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presence of cumene hydroxiperoxide, only peaks I, II  and 
I I I  are active, while in the case of peroxide dicumene, 
only peak I I I  is. 

The results obtained with chromatographically separ- 
�9 ated isoenzymes were confirmed with electrophoretic 

data. As shown in Figure 2, the development of isoenzymes 
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Fig. 2. Variation of the spectrum of horse radish isoperoxidases 
depending on the oxidating substratum used: a) HeO~; b) culnene 
hydroxiperoxide (ROOH); c) dicumene peroxide (ROOR). 

with benzidine and hydrogene peroxide leads to the appear- 
ance of 7 electrophoretic bands: 5 cathodic and 2 anodic 
ones, while in the presence of benzidine, as donor of 
hydrogen, and of cumene hydroxiperoxide or of peroxide 
dicumene, 3 and respectively 1 band are evidenced. 

From these experimental results it ensues that  the real 
peroxidase oxidating substratum is generally the peroxidic 
grouping and not only H202. The 7 chromatographically 
and electrophoretically separated isoenzymes have differ- 
ent specificities for the 3 oxidating substrata tested. 
Isoenzyme I I I  decomposes all used peroxidic compounds, 
evincing maximum activi ty in the presence of peroxide 
dicumene (ROOR). 

Zusammen/assung. An sieben aus Meerrettichwurzeln 
isolierten Isoenzymen der Peroxydase konnte substrat- 
spezifisches Verhalten nachgewiesen werden. 
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Inhibition of Cyclic 3', 5'-Nucleotide Phosphodiesterase Activity by Diuretics and 
Other Agents 

Adequate intracellular levels of adenosine 3', 5'- 
monophosphate (c-AMP) are essential for the maintenance 
of cardiac function 1 but  drugs which cause inordinately 
elevated cardiac c-AMP levels 2 produce necrotic lesions in 
cardiac tissue 3 and can cause tachyarrhythmias or fibrilla- 
t ion 4, s. Because cardiac arrhythmias have been reported 
to result from diuretic therapy and the i.v. administration 
of mercurial diuretics have been shown to cause ventricular 
fibrillation s the effect of various diuretic agents on 
cardiac c-AMP phosphodiesterase was investigated. 

Methods. Ventricles of female Syrian guinea-pigs were 
homogenized at  0-4 ~ in 0.01 M Tris-HC1 buffer pH 7.4 
containing 0.25 M sucrose. The homogenate was centri- 
fuged at 10,000 •  for 10 rain at 4~ tile supernatant 
decanted, lyophilized and used as the source of c-AMP 
phosphodiesterase. The preparation was stored at --10 ~ 
and did not lose act ivi ty  over a period of 6 months. 
c-AMP phosphodiesterase of rat  heart was similarly 
prepared but not lyophylized. Purified beef heart c-AMP 
phosphodiesterase was obtained from Sigma Chemical Co. 

Platelet phosphodiesterase was prepared according 
to WOLFE and SHULMAN 7 and the rat brain enzyme 
according to BROOKER et al. s. 

Enzyme activity was assayed as described in Table I 
legend and contained sufficient enzyme to degrade 25 to 
30 % of the substrate and a [H 3] c-AMP concentration equal 
to the Michaelis constant of~ctie edzyme being tested. 

Following incubation at 37 ~ for 13 min the enzyme 
was inactivated by heat t reatment  and the denatured 
protein was separated by centrifugation. A 10 ~1 aliquot 
from each incubation mixture was then applied to cellulose 
thin layer chromatography sheets and developed in 
ethanol (95 %)-ammonium acetate (1 M pH 5.0 containing 
0.01 M Na 2 EDTA) (70/30). This solvent system separated 
c-AMP from AMP, adenosine, inosine and hypoxanth ine .  
These purines were produced from AMP due to con- 

taminating enzymes present in some of the enzyme 
preparations. The c-AMP, AMP and nucleoside areas 
were cut into small pieces and placed into counting vials 
containing 15 ml of toluene phosphor solution ~. 

