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Etythro-9-(2-Hydroxy-3-nonyl)adenine Inhibits Cyclic GM P-Sti m ulated Phosphod iesterase in Isolated Card iac Myocytes

Recently, an inhibitor of adenosine deaminase, erythro-9-(2hydroxyl-3-nonyl)adenine (EHNA), was shown to selectively block the activity of purified cGMP-stimulated phosphodiesterase (PDE) (cGS-PDE, or PDE2) in human and porcine heart [J.
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 21 Fig. 2. Effects of EHNA on cAMP-stimulated
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 3 Fig. 3. Effects of EHNA and other PDE inhibitors on isoprenalinestimulated 'Ca A, A frog ventricular cell was initially superfused with control cesium-containing Ringer solution. During the periods mdicated, the cell was successively exposed to isoprenaline (1 nM) alone
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 4 Fig. 4B shows the concentration-response curve for the stimulatory effect ofEHNA on 'Ca' The data were obtained in the presence of 10 p.M cAMP and 20 p.M cGMP and represent the percentage of cAMP-stimulated
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  Ca A and B, A frog ventricular cell was initially superfused with control cesiumcontaining Ringer solution and internally dialyzed with control intracellular cesium-containing solution. First arrowhead, 10 M cAMP was added to the intracellular solution, which then perfused the cell throughout the rest of the experiment. Second arrowhead, 20 M cGMP was added to the cAMP-containing intracellular solution. A, During the periods indicated, the cell was exposed to 30 M EHNA and, after washout of EHNA, to 500 M IBMX. B, During the periods indicated, the cell was exposed to 500 M IBMX, 30 j. M EHNA, 10 tM Ro 20-1 724, or a combination of IBMX plus EHNA or EHNA plus Ro 20-1724. C, A summary of the effects of EHNA (30 MM), IBMX (500 MM), EHNA plus IBMX, EHNA plus milrinone (10 SM), and EHNA plus Ro 20-1724 (10 M) on 1Ca in the presence of cAMP (1 0 M) and cGMP (20 j. M) in the intracellular solution is shown. Bars, means and standard errors of the number of experiments indicated (numbers above the bars). Addition of cGMP reduced the cAMP-induced stimulation (100%) to the percentage level indicated (cAMP + cGMP). Significant statistical differences from the cAMP-stimulated level (##) or the cAMP plus cGMP level (* and **) are indicated;
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 6 Fig. 6. Effects of EHNA in the presence of NO donors. A, Effect of EHNA on SIN-l-induced inhibition of 1Ca#{149} A frog ventricular cell was initially superfused with control cesium-containing Ringer solution. During the periods indicated, the cell was superfused with isoprenaline (1 MM), isoprenaline plus SIN-i (30 MM), and isoprenaline plus SIN-l plus EHNA (30 jIM). B, Effect of EHNA on SNP-induced inhibition of 'Ca A frog ventricular cell was initially superfused with control cesium-containing Ringer solution. During the periods indicated, the cell was superfused with isoprenaline (0.1 SM), isoprenaline plus SNP (I mM), and two concentrations of EHNA (10 and 30 SM), in the presence of isoprenaline and SNP. C, Summary of the effects of EHNA on 'Ca in the presence of isoprenaline and the NO donors SIN-l or SNP. Isoprenaline was used at 1 M and 0.1 tM for the experiments with SIN-l and SNP, respectively. On average, 0.1 M and 1 p isoprenaline induced 721 .1 ± 55.6% (n = 5) and 1326.6 ± 209.1 % (n = 5) increases of 'Ca' respectively. Bars, means and standard errors of the number of experiments indicated (numbers above the bars). Addition of SIN-i or SNP reduced the isoprenaline-induced stimulation (100%) to the percentage level indicated (white bars). Significant statistical differences from the isoprenaline-stimulated level (*, **, and ***) or the isoprenaline plus SIN-l or SNP level (## and ###) are indicated;
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 7 Fig. 7. Voltage dependence of the effects of EHNA on 1Ca#{149} A and B,The effect of EHNA (30 jtM) was examined
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 9 Fig. 9. Effects of EHNA on Ca in the presence of increasing concentrations of cGMP. A, A frog ventricular cell was initially superfused with control cesium-containing Ringer solution and internally dialyzed with control intracellular cesium-containing solution. First arrow, 5 M cAMP was added to the intracellular solution, which then perfused the cell throughout the rest of the experiment. Secondarrow, 10 M cGMP was added to the cAMP-containing intracellular solution. During the period indicated, the cell was superfused with 30 .tM EHNA, which completely reversed the inhibitory effect of cGMP. Third arrow, cGMP concentra-

This was likely due to the fact that IBMX not only antagonized the effect of cGMP on cGS-PDE but also blocked

  

