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RONDEAU, D. B., M. TURCOTTE, L. YOUNG AND D. HEBERT. Similurities of the cataleptic state induced by
B-endorphin and morphine. PHARMAC. BIOCHEM. BEHAV. 17(4) 703-707, 1982.—A variety of behavioral tests were
used to characterize the cataleptic state induced by various treatments. Besides catalepsy. posture, locomotion, rigidity
and the presence of reflexive responses were assessed. Measures of analgesia and body temperature were taken. The
behavioral profiles of 8-endorphin, morphine, etonitazene. haloperidol, arecoline and GABA were compared at the time
maximal catalepsy scores were obtained. Results indicated that, for an equivalent degree of catalepsy, the profile of
B-endorphin was similar to that of opiates, except for changes in body temperature; 8-endorphin’s profile differed markedly
from that of haloperidol, arecoline and GABA. Catalepsy was less pronounced with the latter two drugs. There were
similarities in the behavioral profile of haloperido! and arecoline.
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EXPERIMENTAL catalepsy is a behavioral symptom as-
sessed by imposing an abnormal posture to laboratory
animals usually following a drug treatment. The intensity of
the cataleptic state is measured by recording the length of
time the animals maintain one or more imposed awkward
postures. Haloperidol and morphine are drugs well-known to
produce catalepsy and akinesia or lack of spontaneous loco-
motor activity. However, the other behavioral effecis of
these drugs, for instance analgesia, rigidity and physical re-
sistance or clinging are quite different [13, 19, 23]. Recently,
it has been reported that the nature of the cataleptic state
induced by morphine is also different from the cataleptic
state induced by haloperidol [9]. De Ryck ¢r al. [9] per-
formed a detailed analysis of neuroleptic and opiate
catalepsy and demonstrated that haloperidol and morphine
produced two distinct behavioral states with regard to
postural support and locomotion mechanisms. The motor
subsystem involved in locomotor activity was inhibited by
both haloperidol and morphine, but could be activated
readily by sensory stimulation in morphine-treated rats. The
motor subsystem involved in stable static equilibrium was
inhibited by morphine and remained intact in haloperidol-
treated rats; the latter animals responded to sensory stimu-
lation by displaying bracing reactions [9].
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The purpose of the present experiment was to study in
details the cataleptic state induced by intraventricular injec-
tion of B-endorphin and to compare various effects of the
opioid peptide on motor behaviors to those produced by
other cataleptogenic drugs, including morphine and haloper-
idol. Results indicated that the spectrum of effects of
B-endorphin on motor behaviors is similar to that of mor-
phine but not of haloperidol. Results indicated also that
weaker catalepsy scores are obtained with two other catalep-
togenic drugs, arecoline and GABA, and that the behavioral
profile of these drugs differs markedly from that of mor-
phine.

METHOD
Animals

Male Sprague-Dawley rats from Ferme et Laboratoire
d'Elevage Ltd, St-Constant, P. Quebec, were used. Animals
were housed in individual cages with food and water ad lib.
They weighed between 250 and 350 g at the beginning of the
experiment.

Treamments

Groups of six or more rats were administered the follow-
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ing treatments: 20 mg/kg [P morphine sulfate (BDH Chemi-
cals), 1 mg/kg SC haloperidol (McNeil Labs), 15 mg/kg IP
arecoline (Sigma Chemicals), 2 g/kg gamma-aminobutyric
acid, GABA, IP (Sigma Chemicals), 2 ug IVT etonitazene
(generously supplied by the Bureau of Dangerous Drugs,
Health and Welfare, Canada) and 6.25, 12.50 and 25.00 ug
IVT B-endorphin (Sigma Chemicals). For peripheral admin-
istration, drugs were dissolved in 0.9% NaCl and the injec-
tion volume was 1 ml/kg. except for GABA, 10 ml/kg. For
intraventricular administration, animals were anaesthetized
with sodium pentobarbital (60 mg/kg IP), placed in a
stereotaxic instrument and chronically implanted with a can-
nula into the left ventricle. Physiological saline was used as
the vehicle and the injection volume was 10 ul given over a 3
min period via a 50 ul Hamilton microsyringe. Four rats
which received either a peripheral or an intraventricular in-
jection of the vehicle were used as a control group. Behav-
ioral testing took place at least 74 hrs after surgery. Upon
completion of the experiment animals were infused with
methylene blue dye and the cannula placements were ver-
ified by gross dissection of the brain.

