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Divergent Effects of Theophylline on Adenylate Cyclase Preparations f r o m  G u i n e a - P i g  Heart and LunR 

I t  has recently been demonstra ted tha t  high concentra- 
tions ( >  20 mM).of  theophylline, an inhibitor of adeno- 
sine 3' 5' monophosphate (cyclic AMP) phosphodiesterase, 
inhibit  the  basal and epinephrine-st imulated adenylate  
cyclase activities of ra t  e ry throcyte  ghosts 1. In  the course 
of investigations concerning the tissue specificity of 
adenylate  cyclases, we noted tha t  concentrations as low 
as 6-10 m M  theophyUine inhibited adenyla te  cyclase from 
part iculate  fractions of guinea-pig lung, bu t  did  not  affect 
cyclase ac t iv i ty  from guinea pig heart .  The details  and 
implications of this s tudy are presented below. 

Ventricular muscle and lung alveolar tissue from normal 
guinea-pigs were used. Tissues were minced, homogenized 
with  4 ml of chilled buffer containing 1 m M  MgCI, 
(Mallinckrodt) and 2mM glycylglycine (Schwartz/Mann), 
pH 7.5, per  g wet wt., and centrifuged a t  1000 g for 
15 rain. The pellets were washed once with glycylglycine- 
MgCI= buffer, resuspended in buffer, and stored in small  
aliquots under liquid nitrogen unt i l  assayed for cyclase 
act ivi ty.  Assay mixtures  contained 1.2 m M  ATP (Cal- 
biochem, 3-5 x l0 s cpm [a_3,p] ATP (Internat ional  
Chemical and Nuclear Corp.), 1.8 m M  MgC12, 0.8 m M  
glycylglycine, 32 m M  Tris (pH 7.8) (Sigma), theophyll ine 
(Schwartz/Mann) and/or  unlabeled cyclic AMP (Schwartz/  
Mann), if desired, and approximate ly  150 ~tg (lung) or 
300 ttg (heart) enzyme fraction protein, in a to ta l  volume 
of 0.59 ml. After incubation for 15 rain at  37°C the reac- 
t ion was stopped and the [3,pj cyclic AMP in the assay 
mixture  was isolated, with minor modifications, by  the  
procedure of KRISHNA, WEISS and BRODIE ~, a s  described 
by  LEVEr and EPSTEIN 8. Hear t  and lung cyclase activit ies 
(nmoles [3,p] cyclic AMP measured per mg protein per 
15 min) were increased above basal  values 5- to 8-fold and 
3- to 4-fold, respectively,  by  9 m M  fluoride (Matheson, 
Coleman and Bell). Isoproterenol (Schwartz/Mann) 
s t imula ted  the hear t  enzyme ac t iv i ty  up to  80% at  
10-6-10-*M, and tha t  of lung enzyme about  60%. 

The Figure shows typical  responses of hear t  and lung 
adenylate  cyclase preparat ions to  concentrations of theo- 
phyll ine up to  approximate ly  10 mM. All theophyll ine 
concentrations tested increased apparen t  hear t  cyclase 
act ivi ty  ([3,p] cyclic AMP content  per  mg protein per 
15 min incubation, in the presence of phosphodiesterase 
activity) whereas tha t  of lung cyclase was inhibited by  
6-10 m M  theophyll ine and unaffected b y  lower concen- 
trations.  A possible in terpreta t ion of these da t a  assigns 
the  apparent  increase in hear t  cyclase ac t iv i ty  to the  
inhibition by  theophyll ine of residual cyclic AMP phospho- 
diesterase; the lung preparat ion may  contain negligible 
phosphodiesterase and thus no theophyll ine effect was 
seen unti l  concentrations had become high enough to 
inhibi t  the cyclase. Determinat ions of the  phosphodies- 
terase ac t iv i ty  of the cyclase preparat ions by  the method 
of BROOKER et al.4, using physiological concentrations of 
cyclic AMP (1.6 × 10-TM), revealed, as expected, much 
higher activit ies in hear t  (0.28 nmoles/mg protein/15 min) 
than  in lung (0.07 nmoles/mg/15 min) fractions 5. 

Unlabeled cyclic AMP ( lmM) 1,* was as effective as 
10 m M  theophyll ine in protecting nascent labeled cyclic 
AMP from phosphodiesterase action in the hear t  cyclase 
assays. The use of cyclic AMP plus theophyll ine gave the 
same ac t iv i ty  as observed with ei ther alone, indicat ing 
the absence of any  inhibi tory or s t imulatory effect of 
10 m M  theophyll ine on heart  cyclase, and tha t  the 
increase in cyclic AMP in the presence of 0.1-10 m M  
theophyll ine was a t t r ibu tab le  solely to the inhibition of 
phosphodiesterase act ivi ty.  The presence of 1 m M  cyclic 
AMP in the  lung cyclase assays did not  significantly 

affect the ac t iv i ty  ( <  5% change), nor did cyclic AMP 
alter the inhibition observed in the presence of theophyl-  
line. These results are compat ible  wi th  the  very low 
phosphodiesterase ac t iv i ty  of the  lung cyclase fractions 
and with the inhibition by  theophyll ine of lung cyclase 
discussed above. 

The differential inhibition by  theophylline of adenylate  
cyclases from lung and hear t  tissues demonstra ted above 
suggests t ha t  subtle differences may  exist  in the  ca ta ly t ic  
moiety  of adenylate  cyclases from different tissues. This 
possibi l i ty has received l i t t le  if any a t tent ion in the  
l i terature.  As a pract ical  mat ter ,  since this investigation 
has shown concentrations of theophyll ine of 10m M or less 
may  inhibi t  cyclases in some tissues, the  routine use of ca. 
10 m M  theophyll ine in assay procedures for adenylate  
cyclases may  result in decreased ac t iv i ty  in some cases. 
The effect of theophyll ine should be determined explici t ly 
for the part icular  cyclase preparat ion of interest.  
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Response of adenylate cyclase preparations from guinea-pig heart 
and lung to theophylline. Points represent duplicate determinations; 
range, ±10%. 0, lung eyelase; Q, heart cyclase. 

The essentially phosphodiesterase-free lung cyclase 
fractions would seem to be especially useful in studies of 
effects upon adenylate  cyclase of phosphodies~erase- 
active compounds, 

Zusammen]assung. Theophyll in verringert  die Aktiviti~t 
der Adenyl-Cyclase (AC) in der plasmamembranreichen 
Frak t ion  der Meerschweinchenlunge in Konzentrat ionen 
von 6-10 raM; es ha t  dagegen keinen Einfluss auf die 
Aktivi tAt der  AC in Meerschweinchenherzen. Diese Resul- 
t a l e  weisen darauf  hin, dass in verschiedenen Geweben 
geringe Unterschiede in der Enzym-Kata lyse  bestehen 
k6nnen. 
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