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Summary

anti-parkinson drags, clonazepam.

Cholecystokinin  octapeptide (CCK-8),  ceruletide
(caerulein, CFR) and analogues of ceruletide produce
many central eliects. e antinoviception, behavioural
0 sedation and clevation ot the threshold for
% chemically-induced convulsions (Jurna and Zetler,
B 1981; Zetler. 19804, b. ¢, 1981¢, d). An unusual feature
is the combinauon ol pharmacological properties

dil

which are in part benzodiazepine-like (antagonism of
+ picrotoxin, thiosenicarbazide and hurman), and in
part neuroleptic-like (production of catalepsy and
ptosis, antagoni>m  of - methylphentdate-induced
stereolypy). Nevertheless. pharmacological methods
have dissociated the effects of the peptide from those
of diazepam and haloperidol (Zetler, 19814, b, 1982a).
Although obscrving the motor behaviour ol the
animals yielded knowledge of the pharmacological
‘f'_oﬁle, it is not known if the peptides would modily
experimental tremors. This question is important for
wo reasons. First, ncuropeptides and especially cho-
ecystokinin wrc assumed to play a physiological vole
gin the regulation of extrapyramidal motor-tunction
¥ (for reviews see Joliceur, Rondeau, St-Pierre, Rioux
and Barbeau, 1981; Morley. 1982) and one peplide
E (L-prolyl-1-leucylalycine amide, MIE) has been (not
unequivocally) found o possess some tremorolytic
activity and o improve the symptoms of Parkin-

Cholecystokinin octapeptide (CCK-8),
ceruletide, were studied in mice for antagonism of the tremors induced by harmine (5 mg/kg, s.c.), ibogaine
(20myg kg, s.c.) and oxotremorine (0.2mg/kg, s.c.). The following reference drugs were tested for
comparison: prolyl-leucylglycine amide (MIF), atropine, haloperidol, biperiden, ethopropazine, tri-
hexyphenidy), methixene and clonazepam. All treatments were subcutaneous, the antagonists being given
10 min (in some trials 30 min) before the tremorogen. Tremorolytic potency (EDyy) was calculated from
dose- response curves. Against the tremors induced by either harmine or ibogaine, CCK-8 and ceruietide,
as well as many of the analogues of ceruletide had greater tremorolytic potency than the reference drugs
Against oxotremorine, however, ceruletide and its most potent analogue, NIe®-CER (other analogues we' |
not tested) were inactive and MIF showed very little effectiveness. Additional experiments on hypotherr
and sedation as well as evaluation of previous studies on other central actions suggested that ih
tremorolytic effect of CCK-like peptides is independent of other central effects. The CCK-like pepl;de:
may play a physiological role in the regulation of extrapyramidal motor activity.

Key words: tremor. harmine, ibogaine, oxotremorine, cholecystokinin octapeptide (CCK-8), cer
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ceruletide (cacrulein, CER) and 10 analogues of

uletide,

sonism in man (for lterature
I’ocwt Aichner ;1(nd Kozima o G'crs.‘tenbrun(l,
) , ‘ A 1979; Dickinson and
Siater, l‘)h’il)A Sccn.nd‘ crude preparations of sub-
stance P (Im‘m brain), I'fncr shown to contain large
amounts ol CCK-8-like imMmunoreactive  “im-
purities” (Zetler, Cannon,: Poweli, Skrabanek and
Vanderhaeghen, 1979), «ntagonized the harmine-
induced tremor (Zetler, 4936) possibly because of
their content o' CCK-8 tather than of substance P,

Therefore, it was necessary (o find out whether
ceruletide and related ;WPKMCS antagonized in mice
the experimental tremors produced by oxotremorine
and the indole alkaloi's. harmine and ibogaine. The
lust compound is (lik* harmine) a hallucinogen of
plant origin (Schultes- 1969) and was used since its
neuropharmacologica’ 4Ctivity (except tremor) differs
from that of har-0¢ (Zetler, 1964). Pharma-
cokinetics and “-cn:'dl't\gcnic eflfects of ibogaine (in
the mouse) are \\,.}!-kxlcx\\'xl (Zetler, Singbart} and
Schlosser, 1972, cmgbartl, Zetler and Schlosser,
[973). so i1 was Qpcd that the ibogaine-induced
. vide another tool (o characterize
“cts. The ‘uclions ol the peptides were
compared \vill".é!m?C :" “”f)p“.]c' ‘h“l‘)l’t"‘idOI and
several anti-F - mmn‘l.m drugs. (Ihllilz_cpum wils
sanse ol (a) its powertul cligical and

emor would
tremorolytic efl

also tested b
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experimental effect against convulsions and in-
voluntary movements, such as intention myoclonus
(Browne, 1976; Goldberg and Dorman, 1976: Chung
Hwang and Van Woert, 1979; Menon, Vivonia and
Haddox, 1981), (b) the antagonism by diazepam of
harmaline-induced tremor (Mao, Guidotti and Costa,
1975) and (¢} its solubility in saline (this allowed the
diazepam solvent which had turned out to be trem-
orolytic to be avoided). Finally, MTE was used as the
sole peptide for which experience exists in man with
Parkinsonism (Gerstenbrand et al., 1979).

