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ELLINWOOD, E. H., JR., W. J. K. ROCKWELL AND N. WAGONER. A caerulein-sensitive potentiation of the
behavioral effects of apomorphine by dibutvryl-cAMP. PHARMACOL BIOCHEM BEHAV 19(6) 969-971, 1983.—The
dopaminergic behavioral effects of apomorphine in rats were evaluated using a rating scale. Caerulein, a decapeptide
physiologically similar to cholecystokinin, enhanced at lower doses and inhibited at higher doses the behaviors induced by
apomorphine. Dibutyryl-cAMP, but not dibutyryl-cGMP, potentiated apomorphine behaviors. This potentiation was
inhibited by a high dose of caerulein. These data provide evidence for an opposing effect of cAMP and caerulein or

cholecystokinin in modulating dopaminergic systems.
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HOKFELT er al. [11] found cholecystokinin (CCK)-
immunoreactive cells in three dopamine (DA) cell areas, i.¢.,
the ventral tegmental area, the rostral substantia nigra com-
pacta, and the pars lateralis. They also noted that many of
the CCK cells contain tyrosine hydroxylase and that after
6-hydroxydopamine injection into the lateral hypothalamus,
most tyrosine hydroxylase and CCK-immunoreactive fibers
disappeared in the DA terminal areas: nucleus accumbens,
tuberculum olfactorium, and bed nucleus of the stria termi-
nalis. These findings are strong evidence for CCK being
integrally linked with certain DA neurons and terminals.
Caerulein, a decapeptide [7], and cholecystokinin
(CCK-8), a structurally and physiologically similar octapep-
tide, substantially inhibited high dose (50 mg/kg IP)
methylphenidate-induced stereotyped gnawing in rats [20].
Caerulein was quite active, being approximately one-third to
one-fifth as potent as haloperidol in blocking this DA-
mediated behavior. Despite this robust caerulein and CCK-8
inhibitory effect on methylphenidate-induced behavior, the
underlying pre- or postsynaptic mechanisms remain elusive.
In recent presynaptic DA activity studies Fuxe ¢t al. [8]
reported that CCK fragments (1 nmol in 30 wl IVT in rats)
reduced DA turnover in parts of the caudate and accumbens
nuclei. whereas Kovacs ¢t al. [14] reported an increased
turnover (350 mg/kg of aMPT + 200 pug/kg CCK-8 IP in
mice). Skirboll et al. [19] demonstrated that CCK (2-16
ng/kg IV in rats) increased DA cell firing in the substantia
nigra and ventral tegmental areas (VTA). although a low
concentration sometimes reduced firing in the VTA. Thus
far, the reports on the relationship of CCK to central
presynaptic dopamine effects lack an overall internal consis-
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tency, probably because of the variation in dose and route of
administration, especially in light of the narrow window
biphasic dose response relationship which is a major finding
of this report.

Peripherally, caerulein and CCK stimulate amylase se-
cretion by the pancreas and CCK stimulates contraction of
smooth muscle [12,16]. Dibutyryl cyclic GMP (Bt,cGMP)
inhibits both of these actions [12], and inhibits CCK binding
in rat pancreatic plasma membranes [13]. Furthermore,
Bt,cGMP stimulates and CCK inhibits feeding behavior in
sheep [3]; in contrast, Bt,cAMP stimulates pancreatic
amylase secretion which is further augmented by CCK [15].

In fasted mice Saito er al. [17] found significant increases
in CCK binding secondary to an increased number of CCK
receptors in the olfactory bulb and hypothalamus, but not in
other brain regions. Whole brain CCK levels are not changed
with fasting [10,18].

If CCK receptors are altered in starvation, we questioned
whether this may be related to the starvation facilitation of
DA-mediated behaviors, locomotion and stereotypy [2]. To
assess further the brain peptide-dopamine interactions in-
volved, we have questioned: (1) In addition to the reported
presynaptic interactions, is there a peptide effect on
postsynaptic dopamine mechanisms, i.e., does CCK or the
more potent caerulein inhibit apomorphine-induced behav-
iors? (2) Does Bt,-cGMP, the peripheral CCK receptor
antagonist, or Bt,-cAMP alter apomorphine-induced activ-
ity? If so, is this alteration affected by caerulein?

