
SHORT COMMUNICATIONS 

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

(Receivrd 21 October 1979: mccepted 27 Dewmher 1970) 

Vanadate (vanadium in the +5 oxidation state: VW. 
VO&) increases the force of contraction of ventricular 
cardiac muscle [l-b]. This positive inotropic effect might 
be due to a vanadate-induced inhibition of (Na’ + K+)- 
ATPase which reportedly occurs in red blood cells (5. h] 
and in membrane preparations from kidney [7,8] and heart 
[2,8,9]. However. vanadate haa also been shown to stimu- 
late adenylate cyclase activity in particulate fractions from 
fat cells [IO] and heart [4. 111. But it is wail known. 
especially from studies with fluoride (for rev&w see ref. 
12), that the ability of any agent to activate adenylatc 
cyclase in broken cell preparations does not neccssariiy 
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 papillary muscles 
isolated from cats 
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Cats (0.6-I.7 kg) were pre-treated with rcsrrpine (Scr- 
pasil ampoules. C’IBA. 5 mg per kg i.p.. IS-18 hr before 
being killed) in order to avoid any influence from released 

catecholamincs. ‘l-he animals wcrc anacsthctircd with 
sodium pentobarbital (30 mg per kg. i.p.) and papillary 
muscles (diameter 1 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 contracttons 
as described previously [i-i]. The bathin! solution (50 ml) 
containing (mM) NaCl. 1X.9; KCI. 5.3: C~CII. 1 .ri: ~MgClz, 
1.05; NaHzPOd. 0.Q; NaHCO?, 11.9: NalEDTA, 0.O.i; 
ascorbic acid, 0.7-X; glucose, 5.5 wab equilibrated with 05C; 
02 + 5% CO:! and maintained at 35”: the pH was 7.4. The 
preparations were driven electrically at a frequency of 
0.2 Hz (du~~ti(~n 5 msec. intensity about 10 per cent above 
threshold). Drugs used were anhydrous ammonium van- 
adate (NHJVOJ; Merck. Darmstadt. F.R.G.) and (?)- 
isoprenaline HCI (Boehringcr. Ingelheim, F.R.G.). The 
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compounds were freshly dissolved in prc-warmed and pre- 
aerated bathing medium and injected into the tissue cham- 
her in volumes of I .5 ml or less at 7cro time. At the end 
of the experiment. the prep~~r~~ti~~ns wcrc quicki\ frr~rcn 
with metal tongs pre-cot&d in liquid nitrogen. I& cyclic 

AMP content of the preparations was determined by the 
method of Gilmnn [I-i] in the same manner a~ dcscribcd 

previously [ 151. The drugs tested did not intcrfcrc with the 

cyclic AMP assay. c’ychc AMP and force of contraction 
were always mcasurcd on the same preparations. r\dcnqlatc 

cvclnse and phosphotlicstci-ase activities of cat right \cn- 

tricuiar preparati~~ns \vere deWrmincJ by previously 

described methods f I&1X] (f or dctarls WC kgentl to Fig. 
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2). Protein was meusurcd by the method 01 Lo\\r! <‘! ~11. 

11% 
The effects of 300 FM NHIVOI (;I suhmaximali~ etfcctivc 

positive inotropic c(~rlcci~tr~Iti~~n: see ret. I ) on cvclic AMP 

levels and force of contraction arc ~llustrntcd fin Fig. I. 
Vanadate incrcasctl the lrrrce of contraction within 15 min 
hy ahout 65 per ccnl. Cyclic AMP lcvcls roe significant& 

within 5 min hy about 20 per cent and remained clrvatcd 
thercaftcr. Thus. the positive inotropic action of vanadatc 

appeared to bc grcatcr than its cyclic AMP elc~atingeffect. 
isoprenaline was qudicii for ccmip;iri\on at an incubation 

time of 1 min. Thk time %\‘a\ chosen bccausc the cffccis ot 

isoprenaltne on cyclic AMP levels anti iorcc oi contracti<m 
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positive lnotropic Effect of 

Ammonium Vahdate (A) and lsoprenaline (8) 

200 msec 

5mN 

a: Control 

b: 300,uM NH&f03 

a: Control 

b: 0.3wM lsoprenaline 

i 
10 mN 

Cat papillary muscle; 0.2 Hz; 

1.8 mM Ca + + ; 35°C: 

Fig. 3. Effect of300 @I ammonium vanadate (panel A: incubation time 15 nxn) andO. PM tsoprenaline 
(panel B; incubation time I min) on isometric contractions (oscilloscope records) of cat kolatcd papillary 
muscles driven electrlcallv at a frcquenq of 0.1 Hz. Curve a. control: curve b. after the addition of 

h’HaVC?ior isoprenalinc. ‘The tcmpcraturc was 35 and the cxtraccllular Ca’ ’ concentration was I .S ntM. 

are maximally developed alter 1 min f?Oj. I‘he isoprcnafinc 

concentration selected (0.3 FM/ wa\ such that isoprenaline 
produced a positive inotropic effect 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 cyclaae which was stimulated 
in a concentration-dependent manner (Fig. LA). It should 
be noted that vanadatc and isoprenaline. in the conccn- 
trations used for the above mentioned experiments (300 
and 0.3 b&M, respectively). stimulated sdenylntc cvclase to 

roughly the same extent. The ~.aitdci;rtc-produ~e~l.increase 
in adenylate q&se activity was not affcctcd by I FM 

(k)-propranolol (data not shown). Vanadate in conccn- 
il;Itl<>ns up to 1 mM had no effect 013 cyclic AMP phospho- 

diesterase (Fig. 2B). 

agonist isoprenaline (for literature see ref. 21). but rather 
prolonged it, as is shown in Fig. 3. 
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