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SHORT COMMUNICATIONS

Stimulatory effect of vanadate on cyclic AMP levels in cat papillary muscle

(Received 21 QOctober 1979 accepted 27 Decemnber 1979)

Vanadate (vanadium in the +35 oxidation state; VOi~,
VO43‘) increases the force of contraction of ventricular
cardiac muscle [1-4]. This positive inotropic effect might
be due to a vanadate-induced inhibition of (Na™ + K™)-
ATPase which reportedly occurs in red blood cells {5. 6]
and in membrane preparations from kidney [7, 8] and heart
[2, 8, 9]. However, vanadate has also been shown to stimu-
late adenylate cyclase activity in particulate fractions from
fat cells [10] and heart [4,11]. But it is well known,
especially from studies with fluoride (for review see ref.
12}, that the ability of any agent to activate adenylate
cyclase in broken cell preparations does not necessarily
imply an increase in cyclic AMP levels in intact cells and
hence a physiological significance. Therefore, we studied
the effect of vanadate on cyclic AMP levels in intact cardiac
muscle preparations and report here that vanadate actually
produces an elevation of cyclic AMP levels, together with
an increase in force of contraction in papiltary muscles
isolated from cats.

Cats {0.6-1.7 kg) were pre-treated with reserpine (Ser-
pasil ampoules. CIBA. 5mg per kg i.p.. 15-18 hr before
being killed) in order to avoid any influence from released
catecholamines. The ammals were anaesthetized with
sodium pentobarbital {30 mg per kg. i.p.) and papillary
muscles (diameter I mm or less) were dissected from the
right ventricles. The preparations were attached to a plati-
num stimulating electrode and mounted individually in
glass tissue chambers for recording isometric contractions
as described previously [13]. The bathing solution (50 mi)
containing (mM) NaCl. 136.9; KCL. 5.4: CaClo. 1.8: MgClz,
1.05; NaH:POu4., 0.42; NaHCOaz, 11.9; Na:EDTA, 0.05;
ascorbic acid, 0.28; glucose, 5.5 was equilibrated with 95%
02 + 5% CO2 and maintained at 35°; the pH was 7.4, The
preparations were driven electrically at a frequency of
0.2 Hz (duration 3 msec. intensity about 10 per cent above
threshold). Drugs used were anhydrous ammonium van-
adate (NHaVOs: Merck. Darmstadt. F.R.G.) and (*)-
isoprenaline HCI (Boehringer, Ingelbeim, F.R.G.). The
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Fig. 1. Effect of 300 uM NH,VO: and 0.3 uM ()-isoprenaline (Iso) on force ol contraction (open
symbols) and cyclic AMP levels (lilled symbols) in cat isolated papillary muscles driven clectrically at
a frequency of 0.2Hz. Left ordinate: cyclic AMP in pmoles/mg wet wt. Right ordinate: foree of
contraction in % of the corresponding zero time values, The ordinates were scaled so that they coincided.
Abscissa: time between drug addition and removal of the preparations from the organ bath. Significant
differences from zero time values are marked with asterisk (P < 0,030 Student’s -test). One hundred
per cent of force of contraction was 1.62 = 0.14 g - mm = (N = 39), Figures beside the symbols denote
number of experiments for bath cvelic AMP levels and foree off contraction,
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compounds were freshly dissolved in pre-warmed and pre-
acrated bathing medium and injected into the tissue cham-
ber in volumes of 1.3 mi or less at zero time. At the end
of the experiment. the preparations were quickly frozen
with metal tongs pre-cooled in liquid nitrogen. The cyelic
AMP content of the preparations was determined by the
method of Gilman [14] in the same manner as described
previously [15]. The drugs tested did not interfere with the
cyclic AMP assay. Cyclic AMP and force of contraction
were always measured on the same preparations. Adenylate
cyclase and phosphodicsterase activities of cat right ven-
tricular preparations were determined by previously
described methods [16~18] (for details see legend to Fig.

A

&L isoprenaline
o —® NHaVO3

Adenylate cyclase activily
(nmoles c~AMP/mg protein x 10 min)
N

2 7 v

Short communications

2). Protein was measured by the method of Lowry er al.
[19].