METHHODS

Animals

Male mice (weighing about 25g) of the NMRI
strain were used throughout (each animal used only
once). The mice were kept at an ambient temperature
of 23°C and had free access to pellet food and tap
water.
Tremors

After the subcutaneous injection of a tremorogen,
cach mouse was put in an individual glass cylinder
(16.cm in height, 11 em in diameter) on filter paper.
The presence or absence of tremors was recorded
every 5min by observing the animal for 30 sec. The
period of tremor testing fasted 30 min. For each
tremorogen the dose used was large enough to pro-
duce tremors in 100° of the mice 5, 10 and 15 min
later (Fig. 1). The tremorogenic doses (mg/kg, s.c.)
were [or harmine, S; for ibogaine. 20: for oxo-
tremorine. 0.2. According to the experiments shown
in Fig. 1. it appeared appropriate to evaluate the first
3 observation times, i.e. the first 15 min (note that
saline was administered subcutaneously 10 min be-
fore a tremorogen). In order to obtain the all-or-none
responses needed for the determination of the EDs,.
an animal was considered showing a tremorolytic
effect il it had no tremor at all, or only during 1 of
the 3 steps of observation. Drugs to be tested for
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Fig. 1. Time-course of the tremorogenic effect of harmine,
ibogaine and oxotremorine in mice alter pretreatment with
saline (injected subcutancously 10 min carlier). Abscissac:
time (min) following subcwtancous administration of a
tremorogen. Ordinate: percentage of mice showing tremor.
IHarmine: (@ - @) Smg/kg (1 =10 (@----- o)
2. 5mg/kg (1 == 10). Ibogaine: (-~ O) 20 mgkg (n = 10):
(O O) 10 mg/kg (1 = 6). Oxotremorine: ( x ) (0.2 mgkg
(n = 10).

tremorolytic activity were mostly given (s.c.) 10ming
before a tremorogen. When the waiting time wai }
30min (Table 3) the tremorogens had the same
efficacy in saline-treated mice. so that it was not’
necessary (o alter the evaluation. '

Rodv temperature .
Before giving an animal the first injection and aftet §
the end of the observation (30 min), the body tem-
perature was measured by an electric thermometet
and a probe inserted approximately 18 mm from the
anus for at feast § sec. The temperature in the labora-

tory was between 22.5 and 23.5 C. g

Prosis and inhibition of exploratory rearing

Ten minutes alter administration (s.c.) of either
saline or a drug to be tested, each animal was seated
in the glass cylinder (see above) and observed fot
15 min. Palpebral ptosis was scored by the method of g
Rubin, Malone, Waugh and Burke (1957) after the}
first S min. For the calculation of the ED,, a mouse}
with the score 2 (eyes half-closed) was considered
ptotic. The number of rearings performed by eacﬂ
mouse within 15 min was counted. The mean rearing§
activity of 10 saline-treated mice amounted tq
54 4 21 (¥ 4+ SD) rearings. A mouse was considered;
to show a reduction in rearing activity if the numbe
of rearings was less than 12, i.e. less than ¥ —28D

Statistics

The ED,. i.e. the dose that would produce
definite effect in 507, of the mice. was determined
according to Litchfield and Wilcoxon (1949). Analy
sis of variance (ANOVA, Bartlett’s test and Scheffe’s
test) was applied for multiple comparisons with one 7§
control group (Tables 5-7). Four-fold contingency
tables (Geigy. 1969) were used to evaluate the results
of Fig. 3. P < (.05 was the threshold for the verdict
of statistical significance.

Drugs

All drugs were dissolved in saline and subcuta-
neously injected in a volume of 0.l mb 10g body «
weight. Caerulein dicthvlammontum  hvdrate (ce-
ruletide) and its analogues were about U357 pure: they
were made by Farmitalia Carlo Frba and kindly
provided by Prof. Roberto de Castigione Milan;
CCK-R (90", pure) and 1-prolvlt-leucylglycine am-
ide (MIT) were purchased from Bachem (CH-4416
BubendorfiSwitzerland).  Other  drugs used  were
harmine- HC1 (Fluka). ibogamne HCT (Serva), oxo-
tremorine sesquifumarate {Serva). atropine 1,50,
(commercial), haloperidol (Janssen), biperiden HCl
(Knoll). ethopropazine -HC1 {Bayer). methixene-HCl
(Sandoz). trihexyphenidyl HCl  (Lederte)  and
clonazepam (Hoffmann- La Roche).

RESULTS

Dose response relationships

The treatment of the mice with either harmine,
ihogaine or oxotremorine (preceded by a subcuta-,
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Fig. 2. Dose-response curves of selected compounds for the antagonism of the tremor induced by cither
harmine (5 mg/kg, lower part) or ibogaine (20 mg/kg, upper part). Abscissae: subcutancously administered
doses (pmolikg, 10 min before tremorogen). Ordinates: percentage of mice showing a tremorolytic effeet
(n =10 per dose). Regression lines were drawn on probability paper. Drugs: CER, ceruletide; CCK-8,

cholecystokinin octapeptide; AN-I,
(Nie?

