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Summary. The effects of n-Dopa and the dopamine receptor stimulant ET-495 on cisternal 
cAMP levels were studied in rats. L-Dopa (100--200 mg/kg) increased cisternal cAMP levels 
by 60 to 80~ of controls. When peripheral Dopa-decarboxylase was inhibited, smaller doses 
of L-Dopa were effective. Fla-63, an inhibitor of dopamine-fl-hydroxylase lowered the in- 
crease induced by L-I)opa which was completely suppressed by propranolol, not by phentol- 
amine, suggesting that the cAMP increase is mediated through a central fl-adrenoceptor 
stimulation. ET-495 failed to influence cAMP levels which argues against a dopamine-sen- 
sitive adenylate cyclase involved in the L-Dopa effect. Moreover, large increases of cisternal 
cAMP were observed after treatment with theophylline, not papaverine which suggests 
different effects of these "phosphodiesterase inhibitors" on the cyclic AMP systems in the 
central nervous system or on transport mechanisms. 

Key words: Adenosine 3',5'-Monophosphate -- Cerebrospinal Fluid -- n-Dopa --  Catechol- 
amines -- Theophylline -- Piribedil. 

Zusammen/assung. Die Wirkung yon L-Dopa und dem Dopaminagonisten ET-495 auf die 
cisternale cAMP-Konzentration wurde bei Ratten untersucht. L-Dopa (100--200 mg/kg) 
erhJhte die cAMP-Spiegel um 60--800/0. Den gleichen Effekt hatten geringere L-Dopa-Dosen 
nach Hemmung der extracerebralen Dopa-Dekarboxylase. Vorbehandlung mit dem Dopamin- 
fi-Hydroxylase-Hemmer Fla-63 verminderte die Wirkung yon n-Dopa, welche durch Propra- 
nolol v511ig unterdrfickt wurde. ET-495 beeinfluBte die cisternale cAMP-Konzentration nicht. 
Es wird geschlossen, d a$ der cAMP-Anstieg nach r,-Dopa-Anwendung fiber einen zentralen 
noradrenergen Mechanismus mit Stimulierung eines fi-adrenergen Adenylatcyklase-Receptors 
zustande kommt. Es wird ferner gezeigt, dab Theophyllin, nicht aber Papaverin, die cAMP- 
Xonzentration im Liquor stark erhJht, was unterschiedliche Wirkungen der beiden ,,Phospho- 
diesterasehemmer" auf den Stoffwechsel oder Transport yon cAMP nahelegt. 

SchliissslwJrter: Cyelisches AMP -- Liquor cerebrospinalis -- L-Dopa -- Catecholamine -- 
Theophyllin -- Dopaminreeeptorstimulans --  Piribedil. 

In t roduct ion  

P o s t s y n a p t i c  effects of  several  p u t a t i v e  neu ro t r ansmi t t e r s  appea r  to  be 
m e d i a t e d  b y  adenos ine  3 ' , 5 ' -monophospha te  (cAMP) as a "second messenger"  
(/gall, 1972). Noradrena l ine  and  adrena l ine  r a p id ly  increase cAMP levels in peri-  
phera l  and  cent ra l  nervous  t issues when app l ied  in vitro or in vivo (Cramer et al., 
1973; W e s t e r m a n n ,  1973). Dopamine  is capable  of  ac t i va t i ng  a d e n y l a t e  cyclase 
in b ra in  homogena tes  (Kebab i an  et al., 1972) bu t  unable  to  increase cAMP levels 
in in t ac t  b ra in  t issue (Kakiuch i  and  Ral l ,  1968). I n  pe r iphera l  s y m p a t h e t i c  
gangl ia  of  r abb i t s  dopamine  increased cAMP concent ra t ions  when used toge ther  
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with theophylline (Kalix et al., 1974) but  not in ra t  ganglia with or without 
theophylline (Cramer et al., 1973; Lindl and Cramer, 1975). Controversy thus 
exists as to the existance of a dopamine-sensitive adenylate cyclase in the intact  
brain. I t  has been hypothesized that  cAMP is involved in dopaminergic trans- 
mission and tha t  derangements of cAMP metabolism might be involved in the 
defect leading to Parkinson's disease (Kebabian et al., 1972). However, in parkin- 
sonian patients no changes in eerebrospinal fluid (CSF) cAMP could be found, 
and L-Dopa t rea tment  did not alter lumbar cAMP levels in these patients or in 
control subjects (Cramer et al., 1973b). Since L-Dopa is a precursor for both 
dopamine and noradrenaline and readily crosses the blood brain barrier after 
systemic administrat ion--allowing its therapeutic use in disorders of central 
catecholamine metabolism--possible influences of the drug on cAMP systems 
remain of paramount  interest. 

