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ABSTRACT O-Endorphin, an opiate-like peptide, has potent
antinociceptive properties when it is administered directly into
the brain and assayed in the tail-flick, hot-plate, and writhing
tests in mice and in the wet shake test in rats. On a molar basis,
O-endorphin is 18 to 33 times more potent than morphine and
its actions are blocked by the specific opiate antagonist, na-
loxone hydrochloride. The activity of f-endorphin in vivo is also
compared to other peptides that show opiate-like activity in
assays in vitro.

The existence of endogenous ligands for the opiate receptor in
the brain has been suggested by Collier (1) and Goldstein (2).
In searching for such ligands, Terenius and Wahlstrom (3) and
Hughes (4), using the receptor binding assay and bioassays with
mouse vas deferens and guinea pig ileum, independently found
opiate-like substances in the brain. Subsequently, Hughes et
al. (5) purified and characterized two opiate-like peptides,
termed enkephalins, which have the following amino acid se-
quences: H-Tyr-Gly-Gly-Phe-Met-OH and H-Tyr-Gly-Gly-
Phe-Leu-OH. Other workers (6, 7) have confirmed the results
of Hughes et al. Concurrently, Goldstein and his associates (8,
9) found opiate-like materials in a crude preparation of corti-
cotropin (ACTH). Synthetic corticotropin and a-melanotropin
lacked similar activity. Upon purification and characterization,
the corticotropin contaminant was shown to be a peptide with
a molecular weight of approximately 1750. Recently, Li and
Chung (10) isolated and determined the sequence of an un-
triakontapeptide from camel pituitary gland. This peptide,
named fl-endorphin, has been synthesized (11) and shown to
possess opiate-like activity in receptor binding assays and in the
guinea pig ileum bioassay (10-12).

In the isolation and identification of opiate-like peptides from
brain and pituitary tissue, the criteria for specific activity has
been based on bioassays in vitro. Information on the pharma-
cological properties of these peptides in vivo is lacking, partly
due to the scarcity of purified or synthetic materials. In this
article, we report on the relative analgesic properties of fi-
endorphin and related peptides when assayed in the mouse and
rat in uivo.

MATERIALS AND METHODS
Male ICR mice weighing 25-30 g (Simonsen Laboratories,
Gilroy, Calif.) and male Sprague-Dawley rats weighing
250-350 g were used in all the experiments.

Methionine-enkephalin was purchased from Bachem Lab-
oratories (Marina del Reyes, Calif). f,-Endorphin was synthe-
sized as previously described (11). fl-Lipotropin (LPH) was
isolated from sheep pituitary glands by the procedure described
by Li et a!. (13). Naloxone.HCl was a gift from Endo Labora-
tories (Garden City, N.Y.). Morphine sulfate was purchased
from Mallinckrodt Chemical Works (St. Louis, Mo.). Sodium

pentobarbital (Diabutal) was prepared for injection by diluting
with distilled water to 25 mg/ml. Morphine pellets containing
75 mg of morphine base were formulated according to Gibson
and Tingstad (14).
Assay for antinociceptive activity
The antinociceptive or analgesic properties of fl-endorphin and
morphine were assessed by the tail-flick method (15), the hot-
plate method (16), and the acetic acid-induced writhing method
(17) in mice and by the ice water-induced wet shake response
in rats (18). All peptides tested and morphine sulfate were in-
jected intracerebrally (i.c.) in a volume of 5 ,gl per mouse (19)
or 1 Aul per rat (18).

Hot-Plate and Tail-Flick Response in Mice. To evaluate
these responses, a control latency (To) was obtained from the
mean of three latencies determined prior to drug injection, and
the test latencies (T1) were determined at various times after
injection for each animal. "Percent analgesia" was calculated
as (T1- To)/(T2 - To) X 100, where the cut-off time (T2) for
the hot-plate and tail-flick test were 60 and 15 sec, respective-
ly.
With 2-fold increase in latency of reaction time as a quantal

index of inhibition, the median antinociceptive dose (AD50) and
95% confidence limits were calculated according to the method
of Litchfield and Wilcoxon (20). At least eight animals were
tested at each dose with three to five dose levels used for de-
termining the ADs,0.
Writhing Test in Mice. When "analgesia" was measured

by the writhing method (17), acetic acid (0.1 ml/10 g of body
weight of 0.6%) was administered intraperitoneally (i.p.) 5 min
after i.c. injection of ,B-endorphin. The number of writhes was
counted for 15 min. To determine the AD50 for writhing, a
quantal index of inhibited response was defined as any mouse
that writhed less than twice after drug administration.
Wet Shake Response in Rats. The inhibitory effects of 3l-

endorphin on repetitive shaking movements, induced by im-
mersion of anesthetized rats in ice water, were also studied. This
experimental model, which has been described in detail (18),
is a sensitive bioassay for detecting central opiate activity in
vivo. Animals were anesthetized with sodium pentobarbital,
50 mg/kg ip. Thirty minutes later, /3-endorphin, dissolved in
distilled water, was injected bilaterally, at a volume of 0.5 Al
per hemisphere, into the periaqueductal gray region of the rat
brain. Five minutes after injection, the animal was immersed
in ice water and the number of shaking movements was counted
for 5 min. The periaqueductal gray was chosen for study be-
cause recent microinjection experiments show that this brain
site is highly sensitive to the pharmacological actions of mor-
phine (21-23).