neous injection ol saline, to be replaced by a trem-
- orolytic compound) ehicited tremors that were present
- in 100°, of the mice 5, 10 and {Smin later (Fig. 1).
: This protocol allowed for the time-course of the
= central actions of the CCK-like peptides as shown in
previous studies (cf. Introduction; the peptidic effects,
: following subcutancous administration to mice, oc-
curred within 5 min and reached a maximum about
10 min later). Reduction of the tremorogenic dose by
50% lessened the efiect of harmine more than that of
|b0gdmu (Fig 1) This suggests that there are dilferent
dose-response relationships tor both alkaloids. The
results shown in Fig. 1 are in agreement with the
observation that (in mice, after subcutancous admin-
istration) the hall-tife both of the tremor and the
concentration in the brain was longer tor ibogaine
than for harmine (Zetler er of.. 1972). Hence, with
some resenvation. the tremorogenic doses of harmine
and ibogaine were considered 10 be equipotent, as
will be discussed. '

The tremorolytic effects were  dose-dependent,
which resulted in straight dose-response lines on
probability paper (examples are shown in Fig. 2).
Exceptions occurred with MIF when tested against
the oxotremorine-induced tremor and with some
other compounds when administered 30 min before
either harmine or ibogaine (see text). All other experi-
ments on tremor resulted e By, values expressing
the tremorolytic potency.

Harmine -induced tremor
Cholecystokinin octapeptide, cerulende. its ana-
fogues and ML exerted tremorolytic ellects (Table

analogue No.
-CER); MIG (prolyl-leucylglycine amide);

I (desulphated CER); AN-2, analogue No. 2

CLO, clonazepam,; ETH, ethopropazine.

1), Out ol 12 peptides, only 5 were clearly (ie. to a
statistically significant extent) less active than ce-
ruletide, namely (in decreasing order of potency)
analogues Nos 4, 1, 6, 10 and MIF. The peptide
NIe*-CER had about twice the potency ol ceruletide,
however, the dilterence between the EDgs ol both
pepudes was not staistically significant. Of the ana-
logues not diftering in potency from ceruletide (P
>0.05), Nos 3,5, 7, 9 and 1 were significantly less
potent than No. 2. Hence, these compounds, together
with analogue No. 2 and ceruletide may be consid-
ered to be a group of potent tremorolytic peptides of
which NI¢™CER had the greatest activity. The weak-
est tremorolytic effect was produced by MIE which
was less potent than NIe*-CER, ceruletide, CCK-8
and (the least active) analogue No. 10 by a factor of
533, 267, 178 and 7, respectively.

In separate experiments, the EDy, of ceruletide was
administered after the tremorogenic ceifect of harmine
had developed (Fig. 3). This dose of ceruletide, and
also one quarter of it, reduced the tremor within a few
minutes. This suggests that the vemorolytic effect of
the peptides (given 10 min before hurmine) was not an
artifact arising from an interference with the absorp-
tion of harmine. The short latency is in agreement
with a very rapid onset (2-5 min) of antinociception
and ptosis after subcatancous administration to mice
and rats (Zetler, 1980a; Brasch and Zeder, 1982),

thogaine-induced remor

The tremorolytic EDgs (Table 1) were of the same
order of magnitude as those uagainst the harmine-
mduced

tremor. Some  peptides were less active
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Table 1. Tremorolytic potency

G.Zrine

of ceruletide. its
L-prolyl-1-leucylglycine amide (MIF), when administered (s.c.) 10 min before either harmine or
ibogaine. The potency is expressed as mean effective dose (EDg, and 95°, confidence range)

analogues and CCK-8 and of

Harmine-induced tremor

Ibogaine-induced tremor

ED,, Slope ED,, Slope
Analogue compound No. (qemol/kg)  function  RP (pmolskg)  function RP
Ceruletide (CER) 0.36 2.70 100 0.48 2.74 100
(0.22-0.59) (0.29-0.80)
1. Desulphated CER 2.4 2.83 s 6.5* S0 7
(1.39.-3.99) o (A19-13.31T
2. NIe“-CER 0.18 323 200 0.32 1.91 150
(0.10-0.33) (0.21-0.48)
3. val®, NIe*-CER 0.67 2,02 54 0.61 322 79
(0.47-0.95) (0.37--1.02)
4. Met(O)-CER 0.88* 273 41 0.46 215 104
(0.53 1.46) (0.29-0.74)
5. (ff-Asp)’-CER 0.55 4.08 66 1.48* 2.26 »
(0.29-1.01) (0.98-2.23)
6. Phe(OH)'"-CER 3.92* 222 9 8.6* 1.91 6
(2.62-5.87) (5.74-12.79
7. Boc-Leu*-CER-(4-10) 0.42 2.73 86 0.79 2.59 61
(0.25-0.70) (0.49-1.27)
8. Boc-Nle*-CER-(4-10) 0.35 2.85 103 0.47 3.70 102
(0.21-0.60) (0.24-0.91)
9. Nle*-CER-(4-10) 0.41 2.75 88 0.51 2.28 94
(0.25-0.58) (0.34-0.77)
10. Tyr(SO,H)*-CER-(6-10) 13.1* 245 3 9.5* 2.83 5
(8.33-20.6) T (5.63-16.11)
11. CCK-8 0.54 1.93 67 2.0* 2.16 24
(0.36-0.81) (1.23-3.2D
MIF 96.0* 342 0.4 41.0* 2.64 1
(55.8-163.8) T (25.1-56.9) -
CER:  Pyr-GIn-Asp-Tyr(SO,H)-Thr-Gly-Trp-Met-Asp-Phe-NH,; note that analogues
Nos 7-9 are heptapeptides. and No. 10 is a pentapeptide. Slope function =

(EDygy/EDy + ED/ED)/2.