Results. The effects of several diuretics, organomercurial 
compounds and sulfhydryl reagents on guinea pig phospho- 
diesterase act ivi ty were investigated and the results are 
shown in Table I. Of the compounds tested, mersalyl, 
meralluride, phenylmercuric acetate, methyl  mercuric 
chloride and PCMB were the most potent  inhibitors of the 
enzyme. Ethacrynic acid, a non-mercuriM diuretic was 
found to be the least effective inhibitor. 

Preineubation of the enzyme preparation in the 
presence of some of the test drugs resulted in greater 
enzyme inhibition than with no preincubation. Combina- 
tions of several concentrations of the 2 mercurial diuretic 
drugs with theophyl-line resulted in greater inhibition of 
the enzyme act ivi ty than with the diuretics alone. This 
observation may be of clinical importance because com- 
merciaI preparations of both mersalyl and meralluride 
are formulated with large amounts of theophylline to 
prevent breakdown of the organo-mercurial complex. 
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Table I. The effect of theophylline and preineubation on inhibition of guinea-pig heart  phosphodiesterase by various drugs and sulfhydryl 
reagents 

Enzyme activity (% control) 

Compound Conc. Theophylline No. 10 mid 
(mM) (2.0 raM) preincubation preineubation 

None --  100 100 
+ 75 78 

Mersalyl 0.2 --  41 23 
0.2 + 25 15 

Meralluride 0.2 --  56 32 
0.2 + 29 11 

Ethacrynic acid 2.0 - -  65 58 
2.0 + 19 26 

Phenylmercnric acetate 0.2 --  10 9 
0.2 + 9 5 

Methylmercuric chloride 0.2 --  46 6 
0.2 + 30 11 

p-Chloromereuribenzoic acid 0.2 --  48 12 
0.2 + 26 11 

Mercuric chloride 0.2 -- 32 18 
0.2 + 13 11 

The reaction mixtures contained 35 nmoles [aH] c-AMP, 5 [zmoles Tris-HC1 (pH 7.4), 0.2 [zmoles MgCI2, 27.5 [xg enzyme preparation and the 
indicated test compound (s) in a final volume of 0.125 ml. Preincubations were carried out in the presence of enzyme, buffer, mgC12 and test 
compound (s) and the enzymatic reaction initiated by the addition of [SH] c-AMP. The Kmvalue  for the enzyme was 2.8 • 10 -4 M and the 
Vmax was 1.3 nmoles c-AMP per min per reaction mixture (47.5 nmoles/min/mg protein). 

B e c a u s e  m e r s a l y l ,  m e r a l l u r i d e ,  e t h a c r y n i c  a c i d  a n d  
P C M B  h a v e  a l l  b e e n  s h o w n  t o  r e a c t  w i t h  p r o t e i n  su l f :  
h y d r y l  g r o u p s  l o -~ ,  t h e  p o s s i b i l i t y  t h a t  t h e s e  c o m p o u n d s  
i n h i b i t  c - A M P  p h o s p h o d i e s t e r a s e  of  g u i n e a - p i g  h e a r t  b y  
r e a c t i n g  w i t h  a s u l f h y d r y l  g r o u p  e s s e n t i a l  fo r  e n z y m e  
a c t i v i t y  w a s  i n v e s t i g a t e d .  T a b l e  I I  s h o w s  t h a t  d i t h i o -  
t h r e i t o l  o n l y  p a r t i a l l y  r e v e r s e s  t h e  i n h i b i t i o n  of  e n z y m e  
a c t i v i t y  b y  P C M B  a n d  t h a t  r e v e r s a l  b y  d i t h i o t h r e i t a l  w a s  
less  e f f e c t i v e  a t  h i g h e r  P C M B  c o n c e n t r a t i o n s .  T h e s e  
r e s u l t s  t h e r e f o r e  do  n o t  c o n v i n c i n g l y  d e m o n s t r a t e  t h a t  
t h e  e n z y m e  p o s s e s s e s  a s u l f h y d r y l  g r o u p  fo r  c a t a l y t i c  
a c t i v i t y .  