Despite the demonstration of potent  cAMP generating systems, high tissue 
levels of cAMP and rapid responses to activation of specific receptors for adenylate 
eyclase, the significance of cAMP systems in neurotransmission processes and 
brain metabolism remains far from clear. Pathophysiologic aspects and thera- 
peutic avenues are largely unexplored. One approach to s tudy cerebral matabolism 
and drug effects both in animals and in humans is to follow the levels of metab- 
olites in the cerebrospinal fluid (CSF), an approach which has been followed 
successfully in the s tudy of biogenic amines (Gerbode and Bowers, 1968) and 
proposed for cyclic nucleotides (Cramer et al., 1972). The aim of these experiments 
is to further substantiate the possibility to study central cyclic nucleotide metab- 
olism by monitoring CSF changes in experimental as well as in clinical conditions. 
One of the most successful drugs in the t rea tment  of Parkinson's disease is L-Dopa. 
Therefore experiments were designed in rats  in order to measure and evaluate 
possible changes in CSF levels of cAMP after the administration of L-Dopa and 
drugs mimicking its therapeutic actions or interfering with its effects. 

Materials and Methods 

For the experiments male SIP-50 rats of 250 to 350 g body weight were used. The animals 
were fed ad libitum with Altromin chow for rodents and with water. Cisternal CSF was 
obtained by suboccipital puncture with a gauge 2 cannula under light ether anesthesia. The 
duration of exposure to ether was 2 to 3 min before CSF was obtained. From each animal 
0.05 to 0.12 ml CSF was subtracted; each animal was used only once. Only clear CSF was 
used for further analysis, cAMP was determined in CSF according to Gilman (1970). 

Drugs were freshly dissolved and applied intraperitoneally, control animals received an 
equivalent amount of solvent only. L-Dopa was obtained from Ciba-Geigy, Basle, l%o 4-4602 
(N-(I)L-seryl)-N'-2,3,4-trihydroxy-benzyl)-hydrazine (HCI)) from Hoffmann-LaRoche, Basle, 
(• from Rhein-Pharma, Heidelberg, Phentolamine-HC1 from Ciba-Geigy, 
ET-495 (Piribedil) from Servier S.A., l~euilly, and Fla-63 (bis-(4-methyl-l-homopiperazinyl 
thiocarbonyl)-disulfide) from Astra Ltd., S5dertiilje. All other chemicals used were reagent 
grade obtained from commercial sources. 

Results 

To establish whether changes of cisternal cAMP levels parallel changes of 
cerebral cAMP levels, drugs known to influence the latter were applied to rats. 
Theophyline has been widely used to inhibit cerebral cAMP phosphodiesterase 
and is a drug capable of increasing baseline and drug-induced levels of cAMP in 
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Fig. 1. Time course of the increase of cAMP levels in CSF after i.p. administration of theo- 
phylline (80 mg/kg, filled circles) and papaverine (80 mg/kg, open circles). The mean levels 

are expressed as pmoles cAMP • S.E.M./ml CSF 

brain slices (Kakiuchi and Rall, 1968). A nonconvulsant dose of theophylline 
(80 mg/kg i.p.) increased cisternal cAMP levels more than two fold after 60 min 
(Fig. 1). Theophylline inhibits phosphodiesterase instantaneously and apparently 
the increase of cisternal cAMP follows intercerebral accumulation with only a 
small lag time. Papaverine which also strongly inhibits cAMP phosphodiesterase 
in several tissues (Kukovetz and PSch, 1970) failed to increase the CSF cAMP 
levels when used at equimolar dosage (Fig. 1). 