Behavioral Procedures

Animals were tested on at least three occasions at either
10, 30, 60 or 90 min after the injection depending upon the
treatment. Observations and measures were always taken
according to the following sequence:

Posture and activity. Rats were placed in a 16 squares
88x88 cm open field and observed at distance for 5 min.
Frequency of locomotor, rearing and grooming activities
were recorded. The posture of the animals was examined
taking into account the observations made by De Ryck [9] in
morphine and haloperidol treated rats; position of the trunk,
orientation of the head and the presence or not of wide-
broad-based support as indicated by limb position was
noted. These animals were removed from the open field and
responses to a series of behavioral tests were assessed.

Catalepsy. Three tests were used; the 10 ¢m bar test and
the 3 cm and 9 cm cork tests {20.22]. A catalepsy score, 0 to
3, was attributed according to the time rats maintained cach
of the imposed postures, up to a maximum of 60 sec. The
maximum catalepsy score was 9 points.

Rigidity. Five tests were performed to evaluate rigidity:
the rigidity score was the sum of the scores obtained on each
test: (1) The **bridge test™ [3] for which scores varied from 0
to 3 according to time limbs of the animal remained on the
bars after being properly placed. (2) The *“trunk test™ for
which scores of 0. 1 or 2 were based on the time rats re-
mained in an upright posture when held above the knee joints
of the hindlimbs [2.17]. (3) The ‘‘hindlimb rigidity test™
scored 0 or 1, a modification of the system used by Barnett ¢¢
al. [2]. (4) Stifness of the tail was assessed by lifting the tail
from the base to its two thirds with a pencil: scores of 2 were
given only when the tail could curl around the pencil. (5)
Muscle tone was scored subjectively, 0, 1 or 2, by grasping
the back of the animals. The maximum rigidity score was 10
points.

Clinging. The tonic grasping reflex was assessed by two
tests. In the **vertical grid test’” [19] the animal was placed in
the center of a rectangular (36 x40 ¢cm) wire screen ('/s-inch
mesh) and the time it remained stationary was recorded. In
the second test [15] the rat was suspended by its front paws
grasping a metal rod (0.5 cm diameter) which was held by the
experimenter about 50 ¢cm above the table. The length of
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FIG. 1. Meun catalepsy scores (£S.E.M.) for the various treat-
ments. S.E.M. scores of the control group are given horizontally.

time the animal remained suspended was noted. Results in
sec up to a maximum of 60 sec, were converted into scores
from 0 to 3. The maximum score for clinging was 6 points.

Reflexive responses. The presence or not of bracing reac-
tions to passive displacement and to a 45° tilt was assessed
[9]. Rats were inspected also for the following reflexes: right-
ing, corneal, biting and reaching [19].

Analgesia. The tail flick test was used. It consisted in the
measure of the latency, in sec. between placing the distal
third of the rat’s tail in 53°C water and noting the emergence
of the tip of the tail from the water. Failure to respond in 20
sec resulted in termination of the test. Data were obtained on
two occasions prior to any given treatment.

Body temperature. It was measured, at ambient tempera-
ture, using a thermistor probe (Yellowspring Instruments)
inserted approximately 4 ¢m into the rectum. Pretreatment
data were obtained.

Selection of the doses, routes of administration and times
of behavioral testing was made according to reported effects
of the treatments obtained with various behavioral measures
relevant to those used in the present study (5. 7. 9. 21].

RESULTS

Mean results at the catalepsy and rigidity tests were com-
pared within each treatment and the maximum effect times
were determined. Except for morphine and haloperidol, the
highest scores at these tests were obtained when rats were
tested for the first time. Observations and results are re-
ported only for the maximum effect times.

Mean catalepsy scores are presented in Fig. 1. A catalep-
tic state was induced by each of the substances examined.
The cffects of B-endorphin were clearly dose dependent; the
lowest dose of the peptide was the only treatment which did
not induce catalepsy. Intensity of catalepsy was comparable
for morphine, ctonitazene and 25 ug B-endorphin: it was
slightly stronger for haloperidol but of much lower mag-
nitude for arecoline and GABA. Scores of the latter two
groups were significantly different from those of morphine,
etonitazene, 25 ug B-endorphin and haloperidol (all ps<-0.0S
or 0.01).

The maximal rigidity scores obtained after peptide or drug
administration are presented in Fig. 2. g-Endorphin, in a
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FIG. 2. Mean rigidity scores ( * S.E.M.) for the various treatments.
S.E.M. scores of the control group are given horizontally.

dose of 25 ug. morphine and etonitazene produced intense
rigidity. Scores of the other groups were not significantly
different from that of the control animals.

Qualitative behavioral observations concerning posture,
reflexes and bracing reactions are presented in Table 1.
There was variability in the behavior of animals treated with
the two lower doses of 8-endorphin: observations and also re-
sults of the measurement of analgesia, body temperature and
clinging are not reported for the latter groups.

