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Fig. 1. Oxidation of serotonin in the pres- 
ence of ceruloplasmin. Reaction rates 
were derived from spectrophotometric 
and oxygen-consumption data. Curve 1, 
product of the first oxidation (PI); curve 
2, product of the second oxidation ( p z ); 
curve 3, total oxygen consumption ( P I +
2Pa) ; the dots show observed oxygen con- 
sumption. 

Ceruloplasmin concentrates were ob-
tained by further alcohol and salt frac- 
tionation of Cohn's fraction IV-1, method 
6 ( 4 ) ,  from pooled human plasma. 
Preparation 49, which was used in the ex- 
periments described here, contained 0.23 
g of copper and 1.23 g of protein per 100 
ml. Thus, the enzyme had a purity above 
50 percent ( 2 ) .  However, its catalytic 
properties were identical with those of 
more highly purified (90 percent) con-
centrates. 

Three-tenths of a milliliter of enzyme 
solution and 2.2 ml of 0.1M acetate buf- 
fer, pH 6.00 +- 0.01, were placed in war- 
burg flasks and equilibrated at 37OC for 
15 minutes before 0.5 ml of serotonin 
creatinine sulfate ( 6  ~ m o l e )  was tipped 
in. The reaction was allowed to proceed 
in air for various intervals and was then 
stopped by the addition of 1 ml of 10 
percent trichloroacetic acid. Spectra of 
suitably diluted filtrates were determined 
on the Beckman D U  spectrophotometer. 

The characteristic ultraviolet absorp- 
tion of serotonin rapidly diminished, be- 
coming eventually about half as intense 
as it was initially. In  the visible region, 
a broad absorption band centered at 
about 530 mp developed, but this was 
later obscured by more rapidly increas- 
ing absorption at shorter wave lengths. 
In this, as in other experiments with 
varying concentrations of enzyme and 
substrate, two atoms of oxygen per mole- 
cule of substrate were consumed. The 
shape of oxygen consumption and time- 
absorbance curves suggested that two 
consecutive oxidation steps might be oc- 
curring and that the second step gained 
no appreciable velocity until the first 
was essentially complete. Therefore, for 
mathematical analysis of the data, it was 
assumed that, during the earlier part of 
the oxidation, the only species present 
which absorbed visible light was the first 
oxidation product, P,. Relating oxygen 
consumption to absorbance yielded ex-

tinction coefficients at t ~ v o  wavelengths 
for P,. Here, 

and 

where il is absorbance, e,.,,,and 
are extinction coefficients at h = 400 mp 
and 530 mp, respectively, and p, is ob- 
served oxygen consumption in micro-
liters. 

At completion, when only the second 
product P, was presumably present, oxy- 
gen consumption was related to absorb- 
ance to obtain extinction coefficients for 
P,. In this case 

and 

where p,' is one-half of the observed 
oxygen consumption at completion of the 
reaction and is equal to one atom of oxy- 
gen per molecule of serotonin originall?- 
present. 

At any time during the oxidation 

A m  = ~ l - r o opl t €2-400 p z  

and 

A w o  = EI-m t E L - m o  p 2  

Simultaneous solution of these equations 
gave values for p, and p, in terms of 
microliters of oxygen absorbed; these 
values are plotted against time in Fig. 1. 
Total oxygen consumed up to any time 
would equal the amount of P, present 
(p,) plus twice the amount of P, present 
(2p,) at that time. This sum yielded the 
calculated oxygen consumption curve in 
Fig. 1, which fits the observed values 
well. 

By varying the ratio of enzyme to sub- 
strate, it was possible to estimate the 
velocity constant and Michaelis' constant 
for the first reaction. From the rate of 
appearance of P, shown in Fig. 1, these 
constants for the second reaction were 
calculated. In  this way it was found that 
the first reaction was about twice as rapid 
as the second and that the affinity of the 
enzyme for serotonin was some 3.6 times 
as great as it was for the first oxidation 
product. Since Michaelis' constant is not 
identical with the association constant, 
this latter figure is at best a rough esti- 
mate of the true ratio of affinities. 

Ceruloplasmin has no monoamine oxi- 
dase activity. Neither does it catalyze 
the oxidation of monoamine oxidase sub- 
strates such as tyramine and phenethyl- 
amine, nor does it liberate ammonia in 
the course of the catalyzed oxidation of 
serotonin. 

Like serotonin, 2-methylserotonin ab-
sorbed 2 atoms of oxygen per molecule, 
which indicates that the 2-position is 
probably not a point of oxidative attack. 
Polymerization of oxidized serotonin to 

melaninlike pigments is not likely in view 
of the report (5) that only benzene-oxy- 
genated indoles which are unsubstituted 
in position 3 react in this way. 

The oxidation of serotonin exhibits 
certain similarities to the tyrosinase-
catalyzed oxidation of catechol ( 6 ) ,  
where oxidation to o-quinone is followed 
by hydroxylation. The two reactions dif- 
fer in several respects, one being that in 
the tyrosinase-catechol reaction, more 
than two oxygen atoms can be consumed, 
depending upon the ratio of enzyme to 
substrate ( 7 ) .  