L-Dopa (200 mg/kg) increased cAMP levels with an intial time course similar 
to tha t  of theophyl]]ne but  levels declined again after 45 min (Fig. 2). I t  is well 
known that  L-Dopa is rapidly taken up into brain cells and converted to catechol- 
amines. A dose response curve for L-Dopa showed maximal effects at a dose of 
100 mg/kg with no :further increase at  higher doses (Fig. 3). 100 mg/kg probably 
is sufficient to saturate uptake in catccholamine neurones, at  very high doses 
uptake in other neurons with displacement of serotonin has been shown (Everett 
and Borcherding, 1970). When •-Dopa was applied together with a peripheral 
decarboxylase inhibitor (Bartholini et al., 1967) much lower doses of L-Dopa 
produced similar increases (Fig. 2), excluding that  the cisternal cAMP is derived 
from peripheral sources or brain capillaries. 

L-Dopa increases both dopamine and noradrenaline in brain and indirectly 
may activate adenylate eyclase via dopamine and/or noradrenaline receptors. 
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Fig. 2. Time course of the increase of cAMP levels in CSF after i.p. administration of L-Dopa 
(200 mg/kg, open circles), and L-Dopa (40 mg/kg) given 10 rain after Ro-4602 (50 mg/kg) 

(filled circles). The data are expressed as percent of controls 

40 �84 - 

(I)  

+1 
-g 
E 

v 
0 -  5" 

u 

30 

20 

~ -X- 

t l 

I I I I I 

0 50 100 150 200 
L-D OPA (mg/kg) 

Fig. 3. Dose response curve for the effect of L-Dopa on cAMP levels in cisternal CSF, obtained 
30 rain after the injection of L-Dopa. * : P < 0.05 for difference from control ; ** : P < 0.001 

for difference from control (Student's t-test) 

Influences on the metabol i sm of both  catecholamines are thought  to be i mpor t a n t  
in  the therapeut ic  act ion of the drug, because drugs act ing p redominan t ly  on 
dopaminergic receptors (such as apomorphine  and  ET-495) are considerably 
weaker t han  L-Dopa as an t ipa rk inson  agents  (Hornykiewicz, 1974). To clarify 
whether cAMP after appl icat ion of L-Dopa is increased in  CSF by  ac t iva t ion  of 
a dopamine  of a noradrenal ine  sensitive cyelase the effects of an  inhibi tor  of 
dopamine-fl-hydroxylase (FLA-63, Florval l  and  Corrodi, 1970) and  of a pure 
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Fig.4. Effect of Fla-63 (FLA) on the L-Dopa induced increase, and of ET-495 on CSF levels 
of cAMP. Fla-63 (50 mg/kg) was given 60 min prior to the  injection of L-Dopa (200 mg/kg). 
CSF was obtained 30 min af ter  the  adminis t ra t ion of L-Dopa or ET-495 (10 mg/kg). The 
numbers  in columns show the number  of rats  for each group. * and ** : P ~ 0.05 and P ~ 0.001 

for difference from control 

dopamine receptor stimulating agent (ET-495) were studied. FLA-63 markedly 
diminuished the cAMP response to n-Dopa (Fig. 4) but  it did not suppress it. The 
inhibition of dopamine-fi-hydroxylase by a well tolerated dose of FLA-63 can 
hardly be expected to be complete in vivo and when substrate is increased maxi- 
mally by L-Dopa. ET-495, a potent dopamine receptor stimulant in the central 
nervous system (Corrodi et al., 1971) on the other hand failed completely to 
influence cisternal cAMP levels (Fig. 4). 