						*,	p = 0.01 ; ** or ##, p < <0.001.
	not additive.		Although		not statistically	significant,	the effect
	of IBMX	often	appeared	somewhat	larger	than	that	of EHNA
	(Fig. SB). other PDE	isoforms,		particularly	PDE4,	which	was	shown
	earlier	to regulate	'Ca	in frog heart	cells (ii).	We tested	this
	hypothesis		by investigating	the effects	of Ro 20-1724,	an
	inhibitor		ofPDE4	(ii),	in the presence	ofEHNA.	As shown	in
	Fig. 5, B and	C, Ro 20-1724	(10 p.M) induced	a small	addi-
	tional	increase		in I .	However,	under	similar	conditions
	milrinone,		an	inhibitor		of PDE3	(ii),	had	no effect	on 'Ca
	(Fig. SC). This suggests	that	PDE3	was already	fully blocked
	by the concentration			of cGMP	(20 iM) present	in the pipette.
	Neither	milrinone		(n = 3) nor Ro 20-1724	(n = 5) had any
	effect	on 'Ca in the presence	ofcAMP	plus cGMP	alone,	i.e., in
	the absence		of EHNA		(ii).	
	Effects	of EHNA		on 'Ca	the presence	of NO donors.
	We next examined		the effects	of EHNA	on SIN-i-	and SNP-
	induced		inhibitions		of Ia,, in frog ventricular	cells.	In the
	experiment		shown	in Fig.	

6A, the cell was first exposed to 1

  

									and C, shows	three	sets	of current	traces	each,	which	were
									obtained	at three	different	membrane	potentials	( -25, 0, and
									+30	mV).	The	traces	in Fig.	7A were	obtained	in a cell
									intracellularly	perfused	with	either	5 p.M cAMP	alone	or
									cAMP		plus	10 M cGMP,	with or without	30 ,tM EHNA	added
									to the	extracellular	solution.	The	traces	in Fig.	7C were
									obtained	in a cell exposed	to 0.1 MM isoprenaline	alone,	iso-
									prenaline	plus 1 mM SNP,	and isoprenaline	plus SNP	plus 30
									,LM EHNA.	It appears	that	the	addition	of EHNA	in the
									presence	ofcGMP	(Fig. 7A) or SNP (Fig. 7C) mainly	restores
									the fast kinetics	of 'Ca inactivation,	which	are characteristic
									of an 'Ca that	is stimulated	by cAMP-dependent	phosphory-
									lation.		The complete	current-voltage	relationships	for I(.C, and
									'200	corresponding	to the three	different	conditions	of Fig. 7,
									A and	C, are shown	in Fig.	7, B and	D, respectively.	It
									appears	that	the	effect	of EHNA	occurs	in an essentially
									voltage-independent	manner,	which	makes	it unlikely	that
									EHNA		binds	directly	to or interacts	with the calcium	channel
									protein.	In addition,	EHNA	does	not modify	the integrity	of
									the cell membrane,	because	'200' a representation	of the leak
									current,		is not affected	by the drug	over	the whole	range	of
									potentials	explored	(Fig.	7, B and D). The	results	shown	in
									Fig. 7 are typical	ofthree	to five different	experiments.	These
									data	favor	the hypothesis	that	EHNA	affects	'(a exclusively
									via an increase	in cAMP-dependent	phosphorylation.
									Mechanism	of action	of EHNA.	So far, our results	dem-
									onstrate	that	EHNA	antagonizes	in a similar	manner	the
									inhibitory	effects	ofcGMP,	SIN-i,	and SNP on stimulated	I(.,,
									in frog ventricular	cells.	These	findings	favor	the hypothesis
									that	EHNA	does	so by inhibiting	cGS-PDE.	To test	this
									hypothesis,		we examined	the effects	of EHNA	on PDE	activ-
									ity in frog ventricle	particulate	fraction	and on the purified
									soluble		cGS-PDE.	As shown	in Fig. 8A, EHNA	did not modify
									basal	PDE	activity	in the particulate	fraction.	In contrast,	it
									reduced	cGMP-stimulated	PDE	activity	in a dose-dependent
									manner		via a decrease	in the	maximal	velocity	( V,,,,,x ). A
									maximal	75%	reduction	in Vmax	was	observed	with	30 j.tM
									EHNA		in the presence	of 5 tM cGMP,	with	half-maximal
									inhibition	occurring	at 4 M	EHNA.	EHNA	also	induced	a
									dose-dependent	inhibition	of the purified	soluble	cGS-PDE
									(Fig.	8B), whereas,	at up to 30 M,	the drug	had little	effect
									on the activity	ofsoluble	PDE1,	-3, and -4 isoforms	(Fig. 8C).
	iM isoprenaline,	which	produced	a large	increase		in 'Ca#{149} The	As for the particulate	PDE,	the effect	of EHNA	on the soluble
	cell was	then	challenged	with	30 p. i SIN-i,	which	reduced			

cGS-PDE

resulted from a decrease in Vmax, with a compara-
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