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Cataleptic Effect of 61-91 Beta-Lipotropic

Hormone in Rat

T MOTOMATSU, M. LIS, N SEIDAH AND M. CHRETIEN

SUMMARY:: Intraventricular administ-
ration of a peptide from ovine pituitaries
whose structure is identical to the 61-91
C-terminal portion of beta-lipotropic
hormone (61-91 beta-LPH) induced
catalepsy, muscular hypertonus and
analgesia in rats. Naloxone inhibited
both the analgesic and cataleptic ef-
fects. l-dihydroxyphenylalanine (I-DOPA)
completely prevented the cataleptic
effect. The cataleptic effect of 61-91
beta-LPH was potentiated by [-5-
hydroxytryptophan (5-HTP).

RESUME: L’administration intraven-
triculaire d’'un  peptide isolé
d’hypophyses de mouton, peptide dont
la structure est identique au fragment
carboxy-terminal  61-91 de la
béta-lipotropine produit de la catalepsie,
de [I'hypertonie musculaire et de
l'analgésie chez le rat. La naloxone in-
hibe les effets analgésiques et catalepti-
ques. La [-dihydroxyphenylalanine
(I-DOPA) a prévenu totalement I effet
cataleptique. Celui-ci était par contre
potentialisé par du I-5-hydroxytrypto-
phane (5-HTP).
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The recent discoveries of peptides
with morphine-like activity (Hughes,
1975; Pasternak et al., 1975;
Terenius and Wahlstrom, 1975; Tes-
chemacker et al., 1975; Cox et al.,
1975) and their structural relation-
ship to beta-LPH (Hughes et al.,
1975; Simantov and Snyder, 1976)
raised questions about their
physiological significance, their
origin and possible therapeutic use.
The specific regional (Hughes, 1975;
Pasternak et al., 1975; Simantov et
al., 1976a) and subcellular (Simantov
et al., 1976b) distributions of these
peptides in the brain suggest their
neurophysiological role in the cen-
tral nervous system.

Four such peptides have been
identified. Methionine-enkephalin
and leucine-enkephalin were iso-
lated from porcine and bovine brains
(Hughes et al., 1975; Simantov et al.,
1976a). Alpha-endorphine was sub-
sequently found in porcine
hypothalamic and pituitary extracts
(Guillemin, 1976). Moreover, 61-91
beta-LPH was identified in porcine,
camel, ovine and human pituitaries
(Hughes, 1975; Guillemin et al.,
1976; Li and Chung, 1976; Bradbury
et al., 1976; Chrétien et al., in press;
Seidah et al., 1976). Structurally,
methionine-enkephalin corresponds
to 61-65 fragment of beta-LPH, and
alpha-endorphine to 61-76 fragment
of beta-LPH. All these peptides
have morphine-like activity in both
in vitro opiate bioassays and in com-
petitive binding assays using brain
opiate receptors.

In this article we report some cen-
tral nervous effects of 61-91 beta-
LPH isolated from sheep pituitaries.

MATERIALS AND METHODS

61-91 beta-LPH was purified from
ovine pituitaries as described in pre-
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vious reports (Chrétien et al., in
press; Seidah et al, in press). In-
traventricular cannulation was per-
formed in 270 v 300 g male
Sprague-Dawley rats under pen-
tobarbital anesthesia (Donaldson et
al., 1971). The rats were used for
experiments 24 h after cannulation.
The peptides were dissolved in 20
1 of 5 mM phosphate buffer pH 7.2
containing 0.145 M NaCl and in-
jected into the lateral ventricle at the
rate of 0.2 4 1 per sec. L-DOPA (100
mg/kg), 5-HTP (100 mg/kg) and
Ro0-4602 N’(DL-seryl)-N2-(2,3,4-
trihydroxybenzyl) - hydrazine
(Ro-4-4602) (50 mg/kg) were ad-
ministered intraperitoneally, dissol-
ved in 0.9% NaCl. L-DOPA or
S-HTP were injected 30 min after the
administration of Ro-4-4602. Forty
min after the second injection, 61-91
beta-LPH was administered. Nalox-
one (2 mg/kg) was administered sub-
cutaneously, 15 min before the injec-
tion of 61-91 beta-LPH. In a second
series of experiments, naloxone, 26
nmol, was injected intraventriculary
at the same time as 61-91 beta-LPH.