*Difference from the ED¢, of CER is statistically significant,
RP: relative potency (CER = 100) rounded to the nearest integer (underlined if significant).

against ibogaine than against harmine, which led to
statistically significant increases in the EDy, of ana-
logues Nos 1, 5, 6 and CCK-8. When compared with
ceruletide, analogues Nos 1, 5, 6 and 10 as well as
CCK-8 and MIF had less potency. This agrees with

100
0/0
804
60-
40
20}
.o
0 —
0 15 2% 30
min

Fig. 3. Time-course of harmine-induced tremor when cither
saline (OQ-——- Q), ceruletide (0.36 mol/kg. s.c.: @ ——@)
or ceruletide (0.09 pmol/kg, s.c., @----@) was administered
(arrow) 6 min after harmine (5 mg/kg. s.c.). Ten mice per
treatment. Abscissa: time following administration of har-
mine. Ordinate: percentage of animals showing tremor.
Note that in each group 100°; of the animals had tremor
before the injection of either saline or ceruletide. *P <0.05
for the difference from the corresponding control value
(saline).

the results on harmine except for analogue No. 5 and
CCK-8 both of which did not differ from ceruletide
in potency against harmine. Analogue No. 4 was a
little more active against ibogaine than against har-
mine (P >0.05) and thus of the same potency as %
ceruletide. In contrast to ceruletide and its analogues,
MIF was twice as active against ibogaine (P <0.05)
as against harmine. Hence. the guantitative re-
lationships between important peptides were not the
same as with the harmine-induced tremor. however,
MIE was still the least potent peptide differing in
EDy, rom NIc*-CER, ceruletide. CCK-8 and ana-
logue No. 10 by a factor of 1280 85, 21 and 4,
respectively.

The CCK-like peptides produced ptosis (as was
expected. see Table 6) that was present at the time
when the tremorogens were administered. With re-
spect to the central stimulatory nature of harmine
and ibogaine. it is a notable secondary observation
that the ptosis (even that following doses of peptide
having only a weak tremorolytic cflect) was not
reduced or abolished by these tremorogens.
Efleets of reference drugs against harmine and ihogaine

As can be scen from Table 2, alt reference drugs
were less potent than ceruletide and most of its
analogues against the tremors induced by either
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Table 2. Tremorolytic poteney ol reference drugs. when administered (s.c) 10 min before either harimine,
ibogaine or oxotremorine (for details see Table 1)

Harmine Ihogaine Oxotremorine
ED, Slope ED, Slope ED,, Slope
Drug (pmol’kg)  function  RP @umol’kg)  lTunction  RP - (rmol/kg)  function
Atropine 3.2 2.80 7 3.0 2.21 16 0.76* 212
(3.08-8.71) S (202 45 (0524112
Halopendol 35 1.76 10 4.2 224 I 1.36* 2.63
(243 4.91) (280 6.31) (0.83 2.21)
Biperiden 30.35 2,70 1 445 447 ] 1.40* 2.27
(18.2--50.9) C20.89-95.01) (0.95-2.17)
Ethopropazine 36.1 17 I 13.2* 5.88 4 1.89* 2.26
(22.4-58.3) (6.07-28.65) C(1.25-2.86)
Muthixene 57.8 170 0.6 9.5* 3.28 5 1.55% 2.17
(36.4-91.9) T (5.67-16.03) (1.05 2.29)
Trihexyphenidyl 91.7 1.65 04 272.0* 1.53 0.2 0.89* 1.39
(67.2-125.2) C209-354) T 0.72-1.09)
Clonuzepam 32 373 il 1.68 2.28 29 1.43 2.5
(1.63-6.16) (1.11 2.35) (0.86-2.38)

*Difference from the EDy, against harmine is statisu

i harmine or ibogaine (Table 1), This applies especially
! o the anti-Parkinsonian drugs, from biperiden to
trihexyphenidyl. The ibogaine-induced tremor had
for atropine, haloperidol, biperiden and clonazepam,
the same sensitivity as the harmine-induced tremor,
whereas it was more resistant*to trihexyphenidyl and
more sensitive to both ethopropazine and methixenc.

Oxotremorine-induced tremor

As was expected. all reference drugs with anti-
cholinergic properties antagonized this type of tremor
in a dose-dependent manner, which permitted the
determination ol EDy, values (Table 3). 1t was noted
that the and-Parkinsonian drugs (biperiden, ctho-
propazine, methixene and  trihexyphenidyl). were
many fimes more potent against oxotremorine than
against the two ndole alkaloids, whereas such
differences were only small with haloperidol and even
absent with clonazepam. On the other hand. ce-

Table 3. Influence of timie on the tremo

cally significant.

ruletide (0.3, 1.2 and 3.6 gmol/kg) was completely
inactive and Nie*-CER (1.5 and 6 gmol/kg) protected
only 30 and 20%,, respectively, of the animals (other
ceruletide analogues not tested). This suggested that
the tremorolytic effect of CCK-like peptides does not
comprise the oxotremorine-induced tremor. At doses
of 34, 68, 102, 136 and 272 pmol/kg MIF protected
10, 50, 30, 30 and 20°%, respectively, of the animals.
Hence, this peptide exerted only a weak effect that
wus not dose-dependent.
The tme il testing

