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z y m e ;  t h e  c o m p l e x  b o u n d a r y  m i g r a t e s  w i t h  m o b i l i t y  
i n t e r m e d i a t e  b e t w e e n  t h o s e  of c o n s i d e r e d  p r o t e i n s .  As 
s h o w n  in t h e  d i a g r a m s  of F igu re  2 t he  f o r m a t i o n  of two  
r e l a t i v e l y  s t a b l e  c o m p l e x e s  d e p e n d s  u p o n  t h e  m i x i n g  
r a t i o  of t h e  p r o t e i n s .  

II 
Fig. '2.--Electrophoretic patterns of pepsin-lysozyme complex. 
From left to right: mixture of pepsin and lysozyme in equal pro- 
portions (weight); mixture of pepsin and lysozyme with a little 
excess of lysozyrne; mixture of pepsin and lysozyme with a little 
excess of pepsin. Total protein concentration: 1"2%. Miller & Golder 
buffer, pH 8.0, ionic strength 0"1. The photographs are taken from 

the ascending Iimb; arrow indicates the anodie migration. 

F r o m  t h e  c a l c u l a t i o n s  b a s e d  on  p i t - m o b i l i t y  c u r v e  
t h e  i soe lec t r ic  p o i n t  of t h e  c o m p l e x  fal ls  a t  p H  7.3. 

E l e c t r o p h o r e t i c  e x a m i n a t i o n s  c o n d u c t e d  a t  p H  a b o v e  
10 r e v e a l e d  t h a t  p r o t e i n  c o m p l e x  pe r s i s t s  a lso  on  t h e  
a l k a l i n e  s ide of t h e  i soe lec t r ic  p o i n t  of t h e  c a t i o n i c  
p r o t e i n .  

M e a s u r e m e n t  of s e d i m e n t a t i o n  c o n s t a n t  in t h e  P h y w e  
U l t r a c e n t r i f u g e  gave  va lues  of S~0 = 4.9 x 10 -~a for  t h e  
p e p s i n - l y s o z y l n e  c o m p l e x ,  of $2o = 3.1 × 10 -x3 for  p e p s i n  
a n d  of $20 = 1.6 × 10 -13 for  l y s o z y m e .  

T h e  r e su l t s  of t h e  p r e s e n t  i n v e s t i g a t i o n  s e e m  of 
i n t e r e s t  in  t h a t  t h e y  d e m o n s t r a t e  t he  a b i l i t y  of p e p s i n  
to  b i n d  ly sozyme ,  a n d  t h e y  m a y  reconc i le  d i f fe rences  in  
degrees  of i n t e r p r e t a t i o n  of  gas t r i c  ju ice  e l e c t r o p h o r e t i c  
p a t t e r n s  r e p o r t e d  b y  v a r i o u s  worke r s ,  

A. CAPUTO 

I s t i tu to  Reg ina  E lena  per  lo s tudio el la cura dei 
tumori ,  Rome,  November  20, 195d. 

R i a s s u n t o  

L ' a u t o r e  h a  s t u d i a t o  il c o m p l e s s o  che  si f o r m a  dal-  
l ' i n t e r a z i o n e  de l la  p e p s i n a  con  il l i soz ima .  

V e n g o n o  r i f e r i t i  i r i s u l t a t i  o t t e n u t i  s t u d i a n d o  le ca-  
r a t t e r i s t i c h e  t o r b i d i m e t r i c h e ,  e t e t t r o f o r e t i c h e  e di  sedi-  
m e n t a z i o n e  a l l ' u l t r a c e n t r i f u g a  de l  c o m p l e s s o  p e p s i n a -  
l i soz ima.  

II  comple s so  h a  il p u n t o  i soe le t t r i co  a p H  7.3, ed  h a  
u n a  c o s t a n t e  di s e d i m e n t a z i o n e  $20 = 4.9 × 10 -1~. 