The effects of 300 uM NH1VO: (a submaximally effective
positive inotropic concentration: see ref. 1) on cvelic AMP
levels and force of contraction are illustrated 10 Fig. L
Vanadate increased the toree of contraction within 15 min
by about 65 per cent. Cyclic AMP levels rose significantly
within 5 min by about 20 per cent and remained elevated
thereafter. Thus, the positive inotropic action of vanadate
appeared to be greater than its eyclic AMP elevating effect,
Isoprenaline was studied for comparison at an incubation
time of 1 min. This time was chosen because the effects of
isoprenaline on cyclic AMP levels and foree of contraction
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Fig. 2. Panel A. Concentration-dependent stimulation of adenvlate eyclase activity by ammonium
vanadate and isoprenaline. Particulate fractions were prepared from homogenates of cat right ventricles
and adenylate cyclase activity was assayed as described previousty [16]0 using the protein-binding assay
of Gilman [14] to determine the eyclic AMP formed. The assay contained 40 mM Tris—HCH (pH 7.4),
SmM MgClz, 0.3 mM ATP. 0.01 mM EGTA. 7 uM 5'-guanylylimidodiphosphate, 0.3 mM papaverine-
HCI, 5 mM creatinc phosphate, 0.1 mg/ml creatine Kinase. I mg/ml bovine serum albumin. 200 uM
KHCO: and 20 ul enzyme suspension (approximately 40 pg protein) in a total volume of 100 gl The
reaction mixture was preincubated for 3 min at 37°. The reaction was started with the enzyvme preparation,
carried out for [min at 37° and was terminated by the addition of 300 ul ice-cold sodium acetate
buffer, 200 uM. pH 4.0. Cyclic AMP was assaved after 60-fold dilution of the samnples. Under these
conditions, NHaVO;: and isoprenaline did not interfere with the assay procedure. Values are
means = S.E.M. of five experiments. Pancl B. Failure of ammonium vanadate to affect cvelic AMP
phosphodiesterase activity. Soluble phosphodiesterase (12,500 g) was prepared from homogenates of
cat right ventricles according to Boudreau and Drummond [17]. Phosphodiesterase activity was deter-
mined by the method of Thompson and Appleman [18] but with chromatographical separation on QAE-
Sephadex A-25 columns. Substrate concentration was | aM and protein concentration was HL7-
27.3 geml Values are means © STML of five experiments.
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Positive Inotropic Effect of
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a: Control
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a: Control
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Cat papillary muscle; 0.2 Hz;
1.8 mM Ca™ ™; 35°C;

Fig. 3. Effect of 300 uM ammonium vanadate (panel At incubation time 135 mun) and 0.3 uM isoprenaline
{panel B; incubation time | min) on isometric contractions {oscilloscope records) of cat isolated papillary
muscles driven electrically at a frequency of 0.2 Hz. Curve a, control: curve b, after the addition of
NH.VOsorisoprenaline. The temperature was 357 and the extracellutur Ca®* concentration was 1.8 mM.

are maximally developed after | min |20/, The isoprenaline
concentration selected (0.3 uM) was such that isoprenaline
produced a positive inotropic eftect similar to that of van-
adate. Figure 1 shows that isoprenaline, in contrast to
vanadate, was nearly equally effective in increasing cyclic
AMP and force of contraction.

The cyclic AMP elevating action of vanadate was entirely
due to an effect on adenylate cyclase which was stimulated
in a concentration-dependent manner (Fig. 2A). It should
be noted that vanadate and isoprenaline, in the concen-
trations used for the above mentioned experiments {300
and 0.3 uM, respectively). stimulated adenvlate cyclase to
roughly the same extent. The vanadate-produced increase
in adenylate cyclase activity was not affected by | uM
{x)-propranolol {data not shown). Vanadate in concen-
trations up to 1 mM had no effect on cyclic AMP phospho-
diesterase (Fig. 2B).

The results indicate that vanadate is capable of increasing
cyclic AMP levels in intact cardiac muscle preparations.
This effect is due to an activation of adenylate cvclase
which in turn is not mediated by beta-adrenoceptor stinu-
lavion, These data suggest that the adeny late evelase-stimu-
lating effect of vanadate might actually be involved in the
agent’s positive motropic action. However, in contrast 1o
isoprenaline, the cyclic AMP-clevating action of vanadate
seemed to be less pronounced than the positive inotropic
effect. It is therefore probably safe to conclude that the
merease in cvelic AMP may contribute 1o the positive
inotropic effect of vanadate. but that other mechanisms
appear to be also involved. It is also worth noting in this
context that vanadate did not abbreviate the isometric
contraction as characteristically did the beta-adrenoceptor

agonist isoprenaline (for literature see ref. 21), but rather
prolonged it, as is shown in Fig. 3.
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On the mechanism of morphine action on rat striatal dopamine metabolism