It was not clear how the time between the trem-
orolytic treatment and the injection ol the trem-
orogen would influence the result. 1t seemed possible
that 10 min was too short a period to allow the
non-peptide tremorolytics to reach full efficiency.
Therclore, the tremorolytic EDg, against harmine and
ibogaine was determined for 8 compounds adminis-

rolytic potency ol selected compounds

Harmine-induced tremor

Ibogaine-induced tremor

EDy, ED,,
Treatment (s.¢) (umolkg)  Significance*  Factor*  (umol/kg)  Significance*  Factor*
Cerulennde (CER) 1.66 + 0.2 .85 + 0.3
(0.96- 2.88) (117290
Nie*-CER 0.31 0 0.6 1.07 + 0.3
(.18 031 (0.711.62)
Boc-Nie™-CER-(4 1) 1.03 4 (U} 1.10 -+ 0.4
(V.57 1.80) (0.58 1.76)
NIe-CER-(4 1t 1.23 1 0.3 1.26 + 0.4
(0.75 2.01) (.76 2.08)
Halopenidol 2.66 0 1.3 223 0 1.9
(146 483 (.14 434
Methinene 43.0 1] 1.3 Excitement (see text)
(28.8 03.3)
Trihenyphemdyi 247 f 04 222 0 1.2
(125 b (146 338)
Clonazepam 4.33 0 0.7 6.02 + 0.3
(291 7.04) (3.11 11.66)

The tactor results from ED,. 10min-ED,,. 30 min.
In these experiments, a tremorogen was adminsstered 3

*Statistically significant difference from the ED, (10 min. shown in Tables | and 2) present (+) or absent (0).

b after treatment.
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Table 4. Potency of ceruletide and 4 non-peptidic reference drugs for the inhibition
of exploratory rearing activity, and for the production of palpebral ptosis

Inhibition of rearing

D, tand 957 -confidence range) Slope
Drug (semol-kg. s.c) function  Ptosis
Ceruletide 0.015(0.012 0.02Y .54 Present*
Haloperidol 044 (025 0.77) 338 Absent
Clonazepam L3 (091 1.86) 216 Absent
Methixene 56 (45.6 69.0) 1.48 Preseat?®
Trihexyphenidyl Lot (66.6 151.9) 2.07 Absent

*EDG gemol kg s.cl) for the production of ptosis: ceruletide, 0.012 (0.0097 0.016y:

methixene, 108 (74.6 157.6).

tered 30 min belore the tremorogens. The results,
presented in Table 3. show that none of the non-
peptide drugs increased in potency when the waiting
time was 30 min (there was only a tendency with
haloperidol versus ibogaine). Depending on the type
of tremor, losses in potency occurred after 30 min
with trihexyphenidyl and clonazepam. This suggests
that the waiting time of {0 min was appropriate. The
potency of the peptides was mostly decreased after
30 min. Nevertheless, it is obvious that ceruletide and
its analogues still had EDgs less than those of
methixene, trihexyphenidyl and clonazepam. Inter-
estingly. the combination of methixene and tbogaine
produced signs of central excitation (running. jump-
ing, Straub’s tail) that made tremor testing impos-
sible.

No dependable dose response relationships were
obtained with MIF (30 min) of which 20, 40, 60 and
80 mg/kg was tested against harmine and 40, 80, 160
and 320 mg/kg against thogaine (n = 10/dose). The
strongest tremorolytic effect of MIF was 60° ) protec-
tion against harmine (MIF, 40 mg/kg) and 50,
protection against ibogaine (MIF, 320 mg/kg).
Obviously, MIFE had lost most of its activity 30 min
after  administration  (approximate  ED¢,  values
against  harmine, 109 pmol/kg: against ibogaine,
1092 pimol/kg).

These results suggest that the differences in potency
shown in Tables | and 2 were not artifacts arising
from the protocol which possibly favoured 1 com-
pound more than another. It is also clear that the
tremorolytic action of MIF was shorter lasting than
that of ceruletide and those of its analogues that were
tested 30 min after administration.

Sedative effects of reference drugs

Whether, or to what extent the central depressant
actions ol the CCK-like peptides are essential for the
tremorolytic effects will be discussed. Therefore, it
was important to learn if the reference drugs had any
sedative potency. This was studied for inhibition of
rearing and production of ptosis. Rearing was dose-
dependently inhibited by haloperidol, clonazepam,
methixene and trihexyphenidyl (Table 4). On a molar
basis, these drugs were much less active than ce-
rufetide. In the dose range used to determine the EDy,
only ceruletide and methixene produced ptosis, how-

ever, the EDg, for methixene was 9000 times larger

than that of ceruletide. Neither inhibition of rearing

nor ptosis was seen after administration of the fol- i

lowing drugs (n = 12 per dose): hiperiden (5, 10, 20 %

and 40 mg/kg. s.c.); ethopropazine (8 and 20 mg/kg, 3

s.c.): atropine (2 and S mg/kg. s.c.); MIF (20. 80 and

320 mg/kg. s.c.). Biperiden even enhanced the rearing

activity at all doses used.