Control rats were very active during the 5 min period in
the open field: mean number of squares crossed was 40.2,
mean number of rearings was 15.0 and mean time spent in
grooming activities was 28.0 sec. Akinesia or absence of
spontaneous locomotor activity was a common effect of all
treatments. Animals remained immobile in a corner of the
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open field. Except for most of the animals injected with
arecoline, the akinesia was accompanied by a total disap-
pearance of rearing and grooming behaviors during the 5
min. period. Tremors, lacrymation, piloerection, teeth grind-
ing and salivation with associated grooming of the face were
noted to occur within a few minutes in rats injected with the
cholinergic agonist arecoline.

The posture assumed by animals treated with 25 ug
B-endorphin and with the two narcotic drugs, morphine and
ctonitazene, had similar characteristics; limbs, which were
adducted, did not support the body and the head was in
contact with the floor. Rats injected with lower doses of
B-endorphin did not show this lying posture although it was
occasionally seen that head support was absent. On the con-
trary, limb and head support was typical of the posture as-
sumed by haloperidol and arecoline treated rats. Front limbs
were directed forward under the head while hindlimbs were
laterally abducted: curvature of the trunk was marked in
both cases. Animals injected with GABA were akinetic with
respect to locomotor activity but were not as immobile as the
other groups: a typical posture, different from that of control
rats, could not be identified.

Examination of reflexes and bracing reactions revealed a
similar profile for 8-endorphin (only at 25 ug), morphine and
etonitazene; animals lost most of the reflexes tested and did
not show bracing reactions when passively displaced or
tilted. Opposite observations were made with haloperidol,
arecoline and GABA bracing reactions were always present
and, with the exception of the loss of the biting reflex in
haloperidol injected rats, animals retained all the reflexes
(Table 1).

Results of the measurement of analgesia. body tempera-
ture and clinging at the time when cataleptic state was maxi-
mal for the various treatments are presented in Table 2.
Arecoline and GABA did not modify any of these three
measures. B-Endorphin, in a dose of 25 ug, morphine and
etonitazene produced a strong analgesic effect. The signifi-

TABLE 1
BEHAVIORAL PROFILE OF g-ENDORPHIN AS COMPARED TO OTHER CATALEPTOGENIC DRUGS

Treatments

B-Endorphin Etonitazene Morphine  Haloperidol Arecoline GABA
Vehicle 25 ug 2u 20 mg/kg 1 mg/kg 15 mg/kg 2 g/kg
Time After
Injection (min) 30 30 10 60 60 10 30
Akinesia - ++ + + ++ ++ ++ ++
Posture
Lying - ~+ + ++ - - -
Head Downward - ++ ++ ++ - - -
Limb Adduction - ++ ++ ++ - +
Reflexes (loss of. . .)
Corneal - ++ ++ ++ - -
Righting — + + + — _ _
Reaching — + + 4 + _ _
Biting - ++ e 4+ .+ _ _
Bracing Reactions
Passive Displacement ++ - - - ++ ++ ++
Tilt 4+ + — - - ++ ++ ++

++0Observed in 80-100% of the animals.
+Observed in 50-80%of the animals.
- Observed in less than 1057 of the animals or never observed.
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TABLE 2

OTHER MEASURES OF THE BEHAVIORAL PROFILE OF g-ENDORPHIN AS COMPARED TO
OTHER CATALEPTOGENIC DRUGS

Analgesia

(Changes in Body Temperature

reaction time, (Changes in Clinging
Treatments sec)* degrees. O)* (Max score=6)*
Vehicle 0404 +0.2 = 0.20 1.4 £ 0.6
B-Endorphin 25 ug 136 + 2.4 -1.2 = 0.20 0
Morphine 20 mg/kg 16.0 = 0.8 +0.9 = 0.45 0
Etonitazene 2 ug 15.0 = 1.0 +0.4 = 0.20 0
Haloperidol 1 mg/kg 2.0+ 0.5 +0.1 = 0.32 44+ 1.5
Arecoline 15 mg/kg 0.2 =02 -0.1 = 0.48 1.0 = 0.4
GABA 2 g/kg 0.8 = 0.6 -0.1%0.12 0.3 +03

*Mean results £S.E.M.

