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Summary

The behavioral effects of

	

endorphin, enkephalin
analogs, morphine and morphine were briefly compared.
In the tail-flick test in mice and in the wet shake test in
rate,

	

endorphin and D-Ala2 -D-LeuS -enkephalin had
equal antinociceptive activity; D-Ala2 -Met-enkephalinamide
and D-LeuS -enkephalin were less active,

	

Theorder of
activity of the enkephalin analogs and opiate alkaloids for
stimulating locomotor activity in mice paralleled their
analgesic activities ; (endorphin, however, had only
minimal stimulatory actions, Morphine sulfate, 50 Fig
injected into the periaqueductal gray, produced hyper-
activity but this effect was not observed with morphine
or opioid peptides,

	

By contrast, 'vet dog" shakes was
observed with the opioid peptides but not with either opiate
alkaloid .

	

These heterogenous behavioral responses, which
were all antagonized by naloxone, indicate that multiple
types of receptors mediate the effects of opiates in the
central nervous system,

Fragments of ß-lipotropin (LPH) and leucine-enkephalin (H-Tyr-Gly-
Gly-Phe-Leu-OH) act as opiate agonista in in vitro assays (1-4),

	

In vivo,
large doses of methionine-enkephalin (LPH 61-65, H-Tyr-Gly-G1y-Phe-Met
OH) and leucine-enkephalin are required to produce analgesia of short du-
ration (5,6), By contrast, ~-endorphin (LPH 61-91) has potent analgesic and
cataleptic activities in experimental animals (7-12),

	

Rapid degradation of
enkephalins by brain enzymes may in part account for its transient effects
(13),

	

Enkephalin analogs have been synthesized which resist degradation
and some of these analogs, e. g.

	

D-Alan -Met-enkephalinamide, have
activity similar to that of (endorphin (13,14), In this investigation, the
behavioral effects of

	

endorphin and enkephalin analogs are compared to
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determine if there are significant quantitative and qualitative differences
between the short-chain and long-chain opiate peptidee .

Methods

Male ICR mice weighing 25-30 g and male Sprague-Dawley rata
weighing 180-350 g were used in all experiments .

	

The antinociceptive pro-
perties of morphine sulfate and opiate peptidee were assayed using the tail
flick responses of mice to radiant heat and the shaking responses of pento-
barbital-anesthetized rate to ice water,

	

These methods were described in
previous publication (7,15) .

	

All drugs tested were dissolved in sterile sa-
line and injected : (1) in mice, intracerebrally in a volume of 5 ü1 per mouse,
(2) in the anesthetized rat, a single mid-saggital injection of 1 ir1 per rat,
except for D-LeuS -enkephalin which, because of its limited solubility, was
injected in a volume of 2 i~l, (3) in unanesthetized rate previously cannulated
with a 21-gauge steel tube, the volume was 5 Nl .

	

Injections in rate were
made into the periaqueductal gray-fourth ventricular spaces (PAG4), a
brain area known to be selectively sensitive to morphine (16),

	

Themedian
antinociceptive dose (AD50) and 95% confidence limits were calculated ac-
cording to the method of Litchfield and Wilcoxon (17) .

	

For studies of na-
loxone antagonism of opiate e£fecte, naloxone HCl, 5 mg/kg i.p� was in-
jected in rate 15-20 minutes after central administration of morphine, etor-
phine, ß-endorphin or D-Ale 2-D-Leu S-enkephalin,

	

In mice, naloxone HCL
was in,acted L mg/kg s. c ., 5 minutes before intracerebral injections of
D-AlaZ -D-LeuS -enkephalin or D-Ala2 -Met-enekphalinamide,

Locomotor activity of mice was determined using an Electronic Mo-
tility Meter (Model Fc40, Motron Produktor, Stockholm, Sweden) . Three
mice were placed in a plastic cage (15 cm x 26 cm) and allowed to acclima
tize to environmental conditions for 1 hour .