CURT C. PORTER 
DAVIDC. TITUS 

BENJAMIN E. SANDERS 
EDWARDV. C. SMITH 

Merck Institute for Therapeutic 
Research, West Point, Pennsylvania 

References 

1. 	 S. Udenfriend, E. Titus, H. Weissbach, J .  

Biol. Chem. 216, 499 (1955); S. Udenfriend 

e f  al., ibid. 219, 335 (1956). 


2. 	 C. G.  Holrnberg and C .  B. Laurell, Acta 

Chem. Scand. 1 ,  944 (1947); 2, 559 (1948); 

5, 4i6, 921 (1951). 


3. 	 S. Udenfriend et al., J. Biol. Chem. 208, 731 
(1954); B. B. Brodie et al., ibid. 208, 741 
(1954); C. E. Dalgliesh, Alch.  Biochem. Bio- 
phys. 58, 214 (1955). 

4. 	 E. J.  Cohn et al., J .  Am. Chem. SOG. 68, 459 
(1946). 

5. 	 J. D. Bu'Lock and J. Harley-Mason, J. Chem. 
Soc. 1951, part I ,  703 (1951). 

6. 	 J .  M. Nelson and C .  R. Dawson, Advances in 
Enzvmol. 4 .  99 (1944) : H. S .  Mason,. . I .. Biol. 
~ h e h .181; 803 '(1949). 

7. 	 C. I. Wright and H. S. Mason, J .  Biol. Chem. 
165, 45 (1946). 

26 June 1957 

Action of New Steroids in 
Blocking Effects of Aldosterone 
and Deoxycorticosterone on Salt 

Aldosterone may be of etiological sig- 
nificance in salt and water retention of 
congestive heart failure, nephrosis, liver 
cirrhosis, and toxemia of pregnancy ( I ) . 
We wish to report aldosterone-blocking 
activity of 3-(3-0~0-17~-hydroxy-4-an-
drosten-17a-yl) propionic acid y-lactone 
(SC-5233) and its 19-nor analog (SC- 
8109 (2) .  Such compounds may serve as 
useful agents in elucidating the role of 
aldosterone in edema and may be of 
value in the treatment of edema. Struc- 
tures of the steroids are as follows: 
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In steroid SC-5233, K is CI-I,; in 
steroid SC-8109, R is H. Results demon- 
strating aldosterone-blocking activity 
with SC-5233 are summarized in Fig. 1. 
Aldosterone in a solution of ethanol in 
0.86-percent sodium chloride (20/80 by 
volume) was subcutaneously injected into 
adrenalectomized rats, either alone or 
with oil solutions of SC-5233. Four-hour 
samples of urine were collected from in- 
dividual animals for sodium and potas- 
sium analyses. Aldosterone alone caused 
a reduction in the value of the Na/K 
ratio in the urine, but in the presence of 
1.2 and 4.8 mg of SC-5233 per rat this 
rcduction was significantly reversed. 

The 1 9-nor analog, SC-8 109, similarly 
blocked aldosterone activity. For exam-
ple, administration of 0.98 yg of aldo-
sterone reduced the Na/K ratio to 0.63 t 
0.07 (mean istandard error). A dose of 
1.3 mg of SC-8109 significantly counter- 
acted this effect, giving a ratio of 1.1 2 + 
0.12. \Ye attach strong importance to 
these findings because SC-5233 and 
SC-8109 appear to represent thr first 
known examples of aldosterone blockers. 

Several studies were undertaken to dc- 
fine the mechanism of blockmg with de- 
oxycorticosterone acetate (DOCA). \\re 
used this compound because of its avail- 
ability, structure, electrolytic effects, and 
possible similarity in mechanism of ac-
tion to aldosterone. The results obtained 
with DOCA and SC-5233 are summar-
ized in the succeeding paragraphs; thosc 
obtained with SC-8109 are incomplete 
13. 4'1. 
\ , , 

A progressive blocking of the action 
of 12 yg of DOCA on the Na/K ratio 
was obtained with six different doses of 
SC-5233, ranging from 0.15 to 4.8 mg. 
These data showed that approximately 
0.24 mg of SC-5233 was required for 
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Fig. 1. Effects of SC-5233 in blocking 
urinary Na/K action of aldosterone in 
adrenalectomized rats ( 12 animals per 
treatment). Standard error is shown by 
vertical lines. * P < 0.05, compared with 
no treatment; f- P < 0.05, compared with 
treatment with aldosterone alone. 

Table 1. Effects of various doses of SC-
5233 in blocking the action of deoxycor- 
ticosterone acetate (DOCA) in adrenalec- 
tomizcd rats. 

Treatment 
(dose per rat) No, Urinary 

SC-
1233 

( m )  

-. 

DOCA 

(yg) 

of 
rats 

Na/K 

S.E.") 

X S.E. = standard error. 

