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Effect of clonidine on the noradrenergic cyclic AMP generating system in the limbic forebrain
and on medial forebrain bundle self-stimulation behavior!
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Summary. The present results show that clonidine does not mimic the agonist action of norepinephrine (NE) on the
noradrenergic cyclic AMP generating system of the limbic forebrain, but antagonizes the stimulatory effect of NE while
not influencing the action of isoprenaline. In self-stimulation behavior, clonidine decreases responding and blocks the

facilitation caused by d-amphetamine.

A number of physiological and pharmacological data are
consistent with the view that the potent anti-hypertensive
action of clonidine may be the consequence of its mim-
icking norepinephrine (NE) at central a-adrenergic re-
ceptor sites4~6. Both a presynaptic activation of «-re-
ceptors leading to a reduction in the release of NE in
brain® 7 and a direct stimulation of central post-synaptic
receptors® ® have been implicated in the mode of action
of clonidine.

Previous studies from this laboratory have demonstrated
that slices from the limbic forebrain of rats contain a
cyclic AMP generating system with properties compatible
with those of a central noradrenergic receptor displaying
partial f-characteristics® %, Because self-stimulation
behavior is selectively affected by drugs that influence
central catecholamine and particularly noradrenergic
transmission i, it was of interest to investigate the effects
of clonidine on both the limbic noradrenergic receptor
coupled adenylate cyclase system and on self-stimulation
responding.

Material and methods. Male Sprague-Dawley rats (Sprague-
Dawley, Madison, Wisconsin) weighing 180-250 g were
used for biochemical studies. The rats were decapitated
and slices from individual halves of the limbic forebrain
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Fig. 1, A Effect of various concentrations of (~)norepinephrine (NE),
clonidine (CLLO) and phenylephrine (PHE) on the accumulation of
cyclic AMP in slices from the limbic forebrain of rats. Tissue slices
were exposed to various concentrations of drugs for 10 min. Basal
control values were 22.6 4- 1.7 pmoles cyclic AMP/mg protein.
B Effect of clonidine (CLO) and phenylephrine (PHE) on the cyclic
AMP response elicited by either 5 uM (-) norepinephrine (NE) or
10 uM (-)isoprenaline (ISO). Clonidine and phenylephrine were
added 24 min, NE or isoprenaline 10 min before terminating the in-
cubation. Basal control values were 23.4 4 1.4 pmoles cyclic AMP/
mg protein. All data are expressed as the mean percentage of control
values 4+ SEM. N = 8-20; *p < 0.01.

area were prepared and incubated in Krebs-Ringer bi-
carbonate buffer (pH 7.4; 95% O,, 5% CO,) according
to slightly modified procedures of Kakiuchi and Ralliz
as described in detail by Blumberg et al.?. The slices
were homogenized using a Polytron homogenizer in
3.5 ml of 0.3 N perchloric acid. Proteins were assayed in
a 0.5 ml aliquot according to Lowry et al.13. Cyclic AMP
in the remaining 3 ml was isolated by ion exchange
chromatography (Dowex AG 50-W-X8; 100-200 mesh;
H+ form) and assayed according to Gilman?!¢. For the
self-stimulation study, 2 animals (F344 strain, Micro-
biological Ass., Walkersville, MD) were implanted in the
medial forebrain bundle (coordinates using head orienta-
tion of Konig and Klippell® 4.9 mm anterior to interaural
line, 1.5 mm lateral to saggital suture, 7.5 mm deep from
top of skull), and tested according to the procedure
described in detail by Leith and Barrett 16,

Results and discussion. NE caused a dose dependent
stimulation of the accumulation of cyclic AMP with a
maximum effect occurring between 10 and 50 uM (figure
1A). The EC;, value (concentration of NE which causes
half maximal stimulation) is approximately 8 yuM. In
contrast, clonidine and the «-agonist phenylephrine failed
to appreciably change the concentration of cyclic AMP

1~ Supported by USPHS grant MH-11468 and the Tennessee De-
partment of Mental Health and Mental Retardation. We are
grateful to Boehringer, Ingelheim, for the generous supply of
clonidine HCL.

