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Summary 

Cyclic AMP and cyclic GMP phosphodiesterase (3 ' :5 '~yclic-AMP 5'-nucleo- 
t idohydrolase,  EC 3.1.4.17) activities were compared in soluble (105 000 × g 
supernatant) and particulate (105 000 X g pellet of  700 X g supernatant) frac- 
tions of  heart  and aorta of  hypertensive and normotensive rats at 5 pjVI and 100 
p_M substrate concentrations. Cyclic AMP phosphodiesterase activity was signif- 
icantly higher (P < 0.05) in particular fractions of  hypertensive rat aorta at 
100 gM, while no significant changes were observed in heart. Cyclic GMP phos~ 
phodiesterase activity was significantly increased (P < 0.05) in particulate and 
soluble fractions of hypertensive rat heart compared to normotensive rat at 
both  substrate concentrations, but  there were no differences in aorta. When 
phosphodiesterase activities in the soluble fractions of aorta and heart were 
examined as a function of enzyme concentration, rectilinear rates were observed 
with micromolar, bu t  not  with millimolar concentrations of cyclic AMP or 
cyclic GMP. Double reciprocal plots for cyclic AMP phosphodiesterase activity 
were non-linear in heart and aorta supernatants. Similarly, cyclic GMP phos- 
phodiesterase yielded non-linear kinetics in heart supernatant,  however, the 
plots were linear for aorta supernatant.  Particulate fractions of heart showed 
linear kinetics for cyclic AMP and cyclic GMP phosphodiesterase and the K m 
values were in the range of  high Km for soluble enzymes. V in hypertensive rats 
was approximately doubled compared to normotensive rats for cyclic AMP and 
cyclic GMP phosphodiesterase. These data suggest that  altered phosphodiester- 
ase activity could result in a change in cyclic nucleotide index in the cardiovas- 
cular tissues of hypertensive rat. 

Introduct ion 

It is well accepted that intracellular levels of cyclic nucleotides play an 
important  role in the regulation of contraction-relaxation mechanism of vascu- 
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lar smooth [1,2] and cardiac muscle [3--5]. Results obtained with agents caus- 
ing smooth muscle relaxation either by stimulating /3-adrenergic receptors or 
inhibiting phosphodiesterase activity suggest that relaxation of smooth muscle 
is due to elevated cyclic AMP levels [6,7]. Although the physiological role of 
cyclic GMP in smooth muscle contraction is not clearly understood, the levels 
of this nucleotide, however, are increased by agents that cause contraction in 
smooth muscle [8]. Alternately, increase in cyclic GMP in myocardium 
results in suppression of cardiac contraction [9] and increase in cyclic AMP 
stimulates force and rate of contraction of myocardium. 

A possible association between cyclic nucleotide metabolism and the hyper- 
tensive disease was suggested when low levels of cyclic AMP were observed in 
the cardiac and vascular tissues of spontaneous, stress, neurogenic and DOCA 
hypertensive rats [11--15]. Amer [10] proposed that the ratio of cyclic AMP 
to cyclic GMP rather than their absolute concentration is of biological signifi- 
cance in regulation of contraction-relaxation mechanism of vascular smooth 
and cardiac muscle in normal and hypertensive rats. 

Regulation of cyclic nucleotide levels in biological systems is a function 
chiefly of both the rate of synthesis and the rate of degradation. The attempts 
made to study the enzymes responsible for the synthetic and degradative mech- 
anisms in the hypertensive state have resulted in varying results. Thus the 
decrease in cyclic AMP concentration has been attributed by Amer's group 
[10--12] to an increase in cyclic AMP phosphodiesterase (3':5'-cyclic-AMP 5'- 
nucleotidohydrolase, EC 3.1.4.17), whereas, Ramanathan and Shibata [14] 
have observed no change in phosphodiesterase activity and have correlated the 
decrease in cyclic AMP to low levels of adenylate cyclase. Furthermore, 
Triner et al. [16] and Klenerova et al. [17] have reported no change in phos- 
phodiesterase activity in cardiovascular tissues of hypertensive compared to 
normotensive rats. Phosphodiesterases have been shown to be present in solu- 
ble, as well as particulate, fractions [18], however, all the studies in hyperten- 
sive animals, cited above, have been carried out with tissue homogenates using 
different substrate concentrations. The available data therefore presents an 
enormous problem in comparing the results of different investigators and also 
in assessing whether the differences are in soluble or particulate phosphodies- 
terase in the vascular and cardiac muscle of hypertensive and normotensive rats. 