Catalepsy was assessed by the
ability of the rat to maintain the
imposed position with front limbs on
a 10 cm high horizontal bar. The
animal maintaining the position for
more than 30 sec was judged as
positive. The maximum length of
time the rat kept the position was
also recorded and used as a measure
of intensity. Analgesic effect was
evaluated by pricking the tail with
forceps. Absence of any response by
the animal was judged as positive.
All untreated rats responded to this
stimulation with squeak and move-
ment. The rats were tested every 5
min during the first 30 min and every
10 min until the symptoms disap-
peared. All animals were observed
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Figure 1—A rat with catalepsy induced
by 61-91 beta-LPH. 13 nmol of 61-91
beta-LPH was administered into the
lateral ventricle through implanted
cannula. The photograph was taken 1
h after the injection.

for at least 100 min. In all the obser-
vations three positive results were
required as minimal criteria for de-
claring the symptoms as positive.

RESULTS

The typical demonstration of a
cataleptic reaction induced by 61-91
beta-LPH is shown in Fig. 1. Table 1
presents the dose effect of 61-91
beta-LPH for catalepsy. The ED-50
(Litchfield and Wilcoxon, 1949) was
calculated as 5.0 nmol per rat with
95% confidence limit of 2.8—38.5.

Table 2 shows the catatonic effect
of 61-91 beta-LPH at higher doses.
The ED-50 was 25.0 nmol per rat with
95% confidence limits of 11-55. The
potency ratio between the ED-50 for
catalepsy and muscular hypertonus
(catatonia) was 5.0 with 95% confi-
dence limits of 1.9—12.9. The
cataleptic rats without muscular

TABLE 1

DOSE EFFECT OF 61-91 BETA-LPH FOR CATALEPSY IN RAT

hypertonus responded rapidly to
stimuli, such as high-pitched noise,
with transient movements. The
catatonic rats did not respond to any
stimuli, and kept the abnormal post-
ures. At the dose of 100 nmol per rat
fine tremor of the whole body was
observed. The tremor was spon-
taneous and intermittent in some
cases, or was induced by external
stimuli in others.

In Table 3, we present the effect
of L-DOPA, 5-HTP and naloxone on
the catalepsy and analgesia caused
by 13 nmol of 61-91 beta-LPH per rat
(ED—96 for catalepsy). The pretreat-
ment with L-DOPA completely

.abolished the cataleptic effect of

61-91 beta-LPH. At this concentra-
tion, however, L-DOPA has no de-
tectable effect on analgesia. In con-
trast, subcutaneous administration
of naloxone (2 mg/kg) abolished the
analgesia without affecting the
cataleptic effect. The animals pre-
treated subcutaneously with this
dose of naloxone seemed to show
hyperalgesia more than analgesia.
S-HTP enhanced the cataleptic ef-
fect of 61-91 beta-LPH.

Table 4 shows an inhibitory effect
of intraventircularly injected nalox-
one on the catalepsy induced by 13
nmol of 61-91 beta-LPH. Intraven-
tricular administration of naloxone
(26 nmol/rat) together with 61-91
beta-LPH (13 nmol/rat) delayed the
onset and decreased the occurrence,
duration and maximum time. In this
experiment we also examined the
effect of 61-91 beta-LPH on the

corneal reflex. The corneal reflex
was lost within 10 min after the
administration of 61-91 beta-LPH.
Naloxone administration delayed
the onset to about 40 min.

We were, however, unable to re-
produce the cataleptic behavior in
our experimental conditions using
synthetic methionine-enkephalin at
doses up to 200 nmol per rat.

DISCUSSION

It has been reported that opiates
have specific receptors in the animal
brain (Pert and Snyder, 1973).
Analgesia, catalepsy and muscular
rigidity were induced by morphine
and some of its analogs (Banerjee et
al, 1968; Fog, 1970). The regional
distribution of morphine-like peptide
in monkey brain revealed the highest
concentration in the extrapyramidal
system (Simantov et al., 1976b),
which is considered a regulatory
center of motor function.