Assessment of physical dependence
To study the ability of ,B-endorphin to induce physical depen-
dence, a device known as an osmotic minipump (AlzetTM

Abbreviations: i.p., intraperitoneally; i.c., intracerebrally; LPH, f,-
lipotropin; AD5o, median antinociceptive dose.
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writhing movements.

generic delivery system, Alza Corp., Palo Alto,
The minipump, which is a system for infusin
at constant rates (1.40 + 0.4 ,l/hr for approx
was used to deliver drugs directly into the br.

Animals were anesthetized with sodium p
mg/kg i.p., and L-shaped stainless steel canni

21-gauge disposable needles and filed to a

length, were implanted into the frontal cortex o

gray. The implanted cannula, filled previously with distilled
water, was secured to the skull with dental cement. The mini-
pump, filled with the desired drug solution, was inserted sub-
cutaneously between the scapulae in the anesthetized animal,
and a 21-gauge stainless steel tube protruding from the mini-
pump was then coupled to the brain cannula with plastic tubing.
To avoid dislodgement of the pump by the animal, the scalp
wound was closed with sutures so that the entire infusion unit
was enclosed under the skin.

After 70 hr of drug infusion into the brain, animals were
weighed, placed in 1-gallon glass jars, and after a 10- to 15-min
adjustment period, challenged with the specific opiate antag-
onist, naloxone hydrochloride, 10 mg/kg i.p. The resultant
withdrawal behavior was then observed under standardized
procedures, as described previously (24). Leaping attempts to
escape from the glass jar, "wet dog shakes," and teeth chattering
are examples of distinctive abstinence behavior that occur in
the dependent animal after the administration of opiate an-
tagonists (24). If a rat made two or more escape attempts from
the jar, or had three or more "wet dog shakes," or made
grinding noises with its teeth within 15 min after injection of
naloxone, it was considered to have undergone precipitated
withdrawal and was classified as manifesting the particular
withdrawal sign (24, 25).

RESULTS AND DISCUSSION

Pharmacological properties of fl-endorphin
,3-Endorphin, at doses of 0.5 ,gg and 1.0 jig administered cen-
trally per mouse, produced a dose-related inhibition of the
tail-flick and hot-plate responses of mice to nociceptive stimuli

* (Fig. la and b). This effect lasted 60-90 min, depending on the
doses used, and closely resembles the duration of morphine
action in the same tests. The antinociceptive action of f3-en-
dorphin in these two tests in vivo is fully reversed by naloxone,
a pure narcotic antagonist (Fig. 1). In the writhing assay, /3-
endorphin produced a dose-related inhibition of the writhing
responses of mice to acetic acid injections, an effect which also
lasted for 60-90 min (Fig. ic). Pretreatment of mice with na-
loxone.HCl (1 mg/kg subcutaneously) 5 min before the injec-
tion of f3-endorphin completely abolished the inhibitory effect
of f3-endorphin on writhing. Finally, in the wet shake test in rats,

60/ 90 f-endorphin again produced a dose-related inhibition of the
shaking response to ice water, and this inhibitory effect was

mn readily antagonized by naloxone administered, 5 mg/kg i.p.,
15 min before f3-endorphin. Thus, in four tests for central an-

in the (a) hot-plate tinociceptive activity, fl-endorphin acts like an opiate agonist
its reversal by na- in vivo. Furthermore, these agonist actions of /3-endorphin were
at 0 time (t). Na- reversed by naloxone (Fig. 2).

Lt 10 min after #- In order to determine the addictive liability of this new
mice, 5 Al of saline "peptide analgesic," the osmotic minipump, as described above,
were injected with was used to deliver fl-endorphin directly into the periaque-
id (0.6%, 0.1 ml/10 ductal gray fourth ventricular spaces of rat brain at a rate of 1.4
nses were counted ul/hr. A solution of j3-endorphin (0.67 ,ug/,gl) was infused for
ed as less than two 70 hr. When challenged with naloxone, almost all the animals

manifested a typical morphine-like withdrawal syndrome.