It was, therefore, of interest to reinvestigate the levels, and the kinetics of 
cyclic nucleotide phosphodiesterase(s) in the soluble and particulate fractions 
from heart and aorta of hypertensive and normotensive rats using both cyclic 
AMP and cyclic GMP as substrates. In the present study, we have observed that 
cyclic AMP phosphodiesterase activity is significantly increased in particulate 
fractions of aorta when assayed at 100 #M cyclic AMP concentrations in hyper- 
tensive rats. Similarly, cyclic GMP hydrolysis is significantly increased in solu- 
ble, as well as particulate, fractions of hypertensive rat heart at both 5 pM and 
100 pM cyclic GMP. 

Experimental procedures 

Materials. Dowex 1 X 8 200--400 mesh (C1- form), cyclic AMP, cyclic GMP, 
snake venom (Crotalus atrox), Tris base, ethyleneglycol bis(~-aminoethyl- 
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ether)-N,N'-tetraacetic acid (EGTA) and theophylline were purchased from 
Sigma Chemical Co., St. Louis, Mo. Aquasol, cyclic[3H]AMP (3.8 Ci/mmol),  
and cyclic[3H]GMP (7.8 Ci/mmol),  [14C]adenosine (0.05 Ci/mmol), and ['4C]- 
guanosine (0.5 Ci/mmol) were obtained from New England Nuclear, Boston, 
Mass. 

Animals. Age-matched male and female Kyo to  Wistar hypertensive rats 
(SHR) and Kyo to  Wistar (WKY) normotensive rats (12--16 weeks), from a 
colony maintained at the University of Iowa through inbreeding of original 
strain of Okamoto  and Aoki [19] were used throughout  this study. Preopera- 
tive systolic pressure was determined in the unanaesthetized state by  the tail 
plethysmographic method using an automatic cuff-inflator-pulse reading system 
manufactured by  Technilab Instruments. The values + S.D. were 136 + 8.3 mm 
Hg (n = 83) and 187 + 18.3 mm Hg (n = 75) for normotensive and hypertensive 
rats, respectively. 

Preparation o f  cell fractions. The rats were killed by direct heart puncture 
while they were under light ether anesthesia. The heart ventricles and aorta 
f rom arch to bifurcation were removed and cleaned of loose connective tissue 
and adherent fat. The tissues were washed twice with cold homogenizing buffer  
(20 mM Tris.  HC1, pH 7.4) to wash blood and then homogenized in 7--10 
vols. cold buffer  using a Polytron (Brinkman) at a rheostat  setting of 2.6 for 
3 × 10-s pulses with 1 min intervals. The homogenate was filtered through two 
layers of cheese cloth and was centrifuged at 700 × g for 10 min, the superna- 
tant was then centrifuged at 105 000 × g for 60 min to yield pellet (particu- 
late) and soluble fractions. The pellet was washed once with homogenizing 
buffer  before assaying for activity. All these steps were carried out  at 4°C. 

Assay for phosphodiesterase. The assay for phosphodiesterase was in prin- 
ciple the same as that described by Butcher and Sutherland [20] except  for 
slight experimental modification. Phosphodiesterase was assayed by a two-step 
procedure. At the end of the reaction, 1 ml of a Dowex slurry (3 : 1, w/v) pre- 
pared, according to Boudreau and Drummond [21],  in 3.0 mM acetic acid (pH 
3.0) for cyclic AMP and in 115 mM formic acid (pH 2.2) for cyclic GMP assays 
was added to the reaction mixture and tubes were allowed to stand for 10 min 
in the cold, centrifuged at 1000 × g for 10 min, then 0.5 ml supernatant of the 
1.55 ml total assay volume was withdrawn and added to 10 ml Aquasol and 
counted in liquid scintillation spectrometer.  

Specific activity of phosphodiesterase is defined as nmol cyclic nucleotide 
hydrolyzed/min per mg protein at 30°C. The data were analyzed for signifi- 
cance by  the Student 's  t-test method and are presented as mean + S.D. Protein 
was determined by  the method of Lowry et al. [22] with bovine serum albu- 
min as standard. 