Tremor and body temperature

The CCK-like peptides produce hypothermia in

mice and ceruletide is most potent in this respect
(Zetler, 1982b). Table 5 refers to the question of
whether the hypothermic and the tremorolytic effect
may be connected (only a few relevant examples are
shown in this table). When the pretreatment was

saline, both harmine and-ibogaine were hypothermic, 8
but ibogaine much less so in spite of the equality in 4

tremorogenic effect. Ceruletide, (f#-Asp)-CER and
CCK-8 augmented these decreases in temperature
(note the dillerences in strength of the eflect), but
Met(O)-CER very weak in this respect;
Nie*-CER-(4 -10). however. abolished the harmine-
induced hypothermia, but augmented (at the same
dose) the hypothermic effect of ibogaine. Differences
between the thermoregulatory effects of the two
tremorogens were also seen with MIF and
clonazepam: the former was inactive against harmine
and auntagonized ibogaine, whereas the latter did not
alter the effect of ibogaine but increased that of
harmine. These differences between treatments, to-

was

gether with the tremorolytic equieffectiveness of the i
same treatments suggest an independence between 4

antagonism of tremor and lowering of body tem-
perature.

DISCUSSION

This study demonstrates that CCK-8, ceruletide
and analogues of ceruletide antagonized dose-
dependently the tremors caused by both harmine and
ibogaine. but not the oxotremorine-induced tremor.
This was parallelled by MTF, for which (as in present
experiments) doubtful  tremorolvtic  effects
against  oxotremorine  have  been described
(Plotnikoll, Kastin, Anderson and Schally, 1972;
Castensson. Sievertsson, Lindeke and Sum. 1974;

only
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Kruse, 1977: Bjorkman, Lewander and Zetterstrom,
1980; Dickinson, Shiter and Longman, 1981). It must
therefore be stressed that the antagonism of harmine
and ibogaine by MIF (demonstrated for the first
time) was  clear-cut,  dose-dependent  and  re-
producible. All the CCK-like peptides were far more
" potent thun MIF against the indole alkaloids. and
© many of them were also superior to the non-peptide

. reference compounds. 2 s sl e Qe B
Haloperidol and the anti-Parkinsonian drugs were é g3 Z cigicicigei| g &

4 6-100 times more potent against oxotremorine than & £E |~ " nl B g
against harmine, and this may be explained by their g QEl g fzemeazlE 0
central anticholinergic mechanism of action. Never- s o low owerea g g
“theless, the ED),, values of these drugs against oxo- 8 £3 o090 g T g s
tremorine were mostly above 1 pmol/kg, and hence 2 |4 g.;, SO HHHAHHHA|E
larger than those of many CCK-like peptides against g = 2ET ptbe BB Sl - =
the indole alkaloids. This stresses the potency of the 9 | £ e T S "E
peptides. =) 5 8 a
"~ The tremor induced by ibogaine had features g |2 . g z w

¥ different from those of the harmine-induced tremor. & E § £ Llggzss8=2s8s ¥ .tl
Many CCK-like peptides, although not all of them, 2 £ s \" s~
were less eftective against ibogaine than against har- 3 3 2 :
mine. In contrast, MIE was twice as potent against 2 & 2 3
ibogaine than against harmine, and this is similar to Ea °‘3’-’?‘n R S
ethopropazine and methixene that were 3 and 30 2 3 Qe o ; e
times, respectively, more active against ibogaine than By " wld =
against harmine. Hence, the 2 indole alkaloids were g E gl 3 sz = SZT s
useful to differentiate the tremorolytic effects of MIF ze 5 ; _ o N L
from those of COK-like peptides. It may also be 9 ‘5’ %g 5 s ‘.2 oo e E g %
presumed that harmine and ibogaine produce tremor é‘ £ Z o Ee
by different mechanisms. Thercefore, it is important o o % c2 |BEssasyell sy
pote that iboga alkaloids, in contrast to harmine, gf_ﬁ -5:‘4‘56 fl Tl?l 3 flflfl i g Si
?nlagonizc the cataleptogenic effects of reserpine and gglw SR | ~cmoe i —oot g ; E
prochlorperazine in mice, but do not inhibit mono- E"TE E“ S 5 TR I %5
amine oxiduse (Zetler, 1964). g g " §c%

- This discussion presupposes the 3 different frem- ] © 5 g Sg

.. orogens 1o ;‘)mducg (at the doses used) tremors of the o £l 8 g Sleccococol §§
same intensity. This cannot be taken for granted but 1 - STmoasae 22 g
is suggested by the finding that (a) the majority of < g Zgeg
peptides and non-peptidic drugs antagonized har- = ; Eg g3
mine and ibogaine at the same doses and (b) g PR IS a ‘g 282 <
glonazepum was cquipotent against all 3 trem- £ ] Eﬁ RS- I g 2 X
orogens.” However, the latter fact also suggests the g = = . g 25
tremorolyuic effect of clonazepam to be feast specilic. 5 E & e pal