METHOD

Male Sprague-Dawley rats weighing 230-260 g were im-
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FIG. 1. Mean (=S.E.M.) effect of intraventricular saline (n=12),

caerulein 0.3 ug (n=9) and 0.8 ug (n=6) on SC apomorphine (0.25

mg/kg)-induced behavior as a function of time following injections;

differences from saline indicated by *p <0.05; **p<0.01.
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F1G. 3. Mean (+S.E.M.) effect of intraventricular Bt,-cAMP 4.48
©g (n=6) and saline (n=6) on apomorphine (0.25 mg/kg)-induced
behavior as a function of time following injections; differences be-
tween treatments indicated by *p<<0.05; ***p <0.005.

planted with a headpiece containing bilateral cannular guides
(26 ga) extending into the lateral ventricle (see [4] for the
method). The headpiece was configured and stereotaxically
placed to allow the internal cannula to be positioned at A 5.4
mm, and VD 3.3 mm ventral to the dura (DeGroot Atlas).
Drugs administered were Bt,-cAMP and Bt,-cGMP
sodium salt (Sigma Chemical Company) in saline infused in
each ventricle in 0.2 pl increments every 30 sec for a total of
2.0 ul. Caerulein (Sigma) was instilled bilaterally in 0.2-ul
increments every 12 sec for a total of 2.0 ul in each ventricle.
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FIG. 2. Mean (+S.E.M.) effect of intraventricular Bt,-cGMP 9.9 ug
(n=7) and saline (n=>5) on apomorphine (0.25 mg/kg)-induced behav-
ior as a function of time following injections. There were no signifi-
cant (p>>0.05) differences at any time points.
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FIG. 4. Mean (=S.E.M.) effect of intraventricular caerulein 1.6 ug
(n=6) and saline (n=6) on Bt,-cAMP 4.45 ug facilitation of apomor-
phine (0.25 mg/kg)-induced behavior as a function of time following
injections; differences between treatments indicated *p<0.0S.
**Xp<0.005, **¥¥»<0.001.
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Apomorphine hydrochloride (Merck) was injected sub-
cutaneously as a 0.1% sodium metabisulfite aqueous solu-
tion. All drugs other than apomorphine were given intraven-
tricularly to avoid variability in absorption kinetics. For each
day the temporal order of drug administration is noted in the
figures. In each figure the animals shown were divided into
two groups (three for Fig. 1) and each group was adminis-
tered the two treatments in alternate sequence. There was a
10-day interval between treatments.

Apomorphine (0.25 mg/kg)-induced behavior was as-
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sessed using a rating scale specifically designed for
dopamine-induced responses [6]. Student 7 tests were used
to analyze differences between treatment effects.

RESULTS

In an initial experiment we found that intraventricular
(IVT) caerulein at 0.3 ug potentiated apomorphine (0.25
mg/kg)-induced behavior, whereas a higher dose, 0.8 ug,
inhibited the apomorphine effect (Fig. 1). Bt,-cGMP (18.6
nmol IVT) had no effect on apomorphine-induced behavior
(Fig. 2) and doses ranging from 5 to 75 nmol IVT failed to
establish an effective dose (data not shown). In contrast,
Bt,-cAMP (18.6 nmol IVT) augmented apomorphine behav-
ior at the time of peak apomorphine effect (Fig. 3). Caerulein
(1.6 ug IVT) was effective in inhibiting the apomorphine
Bt,-cAMP-induced activity (Fig. 4).

DISCUSSION

The biphasic (facilitation/inhibition) caerulein dose effect
on apomorphine behavior raises the possibility that gastric
peptides have more than one mechanism of interaction with
dopamine systems. Although the studies were designed to
test postsynaptic interaction, the potentiation by the 0.3 ug
IVT dose of caerulein on apomorphine may represent a
facilitation of presynaptic dopamine release, since the small
doses of apomorphine used induce submaximal behavioral
effects and can still be augmented by presynaptic release.
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The overall effect could represent a caerulein neuromodula-
tor inhibition or antagonist-like effect on both pre- and
postsynaptic receptors, with the presynaptic sensitivity
being greater. Kovacs et al. [14] reported that sulfated and
nonsulfated CCK-8 (10> M CCK-8) potentiated potassium-
induced release of [*H] DA from striatal slices. Bt,-cAMP
stimulates tyrosine hydroxylase in striatal slices [1] and in
soluble enzyme preparations [11], and reduces the inhibition
of tyrosine hydroxylase by apomorphine [S]. In our studies
neither caerulein (unpublished results) nor Bt,-cAMP (see
Fig. 3) increased motor activity prior to the administration of
apomorphine, as might be expected with a potentiated
dopamine release. Fuxe ¢t al. {8) also did not find increased
dopamine turnover following CCK IVT administration.
The substantial caerulein inhibition of apomorphine and
Bt,-cAMP potentiated apomorphine-induced stereotypy in
the absence of an effect on predrug activity is difficult to
interpret. Our studies do indicate that Bt,-cGMP, the CCK
antagonist in the periphery, does not have a postsynaptic
dopamine modulating action on behavior. Overall, our data
are consistent with the hypothesis that CCK serves a behav-
iorally significant modulating role on dopamine activity.

ACKNOWLEDGEMENTS

This research was supported by U.S.P.H.S. Grant DA-00057 and
the Kern Family Fund.