	

Locomotor activity, estimated
by frequency of crossing a light beam, was then recorded until values re-
turned to pre-drug levels,

	

The presence of catalepsy was measured by
placing a rat with its forelegs on a bar LO cm high,

	

If the position was
maintained for at least 20 seconds, the animal was considered cataleptic.

Drugs used were : morphine sulfate (Mallinckrodt Chemical Works,
St, Louis, MO . ), morphine hydrochloride (gift from Reckitt and Coi,man,
Hull, England), synthetic camel ß-endorphin, also known as ß

	

endorphin
(1 g), enkephalin analoge (gift of Drs. R. J. Miller and S. Wilk°inaon, Bur-
roughs Wellcome Co., Research Triangle Park, N, C. ) and naloxone hydro-
chloride (gift of Endo Laboratorien, Garden City, New York) .

Results and Discussion

D-Ale 2-D-Leu S-enkephalin, at doses of 11 ng to 43 ng caused a dose-
related inhibition of the tail-flick response to heat stimuli,

	

The antinocicep
tive response Lasted 20 to 60 minutes depending on the dose used,

	

The me-
dian antinociceptive doses of opiate peptidee and morphine sulfate for the
tail-flick response in mice are shown in Table 1.

	

On amolar basis, D-Ala2 -
D-Leu S-enkephalin was as active as ß-endorphin and was about 32 to 35
times more active than morphine ; the other peptides were less potent.

	

A
similar result for the peptidee was obtained in the wet shake teat in rate
(Fig, 1) where, in fact, the same line fits the dose-effect relationship for
ß-endorphin and D-Ala 2-D-LeuS-enkephalin . In this teat, however, mor-
phine had approximately the same activity as ß-endorphin and D-Ala2 -D-LeuS
-enkephalin.

	

Thus, substitution of two D-amino acids on enkephalin
produces an analog having the same antinociceptive activity as the untriakon-
tapeptide, but the relative activity of these peptides to morphine depended on
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TABLE I

AD50*

	

Potency Ratio
nmole per mouse

	

Morphine Sulfate = 1

Morphine Sulfate

	

1.11(0.95-1. 29)

	

1

D-Ala 2-D-Leu 5-Enkephalin

	

0.035(0 .023-0.054)

	

31. 7

D-Ala 2-Met-Enkephalinamide

	

2.14(1 . 53-3.01)

	

0. 5

D-Leu5 -Enkephalin

	

179

	

0. 006

ß -Endorphin

	

0.032(0.020-0.049)

	

34.7c

Inhibitory Effects of Enkephalin Analogs, ß.Endorphin, Morphine
and Etorphine on Wet Shake Behavior

Dose ( nmole/anirtal )

FIG, 1

o H-ry .-o~aa-cy-frr-o-w-0y
n H-Tyr-D-AAr6y-Hlr-Mel-NHr
O H-TyrG~y-Gly-Phe -D-Leu-CVI

Rate were anesthetized with sodium pentobarbital 30 minutes before
a single mid-saggital injection of the chemical into the periaqueductal gray-
fourth ventribular spaces .

	

Ten minutes after injection, the animal was im
mersed in ice water and the number of shakes counted for 5 minutes .

	

Ani-
mals receiving only saline injections shook 17.6+ 3 .0 times (N=16).

	

Each
point represents the mean value of at least 6 animals .
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the bioassay,

The order of activity for these drugs in stimulating locomotor acti-
vity in mice generally paralleled analgesic potency (Fig, 2) with the ex-
ception of ß-endorphin,

	

ß-Endorphin even at high doses had little stimulatory
effects on locomotion, whereas the enkephalin analogs and opiate alkaloids
produced a dose-dependent increase in locomotor activity (Fig . 2),

	

The stim-
ulant actions of enkephalin analogs on locomotor activity were readily anta-
gonized by naloxone (Fig, 2),

Locomotor Activity After Injections of Enkephalin Analogs,
ß-Endorphin, Morphine and Etorphine

c
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FIG, 2

Etorphine

nanomole / mouse

D-Ala°- Enk.amida

D-AIe=-D-Leu e-Enk

	

+~e
.+Nakvone

SALINE 0~1

	

0~5 I~0

	

5~0 100 300

Three mice were placed in a locomotor activity cage 1 hour before
the injection.