The Effects  of 9 ~ - H a l o h y d r o c o r t i s o n e s  and of 
A ldos terone  on Surv iva l ,  G r o w t h  and S o d i u m -  
P o t a s s i u m  Excre t ion  in A d r e n a l e c t o m i z e d  Rats  

T h e  i m p e t u s  g i v e n  to  b io log ica l  r e sea r ch  on  t h e  a d r e n a l  
c o r t e x  b y  t h e  d i s c o v e r y  a n d  i so la t ion  of a l d o s t e r o n e  1 a n d  

I S. A- SIMPSON', J. F. TAIT, A. WETTSTEIN, R. NEHER, J. v. ELW¢, 
and T. REICHSTEIN, Exper. 9, 333 [1953). - Tl~ese authors with O. 
SCHINDLER, Exper. 10, 182 (1954); Helv. chim. Acta 37, 116:1, 1200 
(1954). 

t h e  s y n t h e s i s  I of  9-~-chloro-  a n d  9-0~-fluoro-hydro- 
co r t i sone  a c e t a t e s  (C1-F a n d  F - F  r e spec t ive ly )  needs  no  
e m p h a s i s .  I n  t he  p r e s e n t  work  t h e  a c t i v i t y  of these  
s t e r iods  h a s  b e e n  assessed  b y  d i f f e r en t  m e t h o d s .  

E x p e r i m e n t  No.  1 : Surv iva l .  Male  a n d  f ema le  h o o d e d  
x wh i t e  c r o s s b r e d  r a t s  ( in i t ia l  m e a n  w e i g h t  80 g) were 
a r r a n g e d  in g r o u p s  of 8 a n d  al l  were  b i l a t e r a l l y  a d r e n a l -  
ec tomised .  Phys io log ica l  sa l ine  was  g i v e n  i m m e d i a t e l y  
as  p o s t o p e r a t i v e  d r i n k i n g  f lu id .  N e x t  d a y  sa l ine  was  
r e p l a c e d  b y  t a p  wa te r ,  as  t h e  o n l y  source  of f lu id  i n t a k e  
d u r i n g  t h e  e x p e r i m e n t ,  a n d  d a i l y  i n j e c t i o n s  of t h e  
r e s p e c t i v e  s t e ro ids  were  c o m m e n c e d .  T h e  r a t s  were  fed 
t he  o r d i n a r y  pe l le t  d ie t  2 usual  in  t h e  D e p a r t m e n t .  D r i n k -  
ing f lu id  a n d  food were g iven  ad l ib i tum.  Dai ly  i n j e c t i o n s  
of s t e ro id s  d i s so lved  in 2 0 %  e t h a n o l  in w a t e r  were  
a d m i n i s t e r e d  s u b c u t a n e o u s l y .  

One  g roup  of 8 r a t s  was used  as c o n t r o l  a n d  r ece ived  
on ly  i n j e c t i o n s  of the  so lven t .  T h e  e x p e r i m e n t  was  
p l a n n e d  to  l a s t  28 days .  S p o n t a n e o u s  long  s u r v i v a l  of 
a s m a l l  p e r c e n t a g e  of a d r e n a l e c t o m i z e d  r a t s  is a c o m m o n  
f e a t u r e  a n d  for  t h i s  r ea son  t he  median  s u r v i v M  t ime  
(M.S.T.)  h a s  b e e n  recorded ,  i.e. t h e  p e r i o d  (days)  
e l ap sed  u n t i l  50 % of t h e  r a t s  in each  g r o u p  died.  T h i s  
c r i t e r i o n  is j u s t i f i ed  a s ince  t he  n u m b e r  of d e a t h s  in  
a d r e n a l e c t o m i z e d  ra t s ,  as  s h o w n  b y  p r e l i m i n a r y  ex -  
p e r i m e n t s ,  fol lows a n o r m a l  d i s t r i b u t i o n .  

T h e  M.S.T.  in t h e  control g r o u p  was  8 days .  R a t s  
w h i c h  r ece ived  0.75 /~g aldoslerone, on  t h e  o t h e r  h a n d ,  
were  all  a l ive  a f t e r  8 days .  A t  t h i s  s t age  a d m i n i s t r a t i o n  
h a d  to  be  d i s c o n t i n u e d  owing  to  s h o r t a g e  a n d  s o l v e n t  
o n l y  was s u b s t i t u t e d .  T h e  M.S .T .  of t h i s  g r o u p  was  13 
days .  Th i s  r e s u l t  was  s u b m i t t e d  to  s t a t i s t i c a l  ana ly s i s  
a n d  t h e  d i f fe rence  b e t w e e n  t h e  two  m e d i a n  s u r v i v a l  
t i m e s  p r o v e d  to  be h i g h l y  s ign i f i can t .  