Our results suggest a possible
physiological function of morphine-
like peptides in the control of motor
function. We also demonstrated the
differentiation of catalepsy and mus-
cular hypertonus by different doses.
These results are consistent with ob-
servations using morphine and its
analogs (Costal and Naylor, 1974).
The inhibitory effect of naloxone, a
specific opiate antagonist, on the
cataleptic and analgesic effects of
61-91 beta-LPH indicates the action
of this peptide on opiate receptors.
In addition, our results demon-
strated an opposite effect of L-DOPA

TABLE 2

DOSE EFFECT OF 61-91 BETA-LPH FOR MUSCULAR HYPERTONUS IN RAT

Dose Number Number

nmol/rat of rats cataleptic

Onset

min (*+SE)

Dose Number

Duration

min (£SL) nmol/rat

of rats

Number Onset Duration

catatonic nin (¢ SE) min (¢ SE)

10 6 5 9

[

+

I+

I+

I+

1.6 6
10 25 + 15 3.2 6
15 30 + 10 6.3 6
4 88 + 11 12.5 6
2 64 * 18 25 6
1 105 + 27 50 6

2 23 £ 8 63 + 3

3 18 + 11 72 + 11

Each dose of 61-91 beta-LPH was administered intraventricularly.
The values of ED-16, ED-50 and ED-84 were 0.6, 5.0 (95% con-
fidence limit of 2.9-8.5) and 9.4 nmol per rat respectively-
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Each dose of 61-91 beta-LPH was administered intraventricularly.
The values of ED-16, ED-50 and ED-84 were 7.0, 25.0 (95% confidence
limit of 11 - 55) and 44 nmol per rat respectively
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TABLE 3

EFFECTS OF L-DCPA, 5-HIP AND SUBCUTANEOUSLY ADMINISTLRED
NALOXONE ON THE CATALEPTIC

AND ANALGESIC EFFECT OF 61-91 BETA-LPH IN RAT

Catalepsy Analgesia

Experimental Number Occurence Duration Maximum Occurence
Groups of rats % nin (+SE) time 4
min (+SE)

Control 6 100 106 + 11 23 + 5 100
1-DOPA Ro-4-4602 6 0 - - 100
5-HTPF Ro-4-4602 6 100 267 + 55% 72 + 8% 100
Naloxone 6 100 140 + 16 41 + 6 0

L-DOPA, Ro-4-4602, 5HTP and 61-91 beta-LPH were administered as
described in materials and methods. Naloxone was injected sub-

cutaneously 15 nin prior to 61-91 beta-LPH. Control animals vwere

injected with 2.5 ml of 0.9% NaCl 70 min before the administration

of 61-91 beta-LPH. The maximum time is the longest time the
cataleptic animal maintained the imposed position on the bar.

* F< 0.01

TABLE 4

EFFECT OF INTRAVENTRICULAR ADMINISTRATION OF NALOXONE

ON THE CATALEPTIC EFFECT OF 61-91 BETA-LPH

Experimental Number Occurence Onset Duration Maximum
time
Groups of rats min (*SE) min (*SE) min (#SE)
Control 6 6 6 + 0.9 118 + 16 54 £ 12
Naloxone 6 4 40+ 2.4%% 28 + 7.5%% 6 + 1.6%

61-91 beta-LPH (13 nmol/rat) and naloxone (26 nmol/rat) was administered

simultaneously in the lateral ventricula.
* P < 0.02

** P < 0.01
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and 5-HTP on the catalepsy induced
by 61-91 beta-LPH. This is consis-
tent with the report suggesting the
reciprocal actions of dopaminergic
and serotonergic systems in
catalepsy (Kostowski et al., 1972;
Costal and Naylor, 1975).

One might also consider the pos-
sibility of the pathophysiological in-
volvement of morphine-like peptides
in some neuropsychological dis-
eases which have symptoms similar
to morphinomimetic drugs.
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