 3 doses of drug and enkephalin.
Tha various treatments were administered in a counterbalancad order., Drug injections ware
saparated from each other by at least 7 days. We have noted only mino~ ( 17%) bzhavioral
tolerance using this procedure. Ten minute recording intervals were used throughout, and
comparison was baszed upon percentage transformed scores.

Statistical analysis: due to initial haterogensity of varianca across c211s statistical
analysis way by a non-parametric procedure. The Frizdman two-Wway analysis of var{ancz
technique for related samples, using a criterion of p <25 was us2d as the hasis of
statistical comparison.

Results

All results were analyzed via Friedman Analysis of Varianca (Siegel, 1955). Results a-e
sumarized in Fig. 1 A-D. Fig. 1A oresents an untransformei sunmary of all vehicle
pretreated leu-enkephalin analogue injections compared with Ringer-Loake ;njections. There
is a significant elevation of activity persisting for at least %) min. x“r =5%6; p
<.05, df = 2, Fiqure 1, sections B, C, and D prasent the 2ffects of pimozide, flusoirilens,
and DPT resp=ctively upon the 1 h time period following cantral enkephalin injection. 1% is
clear in all 3 cases that a monotonic reduction in behavioral activation follows inc=gasing
DA receptor inhibition. All drug effects were signifieant by analysis of varianea (x=7
= 10.6, 1.3, 14,1, n<.02, .01, .01 vaspactively, 4f = 3). Diract visual observations nf
enkephalin treated animals under 31l drug conditions indicated that Straub tail eleva%ion
was unaffected by any DA blocker. Although thesa mice were quiescant, thay oceasionally
(upon 2 loud noise) showed a brief explosive burst of forward locomotion. TIn all other
respacts, drug pretreated animals wers similar %o vehicle pratraataqi animals.
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Fig. 1. Enkephalin-dopamine interaction. Effects of DA manipulations uoon
activity inducad by a long lasting enkephalin analogue.
A: Enkephalin induced behavioral actlva*lon (all scores as means).
I denotes intraventricular~ injeection; LE: Leu-enkephalin analogue
RL: Ringer-liocke solution.
Effects of pimozide upon 2nkephalin activation.
Effects of fluspirilene upon enkephalin activation.
Effects of (3,U4-dihydroxyphenylamino)-2-imidazoline upon
enkephalin activation. Scores for B, C and D 23 % mean %
% standard error.

oo

Discussion

Our results suggest that the behavioral effects of enkaphalins a2 dependent at least in
part upon intact DA systems for thair =xpression. Ea»lier findings from ouwr laboratory have
shown similar interactions for morphine and jopamine in murine running (Ca~roll and Sharp,
1972). The current results extend our previous studies using DA-specific agents and an
enkephalin analogue. Other neurotransmitters (norepinzphrine, serotonin) also exert a
definite, but less marked modulatory influence on thz resoonsa of mica to morphinz (Ca~roll
and Sharp, 1972). The present findings provide behavioral supoort for 3 aumhar of 2arljer
suzgestions, based upon anatomical and histochemical criteria, that the ankephzlin and DA
systems share a close functional relationshio.
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