The many central cffects of CCK-like peptides g g %é&;?
comprise those that can be considered depressant or & .§ & s 2 2 E? a,
sedative, i.c. ptosis-producing, rearing-inhibiting, :a;u E B & 0 g 250 d
cataleptogenic and hexobarbital-potentiating cifeets. = s O g £52%8 4%
Itis not clear whether the tremorolytic actions under U ) %é’ag < R|Z 5’5 ?,i
study were simple consequences ol a general depres- :‘ 2 E E = Xf % 5 by g g "';;‘:rté_‘ o,
sion of central functions. To discuss this problem, it z & AVUZELZOZE0 PR
is very uscltul to consider, besides cerufetide and = Wi—cesvicrol= B &
CCK-8 the 7 analogues of cerulende for which (a)
tremorofytic ED.» eaist and (b) the strength of the
sedative action can be expressed as an EDy, as
previously determined (Zetler, 1981d, 1982¢). 1t was

appropridte not o prefer one of the depressant
effects, but 1o caleulate for each etfect an index
expressing s strength relative to that of the trem-
orolytic eflect, and to evaluate the resulting 36 indices
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of sedative influence. Table 6 refers to the harmine-
induced tremor and suggests a tremorolytic potency
not running parallel with the capability to inhibit
rearing activity, to produce ptosis. to elicit catalepsy
and to prolong the hexobarbital-induced sleep. Com-
pared with these 4 properties, the tremorolytic po-

tency of ceruletide was less by a factor of 24, 30, 33
and 17, respectively. However, CCK-8 exerted de-

[} ot
pressant ‘“‘side effects” which were many times less E o e
. . . . . R =
prominent than with ceruletide (ptosis being an ex- g & % gl * S E. Er S .
. . ~ . . - ot
ception). The geometric mean of the indices of seda- sE S .2 g % s s |88
ive i . sedats m E o | & Z O ZZ |g8
tive influence may express the strength of sedation - o L0 N T
. . . . = 1 o .
relative to the tremorolytic effect. From this point of cE 2 £d
. . « -
view, ceruletide and Val®Nle*-CER were the least 2 E 2l gw ><v%°\
favourable compounds, whereas (ff-Asp)’-CER and S £ - &y
-~ . . o e P A A »* * o
Nie"-CER-(4--10) were the peptides with the most = § &g FZe z
. R 0 =& -
selective tremorolytic effect. @2 e é (o= 2‘3
. . . . . 8
When this evaluation was applied to the ibogaine- 8 gl € %é)
induced tremor (Table 7). it was again obvious that é 12 I 2 | 83
. - . . - - - N
the tremorolytic effect was least sclective with ce- EE51S g § =Sl AR PR
) ruletide and its analogues Nos 2 and 3, but much ] 3 f gET Sg
P more prominent with the other analogues. However, Szl © 48
S . . . 2 g
s a closer inspection of Tables 6 and 7 shows that the A ES] ° s » Zg
R . . R = = e~ —_ = = a2
P results varied with the type of tremor. Whereas the : =~ S=TA oo a8
N tremorolytic effect of Nle*-CER-(4-10) was of equal § 2 - o
¥ : . . . ~ - [aa) — > s
' distinctness, that of both (f#-Asp)’-CER and CCK-8 ° s“ Timygacz> kS
. . o=
was more pronounced with harmine, but that of £ é 8
: Met(O)*-CER more so with ibogaine. Nevertheless, 85w glgeganee o~ Eg
: . o 3
i both Tables may suggest that the tremorolytic effect T 3 L
! is not a simple result of a ge 1 d ssi f 92 < 5=
o s a simp s a general depression o g2 Slgromame — 2|37
! central nervous function. This view is stressed by the R g g
. . I~ -
; tremorolytic effects of desulphated ceruletide, 2 s JHlataveszs 2 = EE
I . = e —_ ==
j Phe(OH)"-CER and Tyr(SO,H)"-CER-(6-10), which g3 = SRR ” EL
‘ . . : =@ EE3
A were omitted from Tables 6 and 7 because they have 2k SloBlzronyxg g 3 £3
P . . . L = - —rgEt X ol 4
oo been found in previous studies to exert only minimal, =8 270 1 g A
; [ o p y 5 = o g
! 1 il any depressant effects. : G g Olaciowngmot o ~ 8:"
! Methixene was the sole reference drug that pro- SE ECE|TTURAIT B T Ept
duced, like ceruletide, both inhibition of rearing and 9 : ® 5; 3
. . . , . 25 0 5 < o= wnm x o ETe
ptosis. However, this property did not provide methi- oz = o famRsn EANRA] sV
. . o oh o -
xene with more tremorolytic potency than etho- g o g ak
. . . = 3
propazine (Table 2) that did not cause any sedation. g é = 28EET 832 % Z(e35:
Likewtse, the tremorolytic effects of atropine. bi- 8= 572
. N . e £a8
periden and MIF were not accompanied by reduced = E8E
. . . ] v -
rearing and ptosis. On the other hand. haloperidol S E . é;%
was not more tremorolytic than clonazepam in spite = 2 c<s .8 8
. . L ER] 44 & 38
of its being more rearing-inhibiting than the benzo- =% o IT = EZ%w
. . . . . . . P = —.Sc
diazepine. Without going into further details, it scems 52 e 5 @ g 5.
be clear that the tremorolvtic effect of 8.2 QUuoog ¥ uSE
to be clear that the tremorolytic effect of both the 25 2 Q07T o E5c
. . g . = DTN 3] S ka
peptides and the non-peptidic reference drugs is not < 5 6 z ’é“ai —7£ Hoe|Z B g
a simple consequence of a general central depression. o5 ff) % =3 < g é % 5 3 g'ﬁ
. . » 5 2 ' = R
Hypothermia, too, can be excluded as a causative ] s|OZ>5wda 7 UIE+Fg
[ Z! i A < 9