{Recetved 17 September 1979 accepted 33 November 1979)

Morphine is known to decrease motor activity and to
increase striatal dopamine metabolism in rats [1]. Several
hypotheses have been invoked to explain these cffects
which are presumably mediated by activation of opiate
receptots in the CNS sinee they are abolished by the mor-
phine antagonist naloxone. Kuschinsky {1] and Celsen and
Ku: hinsky {2] have proposed that morphine causes a
diversion of intraneuronal dopamine to nonfunctional
metabolism and decreases the rate of dopamine releasc,
actions consistent with both the akinesia and increased
metabolism of dopamine. Others |30 4] have proposed that
the morphine-induced increase of dopamine metabolism
may be due to indirect stimulation by morphine ol dopa-
minergic impulse fow, Thus, turning behavior, induced by
¢ither an agonist of dopamine receptors, apomorphine. or
an antagonist. haloperidal. in rats with unilateral striatal
fesions. is inhibited by morphine {3} Also. the morphine-
induced increase of dopaminergic impulse flow has a slow
onsel of action compared with known direct acting dopa-
mine agonists or antagonists (4] Costa er al. |3] have
proposed that a pre-synaptic enkephalinergic action on
dopamine nerve terminals enhances release of dopamine
per impulse. According 10 their proposal, apomorphine ar
haloperidol may cither inhibit or activate a cholinergic to
enkephalinergic loop leeding back on the dopamine nerve
ending to cither inhibit or activate tyrosine hydroxytase.
The first two hypotheses are compatible in that decreased
neurogenic rdease of dopamine would be expected o
reflexty increase impulse flow o the nigralstriatal pathway.
All three proposals are in harmony with the observed
add tive effects of morphine and chlorpromazine. a dopa-
mir receptor blocker, to inerease striatal dopamine metab-
olism {6}

The first two hypotheses mentioned above can be tested
by using an tmp-ilse-dependent releaser of dopumine. Such
a drug is the potent ONS stimulant ambonclic acid (AFA)
17}, The refease of dopamine per impulse is enhaneed by
AFA such that, if haloperidol is co-administered i order
ain impalse How in the presence of AFAw 10-
Snee - dopamdne metabolite concentrinthoes resalts

18]. Inhibitors of dopamine impuldse Jow tie. apomorphine
or y-butyrolactone) prevent the synergism ol these two
drugs [8]. Shore er «f. 17] proposed that AFA and vther
nonamphetamine stimulants enbance the transier of dopa-
mine from a large storage pool 1o a releisable pool s that
gregter amounts of transmiticr are refeised per impulse.
If morphine deereases the neurogenic release of dopamine
and diverts dopamine to non-functional metabolism. then
AFA. which afone causes a slight increase of dopamine
metabolism {8]. would be expected o cither inhibit the
morphine-induced increase of dopamine metabolism or
show an additive etfect, but not a marked sviergism. How-
ever. i morphine is indircctly driving impulse Bow {4,
AFA would be expected to oxhibit a suprivadditive offect
on dopamine metabolism when combined with morphine
in @ manner analogous to the interaction of AFA with
hatoperidol,

The hypothesis of Costa et al. [8] that the presumed
dopamine autorcceptor is actually a pre-synaptic opiate
receptor, activated by a cholinergic—enkephalinergic toop.
can be tested by using the y-butvrolactone (GBL) modct
for studying dopamine pre-synaptic receptors, Administra-
tion of GBL inhibits nigral dopamine neuronal impulse
flow and increases dopamine levels and tyrosine hydroxyl-
ase activity in the striatum [9]. This effect of GBL may be
due to cither decreased extrancuronal dopamine available
for binding 1o pre-synaptic antoreceptors [9] or activation
of pre-synaptic enkephalinergic neurons subsequent 1o
decreased dopaminergic activity [3]. The latter possibility
can be tested by observation of the effects of pretreating
with either morphine. which shoutd enhance. or maloxone.
which should inhibit the effect of GBL on dopamine levels,

Female Spraguc-Dawley rats ( Holtzman, Madison. Wy,
200250 g, were given various drugs s.c.. exeept for GBL
which was given i.p.. and hilled by chloroform asphyxiation
at the times noted in the wbles, The brains were rapidiy
removed. chilled i ice-cold suline. and the corpora striata
dissevted out amd frozen over diy ioes Assavs were por
formed  the ~amw Pabvdrosyphembwvte aond
DOPACY wos memsunst By orzame extrachon amd Hue
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