A d m i n i s t r a t i o n  of e i t h e r  C1-F  or  F - F  a t  a m i n i m a l  
dose  of 10 /~g or  m o r e  k e p t  a l l  r a t s  a l ive .  T h e s e  r e su l t s  
s u p p o r t  t h e  work  of BORMAN, S[NGER, a n d  NUMEROF 4 
a l t h o u g h  a s t r i c t  c o m p a r i s o n  of r e su l t s  is n o t  poss ib le  
s ince  t he se  w o r k e r s  a d m i n i s t e r e d  on ly  a single i n j e c t i o n  
of a n  a q u e o u s  s u s p e n s i o n  of t h e  s t e ro ids ,  wh i l e  in  t h i s  
e x p e r i m e n t  d a i l y  doses  of a q u e o u s - a l c o h o l i c  s o l u t i o n  
were  g iven .  

A t  t h e  e n d  of t h i s  e x p e r i m e n t  seve ra l  r a t s  were  used  
for a l o n g - t e r m  s u r v i v a l  a n d  p r e g n a n c y  e x p e r i m e n t .  The  
r e su l t s  on  p r e g n a n c y  are  r e p o r t e d  e l sewhereL  I n  t h e  
l o n g - t e r m  s u r v i v a l  e x p e r i m e n t  i t  was  f o u n d  t h a t  in-  
de f in i t e  s u r v i v a l  cou ld  be  o b t a i n e d  w i t h  d a i l y  i n j e c t i o n s  
of e i t h e r  10 /zg of C I - F  or 50 #g  of F - F .  

E x p e r i m e n t  No.  2: Growth. T h e  r a t e  of g r o w t h  was  
s t u d i e d  in t h e  s a m e  g r o u p s  of r a t s  as r e p o r t e d  in E x -  
p e r i m e n t  No.  1, b u t  a f u r t h e r  c o n t r o l  g roup ,  c o n s i s t i n g  
of i n t a c t  a n i m a l s ,  w h i c h  rece ived  i n j e c t i o n s  of s o l v e n t  
only ,  was  a d d e d  to  p r o v i d e  d a t a  a b o u t  t h e  n o r m a l  r a t e  
of g r o w t h .  T h e r e  were  t h u s  t w o  c o n t r o l  g roups  : a d r e n a l -  
e e t o m i z e d  c o n t r o l s  a n d  i n t a c t  con t ro l s .  T h e  r a t s  were  
w e i g h e d  e v e r y  d a y  t h r o u g h o u t  t h e  e x p e r i m e n t  a n d  t h e  
r e su l t s  were  c o m p u t e d  as  t h e  m e a n  d a i l y  i n c r e m e n t  of 
we igh t .  

D a i l y  a d m i n i s t r a t i o n  of C1-F, 10 a n d  100 /~g, or F - F ,  
100 / ,g ,  p e r m i t t e d  a r a t e  of g r o w t h  a n a l o g o u s  t o  t h a t  of 
u n t r e a t e d  i n t a c t  ra t s .  S m a l l e r  doses  of a n y  of t he se  
c o m p o u n d s  p r o d u c e d  a g r o w t h  r a t e  w h i c h  was  less t h a n  

1 J. FR,~I, and E. F. SABO, J. Amer. chem. Soc. 75, 2'273 (1953). 
z j .  G. LLAURADO, Endocrinology (m press, 1955). 
z G. U. YULE and M. G. KENI~m.L, An Introduction to the Theory 

o] Statistics (C. Griffin & Co. I.td., London, 1950) p. 429. 
A, BORMAN, F. 3I. SINGER, and P. Nt;MEROV, Proc. Soe. exp. 