Results 

Cyclic nucleotide phosphodiesterase activity in the heart and aorta o f  nor- 
motensive and hypertensive rats. Results of cyclic nucleotide phosphodiesterase 
activities are summarized in Tables I and II. Cyclic AMP phosphodiesterase in 
the particulate fraction of aorta was significantly higher (P < 0.05) in the 
hypertensive than the normotensive animals, when assayed at 100 pM cyclic 
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T A B L E  I 

CYCLIC AMP A N D  CYCLIC GMP P H O S P H O D I E S T E R A S E  A C T I V I T Y  IN T H E  A O R T A  OF H Y P E R -  
T E N S I V E  A N D  N O R M O T E N S I V E  R A T S  

E n z y m e  c o n c e n t r a t i o n  in each  e x p e r i m e n t  was  6 0 - - 8 0  #g p ro t e in  for  the  soluble f rac t ion  and 1 5 0 - - 2 0 0  Dg 
for  the pa r t i cu la te  f rac t ion .  Da ta  are  expressed  as n m o l  cyclic nuc leo t ide  hydrolyzed/mg p ro t e in  per  
rain at  30°C.  Values  are the  m e a n  + S.D. N u m b e r s  in pa ren theses  indica te  the  n u m b e r  of  expe r imen t s .  For  
each e x p e r i m e n t  ao r t a  f r o m  5--6 an imals  were  poo led .  Each value was der ived f r o m  dupl ica te  d e t e r m i n a -  
t ions.  

F r ac t i on  Subs t ra te  c o n c e n t r a t i o n  (~M) 

N o r m o t e n s i v e  Hype r t ens ive  

5 100 5 100 

Cyclic AMP phosphod ie s t e r a se  
Soluble 0 .54  + 0 .09  (6) 2 .44  + 0 .30  (12)  0 .47 +_ 0.09 (6) 2 .49 + 0 .68  (12)  
Par t icula te  0 .23  + 0 .05  (6) 0 .47  + 0 .08  (6) 0 .24  + 0 .04  (6) 0 .63  -+ 0 .14  * (6)  

Cyclic GMP phosphod ie s t e r a se  
Soluble 0.89 + 0 .12  (4) 1 .65  + 0 .16  (12)  0 .86  + 0 .08  (4) 1 .55 + 0.17 (12)  
Par t i cu la te  0 .19  + 0 .04  (4)  0 .92  + 0 .12  (4)  0 .23  + 0 .05  (4) 1 .16  + 0 .18  (4) 

* Signif icant ly  d i f f e ren t  f r o m  respec t ive  n o r m o t e n s i v e  ra t  con t ro l  values (P ~ 0 .05) .  

AMP concentration (Table I). Cyclic GMP phosphodiesterase activity in heart 
was significantly increased (P < 0.05) in hypertensive compared to normoten- 
sire in soluble, as well as particulate, fractions at 5 pM and 100 #M (Table II). 
On the other hand, there was no significant difference in cyclic AMP phospho- 
diesterase in either fraction at both substrate levels, but in particulate fraction 
cyclic AMP phosphodiesterase activity was consistently higher in hypertensive 
than normotensive rats. 

Effect of  enzyme concentration on phosphodiesterase activity. The phospho- 

T A B L E  II  

CYCLIC AMP A N D  CYCLIC GMP P H O S P H O D I E S T E R A S E  A C T I V I T Y  IN T H E  H E A R T  OF H Y P E R -  
T E N S I V E  A N D  N O R M O T E N S I V E  R A T S  

E n z y m e  c o n c e n t r a t i o n  in each e x p e r i m e n t  was  60- -80 /~g  p ro te in  for  soluble f rac t ion  and  1 5 0 - - 2 0 0  ~tg for  
pa r t i cu la te  f rac t ion .  Da ta  are expressed  as n m o l  cycl ic  nuc leo t ide  h y d r o l i z e d / m g  p ro te in  pe r  m i n  at  30°C;  
values axe the  m e a n  _+ S.D. N u m b e r s  in pa ren theses  indica te  the  n u m b e r  of  animals .  Each  value was 
der ived f r o m  dupl ica te  d e t e r m i n a t i o n s .  