Table 2. Effects of large amounts of 
deoxycorticosterone acetate (DOCA) in 
overcoming blockins action of SC-5233 in 
adrenalectomized rats. -

Treatment 
(dose per rat) Urinary Ka/K 

SC-5233 DOC* (mean 'S.E.*) 

* S.E. =standard error; 15 rats per treatment; 20 
untreated controls showed a h-a/K lesponse of 
1.90. 

a 50-percent block of DOCA (5). Pro-
gesterone, which was recently described 
as a DOCA-blocker in man ( 6 ) ,showed 
similar activity with a dose of 1.8 mq. 
Compound SC-8109 was effective at 
0.067 mg. By comparison of doses, pro- 
gesterone, SC-5233, and SC-8109 showed 
relative activities of 1, 7.5, and 26.8, re- 
spectively. 

The effects of SC-5233 in counteract- 
ing reduction of the Na/K ratio pro-
duced by 24 and 48 ,pg of DOCA were 
investigated at two dosage levels and at 
various ratios (Table 1 ) .  Doubling. the 
dose at a fixed ratio of SC-5233/DOCA 
did not cause significant changes in 
Na/K values. Increasing ratios of 
SC-5233/DOCA, however, progressively 
blocked the effects of 24 and 48 yg of 
DOCA. These observations suggest that 
( i )  equal blocking results with similar 
ratios and (ii) blocking increases with 
larger ratios of SC-5233/DOCA. It  
would appear that SC-5233 acts as a 
blocker according to the law of mass 
action. 

The opposite question of reversing the 
action of SC-5233 with an excess of 
DOCA was studied (Table 2) .  The re- 
sults indicate that the effects of 2.4 mg 
of SC-5233 were reversed with 240 and 
1200 yg of DOCA. We feel that these 

results demonstrate reversible competl-
tion. 

In order to rule out the possibility that 
SC-5233 had a direct effect of increasiq 
the urinary Na/K ratio, instead of spe-
cifically blocking DOCA, we performed 
the following experiment. Doses of 0.0, 
1.2, 9.6, and 19.2 mg of SC-5233 alone 
were given; these doses produced Na/K 
ratios of 2.15, 2.38, 2.67, and 2.32, re-
spectively (nine rats per treatment). 
None of the responses with SC-5233 
treatment significantly exceeded the con- 
trol response of 2.15. Increases in the 
Na/K ratio greater than 0.66 above the 
control value would occur bv chance 
once in ten trials, whereas in our results 
the largest increase was 0.52. Thus, 
SC-5233 does not in itself greatly affect 
the urinary Na/K ratio. 

The results of these studies strongly 
suggest that SC-5233 and, possibly, 
SC-8109 exert their effects on electro-
lytes by competition with DOCA and 
aldosterone ( 7 ) .  

C. M. KAGATVA 
J. A. CELLA 

C. G. VAX ARMAX 
Divisions of Biological and Chemical 
Research, G. D. S c a l l ~  and Company,  
Chicago, Illinois 

References and Notes 

1. 	 R. Gaunt, A. A. Renzi, J. J. Chart, J .  Cliiz. 

Endocrinol. and Metabolism 15, 621 (1955); 

Reports of Combined Staff Clinics, College of 

Physicians aud Surgeons, Colu~nbia Univ., Ain. 

J .  Med .  21, 423 (1956). 

2. 	 J. A. Cella and C .  M.Kagawa, J .  A m .  Chetfz. 

Soc. 79, 4808 (1957). 


3. 	 A more detailed report on these investigations 

and other pharn~acological effects of SC-5233 

and SC-8109 is in preparation. 


4. 	 When given orally, 4.8 mg of SC-8109 signifi- 

cantly reversed the Na/K effect of 12 vg of 

DOCA from 0.59 i0.05 (mean + standard er-

ror) to 0.95 + 0.14. At the same oral dose, SC- 

5233 was inactive. 


5 .  	The term pelcent block refers to values oh-

tained by the following formula: (net block- 

ing effect of test compound) x 100/(effect of 

DOCA). 


6. 	 R. L. Landau et al., J. Clin. E?tdocrinol. and 

Metabolism 15, 1194 (1955); R. L. Landau et 

al., report presented a t  the meeting of the En- 

docrine Society, Chicago, Ill., June 1956. 


7. 	 We gratefully acknowledge the valuable techni- 

cal assistance of Marjorie A. Thomas and Eliza- 

beth D. Griffin. Thanks are due to David \V. 

Calhoun for the statistical work. 


30 July 1957 

Sodium Diuresis Induced by 

Steroidal Antagonists 

of Aldosterone 


For several years it has been knonn 

that the adrenal cortex secretes a num-

ber of steroidal hormones which increacc 

the tendency of the renal tubules to rc- 

absorb sodium. The adrenal steroid of 

most importance in the physiological 

regulation of electrolyte metabolism is 

aldosterone (1) . Aldosterone has been 

shown to play a crucial role in normal 

physiology in promoting the conservation 
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