Biol. N. Y. 86, 570 (1951). 
5 j .  G. LLAURAOO, Endocrinology (in press, 1955). 
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Table I 
Doses and mean response data (as percentage of control) of bio-assay 

on Na +] K+ 

Steroid Dose Total k** Mean S.E.*** 
(regression line) pg N* re- 

sponse 

Aldosterone 
(y = 11.51-32.95 x) 

DCA 
(y = 83"11-39"30 x) 

F - F  
(y = 43'79~43"77 x) 

C1-F 
(y = 16"38--48"59 x) 

0"01 
0"02 
0'05 
0-10 
0-25 
0-50 
0"068 

2 
5 

10 
20 

7.00 

0.05 
0.10 
0-25 
0.50 
1.00 
0.72 

0.05 
0.10 
0.25 
0.50 
0.20 

11 2 82.39 12.48 
12 2 61-78 7.61 
20 3 56-34 6'32 
13 2 42.01 5.59 
6 1 28.29 6.88 
6 1 25.21 7.70 

- -  - -  5 0  - -  

4 1 74.88 29.44 
20 3 49-13 6-81 
26 4 45-10 5.67 
12 2 33-61 6-33 
- -  - -  5 0  - -  

14 2 99.86 21-42 
11 2 83-59 18.42 
13 2 75.04 15-72 
12 2 63.49 11.36 
6 1 37.07 12.80 

- -  - -  5 0  - -  

7 1 79.47 19.93 
7 1 68.26 9.71 
6 1 37-89 6.39 
5 1 35-58 7.38 

- -  - -  5 0  - -  

* N = No. of rats in dose assayed group. An equal number of rats 
was used as control for each group. 

** k = No. of bio-assays. 
*** Calculated as shown in Table II (2). 

t h a t  of n o r m a l  ra ts .  R a t s  t r e a t e d  w i t h  0-75 /~g da i ly  per  
r a t  of aldosterone, on the  o t h e r  h a n d ,  d id  gain  we igh t  
when  c o m p a r e d  w i t h  t he  a d r e n a l e c t o m i z e d  con t ro l  
group,  b u t  i t  was  far  be low the  ave rage  da i ly  i n c r e m e n t  
s h o w n  b y  t h e  i n t a c t  ra t s .  

E x p e r i m e n t  No.  3: N a + / K +  bio-assay.  Y o u n g  adrena l -  
e c t o m i z e d  male  wh i t e  r a t s  of an ave rage  we igh t  of 75 g 
were  used for  th i s  b io-assay .  The  p rocedu re  has  been  
desc r ibed  in an  ear l ie r  p a p e r  1. To i n t e r p r e t  co r rec t ly  t he  
resul ts  i t  has  to  be t a k e n  in to  a c c o u n t  t h a t  t he  a c t i v i t y  
of t h e  ma te r i a l  u n d e r  t e s t  is i n d i c a t e d  b y  t h e  fall in t h e  
ra t io  of Na+ to  K+ in t he  s amp le s  of u r ine  e x c r e t e d  by  
the  r a t s  a f t e r  t he  in jec t ion .  This  ra t io  is e x p r e s s e d  as a 
pe r cen t age  of t h e  m e a n  f igure o b t a i n e d  for a con t ro l  
g roup  on the  s ame  d a y  of b io-assay .  Thus  a more  i n t ense  
ef fec t  is r e p r e s e n t e d  b y  a g rea t e r  r e d u c t i o n  of th i s  pe r -  
cen tage .  U s u a l l y  each  dose  of t h e  ma te r i a l s  has  been  
assayed  more  t h a n  once  a n d  t h e  g r a n d  m e a n  a n d  s t a n d -  
a rd  er ror  given in Table  I h a v e  been  o b t a i n e d  b y  poo l ing  
t h e  d a t a  be long ing  to  each  e x p e r i m e n t .  

I t  was found  t h a t  t h e r e  was  a l inear  r e l a t i onsh ip  be-  
t w e e n  the  N a + / K  + ra t io  exp re s sed  as a p e r c e n t a g e  of t h e  
con t ro l  g roup  a n d  t h e  l o g a r i t h m  of t h e  dose  in t h e  
fol lowing ranges ;  a l d o s t e r o n e :  0-01-0.50 pg ;  F - F :  
0.05-1 pg;  C1-F:  0.05-0-50 pg  (Table I).  