factor for the tremorolytic action of the peptides and
the reference drugs. This suggests itself not only from
the present results (Table 5) but also from a com-
parison of tremorolytic with hypothermic potency
of analogues of ceruletide (Zetler, 1982b). It may
suffice to mention that Nle®-CER was more tremoro-
lytic than ceruletide in spite of having only 22,
of the hypothermic potency of ceruletide. or that
Boc-Leu®~-CER-(4-10), Boc-Nle*-CER-(4-10) and
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Fable 7. Appraisad of the importance of sedation for the antagonism of the ibogaine-induced tremor. For
details, see Table 6 (this applies also to the values of REA, PTO, CAT and HEX)
Index of sedative influence
Stutistics
Geometrne Difierence Difterence
No ab ace ad are mein from CIIR from
CER 32 40 44 23 337
2. NIC-CER 12 32 46 6 18.0 NS No. 3, NS
IoNVaE NICER 8 24 Sl 19 20.8 NS
4 MonOy CER 2 09 O (8 1.7 b No. 3*
So¢-Asp)-CER ] [§ 6 2 4.4 *4 COK-8**
7. Bocd cu-CER-(4 1) h) 6 21 3 6.0 ** CCK-8, NS
3. Boo Nlem-CER-(4 1) 7.5 [§ 1l 3 6.2 **
No. 2**
9 NIC-CER-(4 1)) 1 3 ) | 24 ** No. §**
CCK-g**
COR-8 6 40 11 il 13.1 *

POL003 P <001,

NIg:-CER-(4 10) were virtually as tremorolytic as
ceruletide although having only 4 to 8°, of the
. hypothermic potency.

~ The question of a relationship between the trem-
orolytic potency of CCK-like peptides and their
i antagonism of convulsions induced by both harman
and picrotoxin (Zetler, 1981d, 1982¢) is worth dis-

% cussing in view of the ideu (1) that harmaline may

* owe ils tremorogenic aclivity to an interaction with
the benzodiazepine receptor (Robertson, 1980) and
- {b) that CCK-like peptides may modify the function
of the "GABA receptor regulator unit” (Zetler,
1980b, 19814, c. 1982¢): a further hint is the marked
tremorolytic action of clonazepam which has very
 high affinity for the specific benzodiazepine receptors
in rat and human brain (Braestrup and Squires, 1978;
- Méhler and Okada, 1978). In fact, tremorolytic
- potency  was high  with  peptides having good
anti-harman  and  anti-picrotoxin activity [CER;
NIe!-CER: Val* NIe3>-CER; Boc-Nle!-CER-(4-10))
and vice versa [desulphated ceruletide; Phe(OH)!"-
~ CER; TynSOH)-CER-(6 10)). However, Nl
% CER-(4-10) is a notable exception because its tre-

* morolytic activity parallelted that of ceruletide,
whereas its harman- and picrotoxin-antagonistic
activity was only 16 and 8°, respectively, that of
ceruletide.

Ceruletide and haloperidol have been found to be
equal in antistereotypic potency (model: methyl-
phenidate-induced compulsatory gnawing in mice),
whereas CCK-8 wus less active by a factor of 3.3
(Zetler, 19814a). These relationships are not confirmed
by the present results on harmine-induced tremor
(peptides superior 1o haloperidol; no diflerence be-
tween ceruletide and CCK-8) nor by those on
ibogaine-induced tremor (peptides and haloperidol
equal in activity) or those with oxotremorine (only
haloperidol active). Certainly, analogues of ceruletide
having high tremorolytic potency [Nie*-CER; Boc-
NIe®-CER-(4 10): NIe*-CER-(4-10)] were also very
active as antistereotypics, however, desulphated ce-
ruletide and  Phe(OH)"-CER  clearly were trem-

np 220

orolytic whilst they exerted no antistereotypic ellect
in doses up 10 79 and 59 gmol/kg, respectively
(Zetler, 1981d). Tt may be concluded that trem-
orolytic and antistercotypic actions are independent.

It follows from this discussion that CCK-like pep-
tides have a tremorolytic activity that is not just a
functional consequence of any other central effect
discussed. The present results also demonstrate that
CCK-like peptides have pharmacological properties
which would enable them to play a role in the
physiological regulation of involuntary motor activ-
ity (see Introduction). Indeed, cholecystokinin recep-
tors that also bind caerulein (Hays, Beinfeld, Jensen,
Goodwin and Paul, 1980) are decreased in basal
ganglia and cerebral cortex of Huntington’s chorea
(Hays, Beinfeld, Jensen, Goodwin and Paul, 1981)
and CCK-8 immunoreactivity levels are lower in the
substantia nigra from Parkinsonian patients (Studler,
Javoy-Agid, Cesselin, Legrand and Agid, 1982). Ac-
cordingly, CCK-like peptides might be useful in
disorders such as tremors or intentional myoclonus.
For this purpose the heptapeptide, Nie*-CER-(4- 10)
would be a candidate, because its tremorolytic effect
was least burdened with other central depressant
effects (see Tables 6 and 7). However, side effects
from both the intestinal tract and the circulation may
be envisaged.
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