REFERENCES

1. Anagnoste, B., C. Shirron, E. Friedman and M. Goldstein. Ef-
fect of dibutyryl cyclic adenosine monophosphate on C'-
dopamine biosynthesis in rat brain striatal slices. J Pharmacol
Exp Ther 191: 370-376, 1974.

2. Antelman, S. M. and L. A. Chiodo. Dopamine autoreceptor
subsensitivity: A mechanism common to the treatment of de-
pression and the induction of amphetamine psychosis? Biol
Psychiatry 16: 717-728, 1981.

3. Della-Fera, M. A., C. A. Baile and S. R. Peikin. Feeding elicited
by injection of cholecystokinin agonist dibutyryl cyclic GMP
into central ventricles of sheep. Physiol Behav 26: 799-801.
1981.

4. Dougherty, G. G., Jr. and E. H. Ellinwood, Jr. A simple
multiple-cannula headpiece for the rat. Phvsiol Behav 26: 897-
900, 1981.

5. Ebstein, G., C. Roberge, J. Tabachnick and M. Goldstein. The
effect of dopamine and of apomorphine on dB-cAMP-induced
stimulation of synaptosomal tyrosine hydroxylase. J Pharm
Pharmacol 26: 975-977, 1974.

6. Ellinwood, E. H., Jr. and R. L. Balster. Rating the behavioral
effects of amphetamine. Eur J Pharmacol 28: 35-41, 1974,

7. Erspamer, V., G. Bertaccini, G. deCaro, R. Endean and M.
Impicciatore. Pharmacological actions of caerulein. Experientia
23: 702-703, 1967.

8. Fuxe, K., K. Andersson, V. Locatelli. L. F. Agnati. T. Hokfelt,
L. Skirboll and V. Mutt. Cholecystokinin peptides produce
marked reduction of dopamine turnover in discrete areas of the
brain following intraventricular injection. Eur J Pharmacol 67:
329-331. 1980.

9. Goldstein, M., B. Ebstein, R. L. Bronaugh and C. Roberge.
Stimulation of tyrosine hydroxylase by cyclic AMP. In: Chemi-
cal Tools in Catecholamine Research. Amsterdam: North Hol-
land, 1975, pp. 257-264.

10. Hansky, J., C. Soveny and M. Persich. Factors influencing
levels of cholecystokinin and bombesin in the brain gut of rats
(Abstract). In: International Svmposium on Brain Gut Axis: The
New Frontier, edited by N. Baeso, E. Lezoche, V. Speranza
and J. H. Walsh. Florence, Italy, July 1981, p. 79.

11. Hokfelt, T., J. F. Rehfeld, L. Skirboll, B. Ivemark, M. Gold-
stein and K. Markey. Evidence for coexistence of dopamine and
CCK in mesolimbic neurons. Nature 385: 276-278, 1980.

12. Hutchinson, J. B. and G. J. Dockray. Inhibition of the action of
cholecystoKinin octapeptide on the guinea pig ileum mesenteric
plexus by dibutyl cyclic guanosine monophosphate. Brain Res
202: 501-505, 1980.

13. Innes, R. B. and S. H. Schneider. Cholecystokinin receptor
binding in brain and pancreas: Regulation of pancreatic binding
by cyclic and acyclic guanine nucleotides. Eur J Pharmacol 65:
123-124, 1980.

i4. Kovacs, G. L., G. Szabo, B. Penke and G. Telegdy. Effects of
cholecystokinin octapeptide on striatal dopmaine metabolism
and on apomorphine-induced stereotyped cage climbing in
mice. Eur J Pharmacol 69: 313-319, 1981,

15. Peikin, 8. R., C. L. Costebader and J. D. Gardener. Actions of
derivatives of cyclic nucleotides on dispersed acini from guinea
pig pancreas. J Biol Chem 254: 5321-5327, 1979.

16. Peikin, S. R. and J. Ryan. Dibutyryl cyclic GMP: A competitive
inhibitor of CCK-stimulated smooth muscle contraction. Clin
Res 28: A283, 1980.

17. Saito, A.,J. A. Williams and 1. D. Goldfind. Alterations in brain
cholecystokinin receptors after fasting. Narure 289: 599-600,
1981.

18. Schneider, B. S., J. W. Monahan and J. Hirsch. Brain cholecys-
tokinin and nutritional status in rats and mice. J Clin Invest 65:
1348-1356, 1979.

19. Skirboll, L. R., A. A. Grace, D. W. Hommer, J. Rehfeld, M.
Goldstein, T. Hokfelt and B. S. Bunney. Peptide-monoamine
coexistence: Studies of the actions of cholecystokinin-like pep-
tide on the electrical activity of midbrain dopamine neurons.
Neuroscience 16: 2111-2124, 1981.

20. Zetler, G. Differential cataleptogenic and antistereotypic effects
of caerulein and haloperidol. Neuropharmacology 20: 681-686,
1981,