Table II. Reversal of enzyme inactivation b y  p-chloromercuribenzo- 
ate 

p-Chloromercuribenzoate Dithiothreitol Enzyme activity 
(M) (M) (% control) 

- -  100 
_ 1 0  - ~  100 

1.6 • 10 -~ --  53 
I0 -~ 70 

2.0 X 10 -5 -- 37 
10 -2 44 

4.0 X 10 5 --  25 
1 0  - 2  31 

27.5 ~g of enzyme preparation per reaction mixture was incubated 
with various concentrations of PCMB, 5 [xmoles Tris-HC1 pH 7.4 and 
0.2 [xmoles MgC1 z for 10 min at 37oC. Dithiothreitol (10 -~ M) was 
added and the incubation was continued for 10 mid at 37~ The 
reaction mixtures were completed by the addition of 35 nmoles [aH] 
c-AMP and enzyme activity was assayed as described previously. 

T a b l e  I I I  s h o w s  t h e  r e s u l t s  o f  a c o m p a r a t i v e  s t u d y  of  
t h 9  e f f e c t  o f  s u l f h y d r y l  r e a g e n t s  a n d  d i u r e t i c s  o n  e n z y m e s  
f r o m  v a r i o u s  s o u r c e s .  A l l  m e r c u r y  c o n t a i n i n g  c o m p o u n d s  
a n d  e t h a c r y n i c  a c i d  i n h i b i t e d  a l l  of  t h e  e n z y m e s  t e s t e d  
( w i t h  t h e  e x c e p t i o n  of  P C M B  w i t h  r a t  b r a i n ) ,  a l t h o u g h  
t h e  m a g n i t u d e  of  t h e  i n h i b i t i o n s  d i f f e r ed .  T h e  t e s t  
c o m p o u n d s  h a d  a s i m i l a r  e f f ec t  on  b o t h  t h e  h i g h  a n d  l ow  
K m e n z y m e s  o f  h u m a n  p l a t e l e t s .  

Discussion.  T h e  i m p o r t a n c e  of  c - A M P  p h o s p h o d i e s t e r a s e  
in  t h e  r e g u l a t i o n  of  c a r d i a c  i n t e g r i t y  is  s u g g e s t e d  b y  t h e  
o b s e r v a t i o n s  t h a t  i n h i b i t i o n  of  t h i s  e n z y m e  c o i n c i d e n t  
w i t h  a c t i v a t i o n  of  a d e n y l  c y c l a s e  is  a s s o c i a t e d  w i t h  a n  
i n c r e a s e  i n  t h e  i n c i d e n c e  of  c a r d i a c  n e c r o s i s  a n d  O f a r r h y t h -  
m i a s  a n d  t h e  s u s c e p t i b i l i t y  t o w a r d s  f i b r i l l a t i o n  s,14. T h e  
p o s s i b i l i t y  m u s t  t h e r e f o r e  b e  c o n s i d e r e d  t h a t  c a r d i a c  
a r r h y t h m i a s  a r i s i n g  f r o m  d i u r e t i c  t h e r a p y  m a y  be  
a s s o c i a t e d  w i t h  e l e v a t e d  l eve l s  of  c - A M P  r e s u l t i n g  f r o m  
i n h i b i t i o n  of  t h e  c - A M P  p h o s p h o d i e s t e r a s e  as  d e m o n s t r a t -  
ed  in  t h i s  s t u d y .  