Since no  pa i r ed  doses  oI t w o  or m o r e  s t e ro ids  were  
used  on the  s a m e  d a y  of e x p e r i m e n t ,  i t  was  n o t  poss ib le  

Table I I  
Compared relative activity of steroids on Na+/K + [Xy- 50/X'y ~ 50] 

Aldo- 
Steroid DCA sterone 

Aldosterone . . 
DCA 
F - F  
C1-F 

0.01 
0.1 
0.34 

100 

10 
35 

F-F 

10 
0.1 

3.6 

C1-F 

3 
0-03 
0-27 

to  o b t a i n  an  a p p r o p r i a t e  e s t i m a t e  of t he  p o t e n c y  ra t io .  
I n s t e a d ,  to  o b t a i n  a c o m p a r i s o n  of t he  r e l a t ive  p o t e n c y  
of  t he  ma te r i a l s  t h e  m e t h o d  of DESAVLLES et al. 1 was  
fo l lowed.  Th is  invo lves  t he  ca lcu la t ion  a n d  s u b s e q u e n t  
c o m p a r i s o n  of t h e  dose  w h i c h  p r o d u c e s  a 50 % effect .  In  
T a b l e  I th is  dose  of each  s t e ro id  has  b e e n  ca lcu la t ed  
f r o m  t h e  regress ion  l ines a n d  in Table  I I  t he  re la t ive  
ac t iv i t i e s  of t h e  s t e ro ids  h a v e  been  acco rd ing ly  a r r a n g e d  
for  c o m p a r i s o n .  These  f igures  show the  g rea t  a c t i v i t y  of 
t he  h a l o g e n a t e d  s te ro ids  in m o d i f y i n g  e l ec t ro ly t e  ex-  
c r e t ion .  

H i t h e r t o  no e x t e n s i v e  r e p o r t  has  been  p u b l i s h e d  con-  
ce rn ing  t h e  e l e c t r o l y t e - c o n t r o l l i n g  ef fec t  of t h e  halo-  
g e n a t e d  h y d r o c o r t i s o n e  ace t a t e s .  BORMAN et al. ~ h a v e  
f o u n d  t h a t  C I - F  is 10 t i m e s  as p o t e n t  as, a n d  F - F  
s l i gh t ly  more  e f fec t ive  t h a n ,  DCA. AXELRAD et al. a 
h a v e  r e p o r t e d  t h a t  C I - F  shows  5.3 t i m e s  t h e  a c t i v i t y  of 
DCA b u t  th i s  a s s e s s m e n t  is b a s e d  on ly  in t h e  a s s a y  of 
t w o  doses .  The resu l t s  of t h e  p r e s e n t  w o r k  (Table II)  
sugges t  t h a t  t h e  h a l o g e n a t e d  c o m p o u n d s  are  m u c h  
more  p o t e n t .  I n  th i s  e x p e r i m e n t  a l d o s t e r o n e  has  p r o v e d  
to  be  100 t i m e s  as p o t e n t  as DCA. This  g r e a t e r  a c t i v i t y  
of a ldos t e rone  as c o m p a r e d  w i t h  DCA is in a g r e e m e n t  
w i t h  p r e v i o u s  d a t a  r e p o r t e d  b y  seve ra l  worke r s  4. 
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Z u s a m m e n / a s s u n g  

Die W i r k u n g e n  yon  A l d o s t e r o n  u n d  9 a -Ha logen-  
h y d r o c o r t i s o n - a z e t a t e n  auf  das  U b e r l e b e n  a n d  W a c h s -  
t u r n  a d r e n a l e k t o m i e r t e r  R a t t e n  w u r d e n  s tud ie r t .  I m  
N a / K - A u s s c h e i d u n g s t e s t  z e i g t e n  s ich 9 a -Chlo r -hydro-  
c o r t i s o n - a z e t a t  bzw. 9 a - F l u o r - h y d r o c o r t i s o n - a z e t a t  35- 
bzw.  10real w i r k s a m e r  Ms DCA u n d  wiesen  1/3 bzw.  1/1 o 
der  W i r k s a m k e i t  y o n  A l d o s t e r o n  auf. 
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