F r ac t i on  Subs t ra te  c o n c e n t r a t i o n  (~tM) 

N o r m o t e n s i v e  Hype r t ens ive  

5 100  5 100  

Cyclic AMP phosphod ies t e ra se  
Soluble 0.71 + 0 .15  (10)  2 .24 + 0.21 (10)  0 .69 + 0.19 (10)  2 .05 + 0.37 (10)  
Par t icula te  0 .27 + 0 .05  (6) 0 .94  _+ 0 .14  (5) 0 .35  + 0 .06  (6) 1 .12  +- 0 .21 (5) 

Cyclic GMP phospbod ies t e ra se  
Soluble 0 .54  + 0 .08  (5) 1.4 + 0 .25  (7)  0 .77  +_ 0 .04  * (5)  2.1 + 0 .47  * (7)  
Par t icula te  0 .16  + 0 .03  (7) 0 .72  +- 0 .13  (9) 0 .24  + 0 .06  * (7)  0 .98  + 0.19 * (9)  

* Signif icant ly  d i f f e ren t  f r o m  respec t ive  WKY con t ro l  values (P ~ 0 .05) .  
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diesterase activity was plot ted as a function of protein concentration. The 
enzyme activity in soluble fraction of heart and aorta for both  hypertensive 
and normotensive rats at low cyclic AMP and cyclic GMP concentrations 
(5 pM) yielded rectilinear curves. However,  at 100 pM cyclic AMP and cyclic 
GMP concentrations, the phosphodiesterase activity resulted in non-linear 
plots. Supplementing the reaction mixture with bovine serum albumin did not  
result in a non-linear plot. In both  normotensive and hypertensive rats, the 
cyclic AMP and cyclic GMP phosphodiesterase activity of aorta soluble frac- 
tion expressed per mg protein showed a decline with increasing enzyme concen- 
tration, whereas in the soluble fraction of heart the activity for hydrolysis of 
both  nucleotides increased {Fig. 1). 

Kinetics o f  cyclic AMP and cyclic GMP phosphodiesterases. The Lineweaver- 
Burk plot for cyclic AMP phosphodiesterase activity of soluble fractions from 
normotensive and hypertensive rat aorta and heart resulted in non-linear curves. 
Extrapolation of the linear regions gave two apparent Km values. The double 
reciprocal plot for cyclic GMP phosphodiesterase in the soluble fraction was 
linear for aorta and non-linear for heart. On the other hand, the kinetic plots 
for the heart particulate fraction were linear both  for cyclic AMP and cyclic 
GMP. The points from linear region of the double reciprocal plots were ana- 
lyzed by Cleland's computor  program [23] and the values for different kinetic 
parameters are assembled in Table III. A double reciprocal plot representing a 

Aorta 

2 

Heart 

cAMP -~~~ 4 t t  cAMP 

# 
cGMP .~ 4 cGMP 

.(o o 

! 

0 150 ~)0 pg Protein per Assay 
i i 150 500 

pg Protein per Assay 
Fig. 1. Spec i f i c  ac t iv i ty  of 105  0 0 0  × g supernatant  p h osp h od ie s t era se  as a f u n c t i o n  o f  pro te in  c o n c e n t r a -  
t i on  in n o r m o t e n s i v e  ( o )  and h y p e r t e n s i v e  ( e )  aor ta  and hea r t .  All  assay tubes  c o n t a i n e d  standard reagents  
(100  #M cyclic  AMP (cAMP)  or cyc l i c  GMP ( c G M P ) )  and varying a m o u n t s  o f  pro te in .  D a t a  are m e a n s  o f  
dupl icate  d e t e r m i n a t i o n s  o f  2 - - 3  d i f f e r e n t  e x p e r i m e n t s .  For  each  e x p e r i m e n t  aor ta  f r o m  5--6  an imals  w a s  
p o o l e d .  F o r  heart ,  n u m b e r  o f  e x p e r i m e n t s  indicates  n u m b e r  of  animals .  
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SHtR Hear t  Supernatant  

J 

W K Y  ~, 

SHR Heart Supernatont  

6 

4 

WK¥ 

i I i I i 
- 50  0 250 500  750  I000  -250  I000  

cAMp-I (raM)-1 
0 250 500  750  

cGMP - I  (raM} - I  

Fig. 2. Lineweaver -Burk  p lot  o f  cyc l i c  AMP (cAMP) and cyc l i c  GMP (cGMP) hydro lys i s  by the  
1 0 5  0 0 0  × g s u p e r n a t a n t  of  n o r m o t e n s i v e  and hyper tens ive  rat heart .  The  c o n c e n t r a t i o n  o f  cyc l i c  nucleo-  
t ide varied f r o m  0 .5  /~M to  1 raM. The e n z y m e  c o n c e n t r a t i o n  was 60 - -70 /~g  prote in  per  assay.  The  values 
are the  m e a n  o f  dupl icate  d e t e r m i n a t i o n s  f r o m  t w o  d i f f erent  preparat ions .  