Calif.) was used. Relative potency of fl-endorphin to related peptides
kg small volumes and morphine
dmately 5 days), A quantitative comparison of analgesic potency between ,3-
ain. endorphin and morphine in the three mouse bioassays is shown
entobarbital, 50 in Table 1. When potency is compared on a molar basis, /3-
ulas, made from endorphin was approximately 18-33 times more active than
predetermined morphine sulfate.

r periaqueductal In order to gain additional insight into the relationship be-
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Table 1. AD5* of 3-endorphin and morphine in mice

Tests f3-Endorphin Morphine sulfate Potency ratio

Writhing 0.92 (0.48-1.56) 17.92 (10.76-27.52) 19.5
Hot-plate 2.32 (1.4-3.96) 40.68 (32.28-51-44) 17.5
Tail-flick 1.52 (0.88-2.64) 50.24 (43.04-58.60) 33.0

The molecular weights of 3438 and 334 were used for ,f-endorphin and morphine sulfate, respectively.
* AD50 in nmol/kg i.c. (95% confidence limits).

tween peptide structure and analgesic activity, peptides related
to f3-endorphin were tested in mice. fl-Lipotropin, a 91 amino
acid peptide (13, 26) containing f3-endorphin within its structure
[f3-LPH(61-91)], was at least 80 times less active than #l-en-
dorphin. The nonapeptide, f3-LPH(61-69), at doses up to 200
nmol/kg did not show any significant antinociceptive properties
in these tests. Methionine-enkephalin, a pentapeptide (5) con-
taining the amino acid sequence 61-65 of fl-LPH, produced
a weak analgetic effect of short duration (less than 5-10 min)
in all three tests when 50 ,tg (3.3 Atmol/kg i.c.) was given to each
mouse. Higher doses did not prolong the analgesic activity of
methionine-enkephalin. These results with enkephalin are
similar to the recent observations of Belluzzi et al. (27) of en-
kephalin activity in rats. Tryptic digestion of fl-endorphin de-
stroyed most of its analgesic potency, showing that the intact
molecule was necessary for full activity.
The pharmacological potencies of f3-endorphin and related

peptides in vivo are of interest when compared to the relative
activities of these peptides in bioassays in vitro such as stereo-
specific binding and guinea pig ileum. In opiate receptor
binding assays, Cox et al. (12) showed that #-endorphin was two
to three times more potent and enkephalin % as potent as nor-
morphine. In the guinea pig ileum preparation, these authors
(12) found that f3-endorphin and enkephalin were approxi-
mately equipotent, but both were less active than normorphine.
To account for the discrepancy in activity in the two bioassays

30

e)

a).a

0

E

z

N=9

20 _-

N=8

10 _

0 _

N=8

- 10 025 025 pu3-endorphin
Control Noloxone

FIG. 2. Inhibitory effect of ,-endorphin on wet shake behavior
and its reversal by naloxone. Rats were anesthetized with sodium
pentobarbital 30 min before the bilateral injection of fl-endorphin into
the periaqueductal gray in a volume of 0.5 Ml per hemisphere. Five
minutes after injection, rats were immersed in ice water and the
number of wet shakes was counted for 5 min. Naloxone, 5 mg/kg
subcutaneously, was injected 15 min before jl-endorphin. Controls
received saline injections.

in vitro, Cox et al. (12) suggested that permeability barriers to
peptides may be present in the ileum preparation. In this study,
the activity of f3-endorphin in vivo was 18 to 33 times greater
than morphine sulfate, whereas enkephalin was relatively in-
active in the same test systems. It is very unlikely that the dif-
ference in central activity can be explained in terms of access
of the peptides to the analgesic receptor or in terms ot the rates
of degradation of these peptides. Thus, the assays in vitro, al-
though highly accurate in predicting the analgesic potencies
of opiate alkaloids, do not appear to be quantitative estimators
for the activities of opiate-like peptides in vivo.

In summary, we have shown that 3l-endorphin is a potent
analgetic, being 18 to 33 times a more potent than morphine
on a molar basis. Furthermore, we found that chronic, localized
infusion of j3-endorphin into the rat brain can induce mor-
phine-like physical dependence. The present results raise an
important question as to the biological role of f3-lipotropin. The
possibility that it serves as a prohormone to potent agonist (j3-
endorphin) as well as antagonist (f3-melanotropin, Arg-en-
kephalin, etc.) peptides cannot be ignored (28-30).
Note Added in Proof. It has been reported that fl-lipotropin(61-76)
was active in the ileum assays in vitro [Guillemin, R., Ling, N. &
Burgus, R. (1976) Seances Acad. Sci. Ser. D. 282, 783-785]. In our
experiments, 20-40 ,g of (3-lipotropin(61-76) was not active in all assay
procedures in vivo, whereas 0.2 itg of fl-endorphin elicited an analgesic
effect.
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