cant increases in reaction time at the tail flick test for the
latter three treatments were of comparable magnitude
(»'$<0.01); many rats did not respond within 20 sec. How-
ever, only 25 ug B-endorphin and morphine produced
changes in body temperature; the observed changes were in
the opposite direction. Morphine exerted a significant hyper-
thermia effect; this effect was present 30 min after adminis-
tration and persisted for at least 3 hrs. On the other hand.
B-endorphin’s significant hypothermic effect was transient;
mean changes in body temperature recorded at 30 min inter-
vals after injection of the peptide were —1.2, 1.1, —0.4,
—0.1 and 1.0 degrees C. It should be noted that signs of
catalepsy, rigidity and akinesia in these two groups had
completely disappeared 2 hrs following the injection. Lower
doses of B-endorphin, 12.5 and 6.25 ug, did not significantly
modify body temperature and produced weaker analgesic
effect (data not presented). Haloperidol was the only treat-
ment to increase significantly the scores obtained at the two
clinging tests (p<0.01). On the opposite, scores were de-
creased significantly in rats injected with 25 ug B-endorphin
and with the opiates (ps<0.01). Animals slided off im-
mediately from the grid or from the bar indicating that the
grasping response had totally disappeared.

DISCUSSION

Results of the present experiment confirmed previous ob-
servations that B-endorphin, morphine and etonitazene
produce similar effects on motor behaviors [4, 5. 10, 16, 19].
The similarity of the undisturbed posture adopted by
B-endorphin treated rats and the absence of grasping and
bracing reactions in these animals suggest that the peptide
may exert, like morphine [9], an inhibitory action on the
motor subsystem involved in stable static equilibrium in ad-
dition to a blockade of locomotor mechanisms.

The cataleptic state induced by those three substances
was of similar intensity. It was accompanied by identical
changes at various tests: akinesia, rigidity, loss of several
reflexes, clinging and analgesia. However. changes in body
temperature differed following treatment. Morphine
produced hyperthermia, 25 wug B-endorphin produced
hypothermia while etonitazene had no effect. Although the
thermal effects of morphine are confusing because of a

plethora of conflicting reports [24] there is indication that
low doses of morphine cause hyperthermia in Sprague-
Dawley rats [8]. The hypothermia obtained with 8-endorphin
has been observed previously [6]. The fact that intense
catalepsy can be accompanied by opposite changes in body
temperature as well as by no changes at all, as in cases of
etonitazene and haloperidol [6]. do not provide support to
the point of view that the posture of catalepsy may be useful
in thermoregulation [18]. The possible link between
catalepsy and regulation of body temperature has to be ex-
plored further.

Results of the present experiment confirmed observations
on the differentiation of neuroleptic and opiates cataleptic
state [9, 10, 12, 13, 19]. The akinesia and catalepsy induced
by haloperidol was not accompanied by rigidity, analgesia
or, except for biting, loss of reflexes: moreover. the effects
on clinging were in the opposite direction.

Although cholinergic agonists, such as arecoline, do in-
duce catalepsy [7.14] the spectrum of effects on motor be-
haviors of this group of drugs has not been compared to that
of other cataleptogenic drugs. The present results indicated
that arecoline induced a much weaker cataleptic state than
haloperidol and opiates. It should be noted that cholinergic
signs, such as piloerection, lacrymation and tremors were
present when animals were tested for catalepsy. Tremors
had disappeared twenty minutes after injection of the drug
and there was then no sign of catalepsy. Besides catalepsy,
and clinging which were less intense. the behavioral profile
of arecoline resembled that of haloperidol: similar posture,
no loss of reflexes, presence of bracing reactions and ab-
sence of rigidity, analgesia and changes in body temperature.
Some of these observations suggest that arecoline may not
affect the motor subsystem involved in stable static equilib-
rium even though tremors are present. Hypothermia was not
observed after arecoline treatment in the present experi-
ment; such effect has been reported for a higher dose of the
drug [25].

GABA, a substance known to produce sedation and a
depression in locomotor activity [11.21] has been found also
to induce catalepsy at a high dose [1]. In the present experi-
ment, catalepsy scores obtained after GABA treatment were
only moderate: as for arecoline, GABA induced a much
weaker cataleptic state than haloperidol and opiates. A typi-
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cal posture resembling that produced by other drugs could
not be identified; animals showed no locomotor activity but
changed posture frequently and were flaccid when handled.
With the exception of clinging, the effects of GABA on the
other tests were similar to those of arecoline.

In general, the results of this experiment demonstrated
that the cataleptic states induced by various treatments are
not equivalent. However, a single dose of each drug was
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employed in the present experiment, except for 8-endorphin.
The possibility that the observed differences at the various
behavioral tests may reflect differences in potency cannot be
ruled out. It remains that assessment of catalepsy should be
accompanied by an examination of a variety of motor re-
sponses, including rigidity and physical resistance or cling-
ing.
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