T h e  b a s a l  a c t i v i t y  of  g u i n e a - p i g  c a r d i a c  a d e n y l  c y c l a s e  
h a s  b e e n  s h o w n  b y  WEINRYB e t  al.  15 t o  be  i n h i b i t e d  b y  
s e v e r a l  s u l f h y d r y l  r e a g e n t s .  B e c a u s e  t h e  h e a r t  i n  v i v o  is  
u n d e r  c a t e c h o l a m i n e  c o n t r o l  1~, t h e  e f f ec t  of  d r u g s  o n  t h e  
c a t e c h o l a m i n e  s t i m u l a t e d  b u t  n o t  t h e  n o n - s t i m u l a t e d  

10 A. ROTHSTEIN, Expl. Eye Res. 11, 329 (1971). 
n A. FARAH, C. H. BENDER, R. KRUSE and E. CAFRUNV, J. Pharmac. 
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12 E* J. CAFRUNY and A. FARAV:, J.  Pharmac. exp. Ther. 1~7, 101 

(1955). 
xs R. M. KOMORN and E. J.  CAFRONY, Science 743, 133 (1963). 
14 I. UEDA and F. OKUMURA, Bioehem. Pharmac. 20, 1967 (1971). 
is I. wEINRYs, I. M. MICHEL, J. F. ALIClSO and S. M. HEss, Archs 

Biochem. Biophys., 146, 591 (1971). 
15 S. F. EPSTEIN, C. L. SKELETON, G. S. LEvEr and M. ENTMAN, 

Ann. intern. Med. 72, 561 (1970), 
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Table III .  Effect of various drugs and sulfhydryl reagents on cyclic 3', 5'-nucleotide phosphodiesterase of various tissues 

1219 

Enzyme activity (% control) 

Guinea-pig Beef Rat Human Rat Rat 
heart heart heart platelet platelet brain 

Compound Concentration low low high 
(mM) Km Km Km 

Mersalyl 0.2 41 24 38 54 30 -- 84 
2.0 28 11 -- =- 5 31 -- 

Meralluride 0.2 56 42 54 6y~ 46 -- 8i 
2.0 33 9 -- --  3 67 -- 

Ethaerynic acid 2.0 65 14 33 17 22 45 12 
Phenylmereuric acetate 0.2 10 30 47 47 35 -- 56 

2.0 4 22 . . . . .  
Methylmercuric chloride 0.2 46 54 66 76 62 -- 94 

2.0 24 33 -- -- 7 28 -- 
Mercuric chloride 0.2 32 37 37 26 23 -- 87 

2.0 8 8 -- -- 2 15 -- 
p-chloromercuribenzoic acid 0.2 48 56 56 69 41 -- 100 

2.0 35 21 . . . . . .  
N-ethylmaleimide 2.0 95 74 -- I -- -- -- 
Iodoaeetamide 2.0 100 -- -- -- -- --  --  
Iodoacetie acid 2.0 95 . . . . . .  
Theophylline 2.0 75 53 -- -- 36 92 -- 

Incubation conditions were as previously described. The amount of the substrate [H a] c-AMP used wag as follows : a) 35 nmoles for the guinea- 
pig heart, rat brain and rat platelet preparations, b) 4.38 nomles for the beef heart preparation (equal to the reported Km value2~), c) 0.38 
nmoles for the rat heart preparation (equal to the Km value of 3.0 • 10 -s M as determined in this laboratory), d) 60 nmoles and 4.13 nmoles 
for the human platelet enzyme (equal to Kru values of 4 • 10 -6 M and 3.3 • 10 -5 M respectively as determined in this laboratory). 

e n z y m e  is of phys io log i ca l  i m p o r t a n c e .  Since s u l f h y d r y l  
r e a g e n t s  h a v e  b e e n  s h o w n  t o  i n h i b i t  t h e  ba sa l  b u t  n o t  
t h e  A C T H  or  N a F  s t i m u l a t e d  a c t i v i t y  of a d r e n o c o r t i c a l  
a d e n y l  cyc lase  17 d r u g s  u sed  in  t h i s  s t u d y  m a y  be  e x p e c t e d  
to  e l eva te  in  v i v o  c - A M P  levels  in  t h e  n o r m a l  ca t echo l -  
a m i n e  s t i m u l a t e d  h e a r t s  bs~ , inh ib i t ing  c - A M P  p h o s p h o -  
d ies te rase .  