2 Present address: Institute of Pharmacology, Polish Academy of
Sciences, Krakow (Poland).

3 Present address: ICI United States, Inc., Wilmington (Dela-
ware, USA}.

4 N. E. Anden, H, Corrodi, K. Fuxe, B. Hokfelt, T. Hokfelt, C.
Rydin and T. Svensson, Life Sci. 9, 513 (1970). ,

5 P. Bolme and K. Fuxe, Eur. J. Pharmac. 73, 168 (1971).

6 K. Starke and K. P. Altmann, Neuropharmacology 72, 339
(1973).

7 K. Starke and H. Montel, Neuropharmacology 72, 1073 (1973).
G. Haeusler, Naunyn-Schmiedebergs Arch. Pharmak. 286, 97
(1974).

9 J. B. Blumberg, J. Vetulani, R. J. Stawarz and F. Sulser, Eur.
J. Pharmac. 37, 357 (1976).

10 J. Vetulani, R. J. Stawarz and F. Sulser, J. Neurochem. 27,
661 (1976).

11 L. Stein, J. D. Belluzzi, S. Ritter and C. D. Wise, J. Psychiat.
Res. 77, 115 (1974).

12 S. Kakiuchi and T. W. Rall, Molec. Pharmac. 4, 367 {1968).

13 O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall,
J. biol. Chem. 793, 265 (1951).

14 -A. J. Gilman, Proc. natn. Acad. Sci. 67, 305 (1970).

15 J. F. R. Konig and R. A. Klippel, The Rat Brain. Williams &
Wilkins, Baltimore 1963.

16 N. J. Leith and R. J. Barrett, Psychopharmacologia 46, 19

(1976).



15. 11. 1977 Specialia 1491
Fig. 2. The effects of various doses of cloni-
dine, d-amphetamine or clonidine 4 d-am- BG 27 BG28
; : ; ; 110F 220¢
phetamine on self-stimulation responding. -
Clonidine andfor amphetamine were injected 100_4\\1‘ A o 200- o
i.p. 5 min prior to the test session after daily . Clonidine - Clonidine
responding became stable. Each panel repre- 90t o---0005mg/kg 180+ o-=-00.025mg/kg
sents the data of a single animal. Control data 2=—010 mg/kg 2=-005 mg/kg
is the X + SD of the 3 control days which 80F X o-==0020mg/kg 0~~~ 010 mg/kg
preceded each of the 3 clonidine test days. I 1
70 \
60
50¢
40r
30r
20r
[
~ a
& o ol
2 0
=3 i +~--4050mg/kg d-amph
& 110+ tb-’% 2—-4050mg/kg d-amph +010 mg/kg clonidine
100F X\ 200}
90 1801
80 1601
70t 140
601 1200
50 100r
40 801
301 \ 60
1
! \ L
20 \ 40
10F N 20
S X
. 1 1 I 1 A 1 L 1 Il 1 1
0 60 54 48 42 36 30 24 1BpA 60 54 48 42 36 30 24 1BpA

up to concentrations of 500 yM. However, both drugs an-
tagonized the stimulatory effect of NE while not signi-
ficantly changing the cyclic AMP response to the f-
agonist isoprenaline (figure 1B).

The upper panel of figure 2 illustrates the effects of
clonidine on self-stimulation behavior. The drug clearly
produces a dose-related depression of self-stimulation
responding. At the lower doses for each animal, this de-
pression is seen only at the lower current intensities while
responding remains maximal at the highest intensities,
indicating that the decreased responding is not due to
a general physical debilitation. In addition, as seen in
the lower portion of figure 2, clonidine effectively blocks
the facilitation produced by d-amphetamine.

While electrophysiological evidence - indicates that clo-
nidine can mimic the inhibitory -effects of NE on in-
dividual neurones??, the present results demonstrate that
clonidine, like phenylephrine, antagonizes the stimulatory
effect of NE on the accumulation of cyclic AMP in slices
of the limbic forebrain. Similar unexpected noradrenergic
blocking properties of clonidine on central cyclic AMP
generating systems have been demonstrated in rat cortical
slices 18,

Current intensity

The behavioral data also show that clonidine does not
mimic NE since self-stimulation responding is decreased
by clonidine whereas this behavior has been reported to
be facilitated by intraventricular NE1®. The fact that
clonidine blocks the amphetamine induced facilitation
of the bebavior could support the view that clonidine
can exert central noradrenergic blocking properties,
since NE is thought to be important for amphetamine’s
effects on this behavior?®. However, while the biochemi-
cal data demonstrate that clonidine does not mimic but
blocks the agonist activity of NE on the limbic NE recep-
tor coupled adenylate cyclase system, the behavioral
data could also be interpreted as being the consequence
of a reduction in the availability of NE due to presynaptic
a-stimulation by the drug.
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