typical experiment for heart supernatant is shown in Fig. 2. In the soluble 
fraction of heart the Km and V values for both  low and high affinity form were 
significantly increased (P < 0.05) in hypertensive as compared to normotensive 
rat. On the other hand, the Km and V values for low affinity cyclic AMP phos- 
phodiesterase were significantly increased ( P <  0.05) in hypertensive rats, 
whereas, for high affinity enzyme, both  Km and V were significantly decreased 
(P < 0.05) {Table III). In heart particulate fraction V values for low affinity 
(the only form present) cyclic AMP and cyclic GMP phosphodiesterases were 
significantly increased (P < 0.05) in hypertensive rats compared to normoten- 
sive rats, while no significant changes were observed in Km values {Table III). 
In the aorta supernatants, no significant differences were observed for Km or 
V values of cyclic AMP and cyclic GMP phosphodiesterases in normotensive 
and hypertensive rats {Table III). 

Inhibition by theophylline. Inhibition of soluble cyclic AMP and cyclic GMP 
phosphodiesterases by  theophylline was studied at substrate concentrations of 
5 pM and 100 gM using nine inhibitor concentrations varying from 10 pM to 
5 mM. Inhibition constant  (Ki) calculated according to Dixon and Webb [24] is 
given in Table III. Dixon plots revealed that  inhibition was competitive in heart 
for both cyclic AMP and cyclic GMP hydrolysis. However, in aorta biphasic 
1/v vs S curves were obtained for theophylline inhibition at low substrate con- 
centration (5 pM cyclic AMP or cyclic GMP) which, on extrapolation of two 
linear regions, gave both competitive and non-competit ive inhibition constants. 
There were no significant differences between hypertensive and normotensive 
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T A B L E  IV 

I N H I B I T I O N  C O N S T A N T S  (Ki) OF S O L U B L E  CYCLIC AMP A N D  CYCLIC GMP P H O S P H O D I -  
E S T E R A S E  I N H I B I T I O N  BY T H E O P H Y L L I N E  

Inh ib i t ion  cons tan t s  were  d e t e r m i n e d  accord ing  to Dixon  and  Webb [24]  as descr ibed  in the  t ex t .  Values 
in pa ren theses  ind ica te  n o n - c o m p e t i t i v e  inh ib i t ion  cons tan t s .  The  values  are the  m e a n  of  dupl ica te  deter-  
m i n a t i o n s  f r o m  t w o  d i f f e r en t  e x p e r i m e n t s .  

Tissue K i (mM) 

Cyclic AMP phosphod ie s t e r a se  Cyclic GMP phosphod ie s t e r a se  

N o r m o t e n s i v e  Hype r t ens ive  N o r m o t e n s i v e  Hype r t ens ive  

H e a r t  0.48 0 .42  0 .23  0 .26  
A o r t a  0 .23  (1 .53)  0 .28  (1 .50)  0 .19  (1 .36)  0 .24  (1 .60)  

rats in inhibition constants for cyclic AMP or cyclic GMP phosphodiesterases in 
heart and aorta. However, the K i for cyclic GMP phosphodiesterase was only 
half that  of  cyclic AMP phosphodiesterase (Table IV). 

The reaction rates for cyclic AMP and cyclic GMP hydrolysis were linear up 
to 60 min at 30°C in both tissues. Although in all these experiments percent 
hydrolysis of substrate was kept  between 10 and 40, the rates were linear from 
5 to 60% of the substrate hydrolyzed.  The pH optima for cyclic AMP hydroly- 
sis was 7.8 and 7.4 for heart and aorta soluble enzyme in 20 mM Tris-HC1, 
cyclic GMP hydrolysis was maximum at pH 8.2 in both  tissues. Both cyclic 
AMP and cyclic GMP phosphodiesterase activities were activated by Mg 2+ and 
Mn 2÷ but  not  by Ca 2*. These results were in agreement with those reported in 
literature [25] for the porcine coronary artery. There were no specific differ- 
ences with regard to the pH optima and the divalent cations' requirement for 
both  cyclic AMP and cyclic GMP phosphodiesterases between the hypertensive 
and normotensive rats in heart or aorta. 