Since from the foregoing experiments a noradrenaline sensitive adenylate 
cyelase appears to be activated after the administration of a-Dopa, we tried to 
further characterize the response by pharmacologic interferences. Propranolol 
which is a selective fi-adrenergic blocking compound and suppresses cAMP 
accumulation induced by noradrenaline in a number of nervous tissue preparations, 
completely suppressed the accumulation of cAMP in rat  cisternal fluid after 
L-Dopa (Fig. 5). Propranolol alone did neither increase nor decrease cAMP levels. 
Phcntolamine, a compound which blocks a-adrenoceptors failed to diminuish the 
response to L-Dopa (Fig.5). Surprisingly, phentolamine alone (2.5 or 5 mg/kg) 
was capable of increasing cAMP levels, although slightly less than L-Dopa (Fig. 5). 
While some Eigenwirkung of this blocker on adrenergic receptors is conceivable 
and phentolamine :may release eatecholamines (Goodman and Gilman, 1970), 
their is an intriguing possibility that  the drug eliminates an sc-adrenergic pre- 
synaptic feedback :mechanism which normally limits noradrenaline release at 
synapses (Starke, 1973). The combined administration of phentolamine and pro- 
pranolol suppressed the accumulation of cAMP in CSF (Fig. 5). 
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Fig.5. Effect of propranolol (10 mg/kg, PR) and phentolamine (5 mg/kg, PI-I) on CSF levels 
of cAMP and on the L-Dopa induced accumulation of cAMP. The blockers were given 10 rain 
prior to L-Dopa, i.e. 40 min before the subtraction of CSF. *: P < 0.05; **: P < 0.02; 

*** : P < 0.001 for differences from control (no drug) 

Discussion 

Previously it has been shown that  CSF concentrations of cAMP may vary 
independently of blood levels and that cAMP in CSF is probably derived from the 
central nervous system (Cramer et al., 1972; Sebens and Korf, 1975). 

The present results further indicate that  studies of CSF cAMP are valuable 
for the evaluation of the activity of cAMP-generating systems within the brain 
in different conditions in  vivo. Intracellular metabolite concentrations are generally 
subject to mechanisms which maintain or restore steady state conditions. Besides 
cAMP-hydrolyzing enzymes, release or overflow of cyclic nucleotides into blood 
and CSF may form an important part of means of nucleotide removal (Cramer 
and Lind1, 1974). This is also supported by the marked increase in CSF cASIP 
after inhibition of cAMP phosphodiesterase by theophylline reported in this 
study. However, theophylline possibly has other central effects than actions on 
phosphodiesterases and there is no proof that  the increase in cAMP is effeeted 
through inhibition of these enzymes. Interestingly, papaverine, which in a number 
of tissues acts as a potent phosphodiesterase inhibitor but which also is known to 
have central effects quite different from theophylline, failed to increase cisternal 
cAMP levels in these experiments. 

Similar to findings of CSF increases in homovanillic acid and 5-hydroxy- 
indoleacetic acid as indicators of presynaptic metabolic events after L-Dopa 
administration (Gerbode and Bowers, 1968), changes of cAMP concentrations 
may serve to evaluate postsynaptic metabolic effects in the second messenger 
system. 



Cyclic Adenosinemonophosphate in Cerebrospinal Fluid 331 

While in man neither chronic treatment nor acute infusion of L-Dopa was 
able to increase lumbar cAMP concentrations (Cramer et al., 1973b), a eleareut 
accumulation of cAMP is seen in eisternal fluid in rats. The increase in CSF 
cAMP after L-Dopa is moderate and transient as compared to the larger and 
longlasting effect of theophylline which is in agreement with the rapid and short- 
lasting increase in catecholamine synthesis produced by L-Dopa in rats (Everett 
and Boreherding, 1970). I t  is conceivable that  lumbar CSF levels in man may 
reflect only drastic and/or sustained cerebral metabolite changes while small 
and transient changes are without influence. This is also supported by the lack 
of spontaneous circadian variations in human lumber fluid cAMP, in contrast to 
marked oscillations of cAMP levels in ventrieular fluid of patients (Cramer et al., 
1975). 

In experimental animals it has recently been shown that  ~-Dopa enhances 
cAMP levels in the eaudate nucleus but not in cerebellum (Garelis and Neff, 1974). 
This effect was blocked when cerebral Dopa-deearboxylase was inhibited by very 
high doses of Ro 4-4602. 