P l a t e l e t  a g g r e g a t i o n  can  be p r e v e n t e d  b y  e l eva t ed  
i n t r a c e l l u l a r  levels  of c - A M P  l*; t h e r e f o r e  t h e  p r e s e n t  

17 L. A. KELLY and S. B. KORITZ, Biochem. biophys. Acta 237, 141 
(1971). 

18 E. W. SALZMANN and L. L. NERI, Nature Lond., 22d, 609 (1969). 
1~ R. E. A. GADD, g. CLAYMAN and D. HEBERT, Experientia 27, 1339 

(1971). 

o b s e r v a t i o n  t h a t  t h e  o r g a n o m e r c u r i a l  d iu re t i c s  i n h i b i t  
p l a t e l e t  c - A M P  p h o s p h o d i e s t e r a s e  m a y  a c c o u n t  for  t h e  
i n h i b i t i o n  of p l a t e l e t  a g g r e g a t i o n  in  v i t r o  19. 

Rdsumd. DiffCrent  ComposCs o r g a n o - m e r c u r i e l s  a ins i  
q u e  l ' ac ide  ~ thacr in iq t l e  i n h i b e n t  les p h o s p h o d i e s t C r a s e s  
de  I ' A M P  cyct ique ,  du  co~ur de  cobaye ,  de  bceuf  e t  de r a t ,  
des  p l a q u e t t e s  de  r a t  e~ de  l ' h o m m e  a ins i  q u e  d u  c e r v e a u  
de ra t .  
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Effect  of  A g e  on  D i s t r i b u t i o n  of  Ac id ic  G l y c o s a m i n o g l y c a n s  in N o r m a l  H u m a n  Urine:  
Spec ia l  Re ference  to  P r o p o r t i o n  of C h o n d r o i t i n  Sul fate  A to  the  C - I s o m e r  

T h e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  a n a l y s e s  of u r i n a r y  
acidic  g l y c o s a m i n o g l y c a n s  (AGAG) ill r e l a t i on  to  connec-  
t i ve  t i s s u e  d i s o r d e r s  a re  t h e  focus  of i n t e r e s t  a n d  s t u d y .  
T h e r e  is no  gene ra l  a g r e e m e n t ,  h o w e v e r ,  r e g a r d i n g  t h e  
p r o p o r t i o n a l  c o n s t i t u e n t s  of A G A G  i l l  n o r m a l  h u m a n  
ur ine ,  t h o u g h  p r e v i o u s  s t ud i e s  h a v e  i n d i c a t e d  t h a t  t h e  
m a j o r  c o m p o n e n t s  of  u r i n a r y  A G A G  are  c h o n d r o i t i n  
su l f a t e s  A a n d / o r  C 1-8. A g e - d e p e n d e n t  c h a n g e s  of  t h e  
exc r e t ed  u r i n a r y  A G A G  in n o r m a l  h u m a n  h a v e  b e e n  
r e p o r t e d  w i t h  r e s p e c t  to  t h e  c o m p a r a t i v e  c h a n g e s  of  t h e  
A G A G  r e s i s t a n t  t o  t e s t i c u l a r  h y a l u r o n i d a s e 4 :  d e n n a t a n  
su l fa te  ( c h o n d r o i t i n  su l f a t e  ]3) o r  h e p a r a n  su l f a t e s  5. I n  
t h e s e  c i r c u m s t a n c e s ,  w e  h a v e  s t u d i e d  t h e  ef fec ts  of  age  on  
a poss ib le  c h a n g e  of  u r i n a r y  A G A G  in n o r m a l  sub j ec t s ,  

c h o n d r o i t i n  su l f a t e s  in  p a r t i c u l a r ,  a t  t h e  d i s a c e h a r i d e  
s u b u n i t s  b y  a n  e n z y m a t i c  a s s a y  w i t h  chondro i t i na se s~ ,  7. 
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