Discussion 

The results presented in this paper show that the activity of cyclic AMP 
phosphodiesterase in vascular smooth muscle of the hypertensive rat was signif- 
icantly increased in the particulate fraction, but  not  in the soluble fraction as 
compared to normotensive rat (Table I). Although the total phosphodiesterase 
activity in the particulate fraction is small compared to the soluble phosphodi- 
esterase, it is possible that the particulate enzyme may play an important  role 
in regulating the cyclic AMP levels at the membrane site. The significance of 
these results may be particularly pertinent in relation to our previous observa- 
tions [26] that  the phosphorylat ion and Ca 2÷ uptake in the aortic microsomes 
of hypertensive rats is significantly reduced as compared to normotensive rats. 
For  hypertensive and normotensive rats, cyclic GMP phosphodiesterase levels 
were similar in both the soluble and the particulate fractions of vascular 
smooth  muscle (Table I). Therefore, that  the altered activity of cyclic nucleo- 
tide phosphodiesterases will increase the cyclic AMP to cyclic GMP ratio in 
hypertensive rats is compatible with Amer's claim [10] that there is increased 
tone in the hypertensive state due to alteration in the cyclic nucleotide index. 
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In the soluble, as well as in the particulate, fractions of myocardium, the 
cyclic GMP phosphodiesterase activity was significantly increased in hyper- 
tensive compared with normotensive rat, at both  5 pM and 100 pM substrate 
(Table II). No significant differences were observed in cyclic AMP phosphodi- 
esterase activity in the hearts of hypertensive and normotensive rats. Amer 
[10] has reported increased low Km cyclic GMP phosphodiesterase activity in 
hypertensive rat heart, and we have observed a similar increase in both  low Km 
and high Km phosphodiesterase activity. The rate and force of myocardial con- 
traction appears to be closely related to a decrease in cyclic GMP levels at the 
onset of contraction accompanied by an increase in cyclic AMP levels [5,27, 
28].  In the hypertensive state, the force and rate of heart beat increase [29].  
Hence, it seems possible that, in hypertensive rat myocardium the increase in 
cyclic GMP phosphodiesterase with no significant change in cyclic AMP phos- 
phodiesterase would tend to change the cyclic nucleotide index in a direction 
which may have an important  influence over contraction-relaxation cycle. 

Although cyclic AMP phosphodiesterase activity in heart supernatant when 
tested at 5 pM or 100 pM substrate was not  altered in hypertensive rat; a closer 
examination of the kinetics parameters revealed that both  Km and V values for 
the low affinity enzyme were significantly increased in hypertension while 
these values were significantly decreased for high affinity enzyme (Table III). 
These changes in kinetic parameters in the opposite direction for low and high 
affinity forms of the enzyme could mask differences in the enzyme activity 
when measured in crude preparations. At this point  it is difficult to assess the 
importance of low affinity or high affinity form of phosphodiesterase in the 
hypertensive state because of the lack of knowledge of relative proport ions of 
these two forms in the heart supernatants of normotensive and hypertensive 
rats. The significant increase in V of cyclic GMP phosphodiesterase in both  the 
soluble and the particulate fractions of heart (Table III) might, at least in part, 
account  for the observed increase in the phosphodiesterase activity in the 
hypertensive rat as compared to normotensive rat (Table III). 

When phosphodiesterase activities in the extracts of normotensive and hyper- 
tensive rat heart and aorta 105 000 X g supernatant were examined as a func- 
tion of enzyme concentration, rectilinear rates were observed with 5 pM but  
not  with 100 pM cyclic AMP or cyclic GMP. This effect  of protein concentra- 
tion on enzyme activity was more apparent in hypertensive than in normoten- 
sive rat aorta for cyclic AMP phosphodiesterase (Fig. 1), although such changes 
were not  observed in heart. One interpretation is that  the enzyme exists in dif- 
ferent aggregated states which have different specific activities, and that the 
concentration of enzyme and that of the substrate determine the state of 
enzyme aggregation. Pichard and Cheung [33] using 1/aM and 2 mM cyclic 
AMP concentrations have also shown that at 1 ~M concentration the curve was 
rectilinear but  at 2 mM concentration the curve was non-linear for cyclic AMP 
and cyclic GMP hydrolysis for human platelets, bovine brain and rat liver. 
Recently it has been shown that for yeast  particulate enzyme the activity of 
cyclic AMP phosphodiesterase increased with increasing protein concentration 
[34]. However, in this report  it has been shown that supplementing the reac- 
tion mixture with bovine serum albumin results in a linear plot. These varying 
results could be at tr ibuted to the differences in the tissues and species used as 
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the source of  enzyme preparation in these investigations. The observed effects 
of  protein concentration on the enzyme activity warrant the necessity of 
defining the exact experimental conditions while comparing cyclic nucleotide 
phosphodiesterase activity between normal and diseased state and also while 
comparing results from different investigators. 
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