	

The locomotor activity was counted for 60 minutes after
injection of peptides or opiate alkaloids .

	

Each point represents the mean
+ S. E, of 2 to 4 determinations .

	

ß-EP; ß c -endorphin, Enk; enkephalin, and
F~nk, amide; enkephalinamide .

Like ß-endorphin (19), D-Ala2 -D-LeuS -enkephalin also had anti-
nociceptivea activity, but with shorter duration, when it was injected intra-
venously; relatively large doses, 15 to 20 mg/kg, were required for this
effect (Fig, 3),

The qualitative behavioral changes occurring in rats after central
administration of opiate alkaloids and peptides have been described in a
number of recent publications (8-12,14),

	

In our studies, we find that in
jections of 50 Wg of morphine sulfate into the PAG4 of conscious rate regu-
larly produced, in addition to analgesia and catalepsy, the explosive hyper-
activity syndrome (see description by Jacquet and Lajtha, 16 ),

	

This syn-
drome was antagonized for approximately 15 minutes by naloxone hydro-
chloride, but recurred thereafter,

	

Etorphine hydrochloride, 5 Wg per rat
into the PAG4, produced immediate catalepsy which was completely re-
versible by naloxone.

	

No hyperactivity was observed with etorphine,
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ß-Endorphin, 10 wg per rat into the PAG4, and D-Ale 2-D-LeuS -enkephalin,
5 wg per rat into the lateral ventricles, produced an average of 11 "wet dog
shakes" per animal (9, 20) is the first 5 minutes after injection and then the
rate lapses into a cataleptic and analgesic state which was readily rever
sible by naloxone .

	

The opioid peptides, at doses up to 40 pg per rat, did
not trigger the hyperactivity syndrome. The distinctive behavioral
effects of the different opiate drugs are summarized in Table 2.

Inhibition of Tail-Flick Response After Intravenous Injection of
D-Ala2 -D-LeuS -Enkephalin
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FIG. 3
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Time after injection ( min)

The degree of analgesia was calculated as (Tl -TO )/(T2 -TO ) x
100, where TO is the mean latency of 2 determinations made before drug
injections, T

	

is the latencies observed after injections and T 2 is the
cutoff time which was set at 10 seconds .

	

The number of mice used are
shown in parentheses.

The activity of opiates after central injection is influenced by
factors such as lipid solubility of the opiates tested (21), the braia sites
where the compounds are injected (22), degradation of the opiate (23) and
the affinity characteristics of the opiate for its receptor (24) . The re-
sults described here show that D-Ala2 -D-LeuS -enkephalin has antinoci-
ceptive activity equal to that of

	

endorphin.

	

Recently Bajusz _et al . (25)
have described a synthetic pentapeptide more active thaa ~endorp~in .
Resistance to degradation certaialy seems to contribute to the potent in
vivo activity of the D-Ale - enkephalin analogs but Pert et al . (13) have
~so suggested that these analogs may bind to an additional étte on the
opiate receptor . Qualitatively, the principal difference between D-Ala2
-enkephalin analogs and ß-endorphin ie the increased activities of the
former in stimulating locomotor activity .

	

There appears to be, however,
enough qualitative differences among the behavioral effects of opiate
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alkaloids and opioid peptides (see Table 2) to support Martin et al,'s (26)
and Lord et al, 's (27) suggestions that multiple types of opiatereceptors
exist in nervous tissue,

1,
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3,

4,

5,

6,

7,
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9,

10,
11,

12,

13,

14,

15 .

16,
17,

TABLE 2

Naloxone-reversible Opiate Effects in Rats
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