In contrast to L-Dopa, ET-495 (Piribedil) which stimulates central dopamine 
receptors (Corrodi et al., 1971), failed to increase eisternal cAMP. FLA-63 which 
inhibits the enzymic conversion of dopamine to noradrenaline (Florvall and 
Corrodi, 1970) partially inhibited the rise observed after L-Dopa application. 
Recently, intracisternally injected noradrenaline has been reported to increase 
cisternal cAMP levels in rabbits, while dopamine had only weak and delayed 
effects (Sebens and Korf, 1975) which suggests indirect actions. In that  study 
nonconclusive results were obtained with L-Dcpa and therapeutic drugs acting on 
central eatecholaminergie mechanisms. In brain slices (Kakiuehi and Rall, 1968) 
and peripheral sympathetic ganglia of rats (Cramer et al., 1973) dopamine, in 
contrast to noradrenaline and adrenaline, failled to increase cAMP levels. The 
existance of a "dopamine-sensitive adenylate cyclase" in the intact animal was 
concluded from the ability of dopamine to activate adenylate cyelase in brain 
homogenates (Kebabian et al., 1972) but receptor-enzyme relationships and 
stereospecificity of transmitter-receptor interactions may be gravely impaired 
in such preparations. While in homogenates of rat  eaudate 40 ~M dopamine 
caused a maximal increase in cAMP formation of about 100~ over baseline 
values (Kebabian e~ al., 1972), in caudate slices half maximal activation of the 
enzyme was achieved by a concentration of 60 ~zM dopamine, as compared to 
30 EzM noradrenaline and 0.03 ~zM for isoprenaline as a pure/~-adrenergic stimu- 
lator (Forn et al., ]1974). Dopamine-sensitive adenylate eyclase in brain homo- 
genates is inhibited by various neuroleptic and tricyclic antidepressant compounds. 
However, no eorre]ation was apparent between the capacity of the drugs to 
inhibit the enzyme, and their antipsyehotie potency (Karobath, 1975). 

Our experiments do not support the existance of a dopamine-sensitive 
adenylate cyclase in rat  brain in  vivo. Since dopamine containing structures such 
as the striatum and the median eminence line the ventricular cavities and in- 
creased dopaminergic activity is readily reflected by increased dopamine metab- 
olite concentrations in CSF down to the lumbar level (Gerbode and Bower, 
1968), a marked accumulation of cAMP in those structures should not go un- 
observed in the cisternal fluid. 
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The finding t h a t  L-Dopa increases cAMP b y  a noradrenerg ic  mechan i sm 
cer ta in ly  does no t  exclude a func t iona l  role of  the  nucleot ide  in the  e x t r a p y r a -  
mida l  sys tem or in the  t he rapeu t i c  effects of  the  amino  acid. Other  evidence 
suggests  t h a t  noradrena l ine  formed from L-Dopa subs t an t i a l l y  con t r ibu tes  to i ts  
effectiveness as an  an t i - ak ines ia  drug  (Hornykiewicz,  1974). I n  our  exper imen t s  
propranolo l ,  a f l-adrenergic blocking agent ,  comple te ly  suppressed  t h e  accumula-  
t ion  of  cAMP in e is ternal  fluid, f l -adrenergie blocking agents  also suppress  cAMP 
accumula t ion  b y  noradrena l ine  or adrena l ine  in m a n y  cerebral  t issues in  vitro 

(Kakiuchi  and  Rai l ,  1968) and  b y  i sopro terenol  in  vivo (Wes te rmann,  1973). On 
the  o ther  hand  dopamine  effects in nervous  t issues are genera l ly  b locked b y  0r 
adrenergic  blockers  such as phen to l amine  (Kal ix  et al., 1974 ; K e b a b i a n  et al., 1972). 
Phen to l amine  was unab le  to inh ib i t  the  L-Dopa induced  accumula t ion  of  cAMP 
in our  exper imen t s  bu t  phen to l amine  alone, in con t ras t  to  propranolo l ,  was 
capable  of  increas ing cAMP signif icant ly.  Phen to lamine ,  in add i t i on  to  ac t  as a 
b locker  of  ~-adrenoceptors ,  is known to have  i m p o r t a n t  " s y m p a t h o m i m e t i c "  
ac t ions  (Goodman and  Gilman,  1970). One m a y  specula te  t h a t  these ac t ions  on 
pre- or p o s t s y n a p t i c  ca teeholaminerg ic  s t ruc tures  in b ra in  are responsible  for the  
increase in cisterna] cAMP. 
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