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Tabl* llI.--Homogenate obtained with 5 parts of isotonic KCI; 
nicotinamide 1 x 10 -a tool malonate t~ tool x 10 -a in the main 
cavity. Phosphate Ringer buffered at pH 7.0 up to 3 ml 2 M KOH 
in the central well. Temperature of bath 30°; duration of experiment 

3 h. Data of 3 h of experiment. 

Without With 
nicotin- nicotin- 
amide amide 

Base 160 390 
Base :k malonate. 148 380 

S u m m a r i z i n g  our  researches  i t  is possible to  conc lude  
t h a t  p r o b a b l y  the  ob jec t  of t he  in tens i f ied  a c t i v i t y  on 
the  p a r t  of the  l iver  slices and  homogena tes ,  in presence  
of n ico t inamide ,  is ace to -ace ta t e .  

I t  is the re fore  necessary  to  pos tu l a t e  t he  ex is tence  of 
a ke to -ox idas ic  s y s t e m  in r a t ' s  l iver,  and  more  prec ise ly  
an  ace to -ace to -ox idase  sys tem,  t he  a c t i v i t y  of wh ich  is 
on ly  d e m o n s t r a t e d  under  pa r t i cu l a r  research  condi t ions ,  
i.e. when  the  e n z y m a t i c  source is p r o t e c t e d  wi th  nico- 
t i namide .  

L. VILLA and  N. DIOGUARDI 

or fas t ing f rom ba lanced  diets.  The  ox ida t ion  of aceto-  
ace ta te  in t he  presence of n i co t inamide  is carr ied  ou t  
according to  t he  p roper t i es  shown in Tab le  I I ,  

I t  is possible to  conc lude  f rom these  d a t a  t h a t :  
(a) n i co t inamide  increases  t h e  endogenous  resp i ra t ion  

of a l iver  h o m o g e n a t e  when  t h e  l a t t e r  is in a s t a t e  of 
increased l ipidic ca tabo l i sm.  

(b) t h e  subs t ra te  for th is  ac t ion  seems to  be aceto-  
acetate .  I t  is possible to  p u t  forward  the  hypothes is ,  t h a t  
th is  occurs t h r o u g h  enzymes  b o u n d  t o g e t h e r  by  a m e t a -  
bol ism of t he  ke ton ic  oxidas ic  type ,  pa r t i cu l a r ly  t h a t  in ,  
vo lv ing  ace to -ace ta te .  We  h a v e  also no ted  t h a t  t he  
p h en o m enon  of n i c o t i n a m i d e  exc i t a t i on  is no t  de f in i t e ly  
inf luenced by  the  presence  of m a l o n a t e  (Table  III).  

These  d a t a  h a v e  caused  us to  t h i n k  t h a t  t h e  pheno-  
menon  occurr ing  in presence of n i co t inamide  is, b road ly  
speaking,  bound  up w i t h  a p ro t ec t i ve  t y p e  of ac t ion  
towards  a ke to-oxidas ic  sys tem,  prec ise ly  ace to -ace to -  
oxidase,  s imi lar  to  t h a t  a l r eady  known  for D P N  in 
regard to DPN-ase .  
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Fig. 3.~The endogenous respiration of liver slices obtained from 
rats nmintained balance and on a steatogenous diet for 20 days. 
These slices were suspended in up to 3 ml Ringer-phosphate solution. 
1/2 x 10 - I  tool nicotinamide (A.A.N. in the figure) was placed in 
the principal cavity. Central well 0-2 till. 2/M KOH. Atmosphere: 
air. Temperature of the bath, 30°C. The data are expressed for mg 

dry tissue. 

In  order  to  h a v e  an idea  as to  w h e t h e r  t h e  p h e n o m e n o n  
took  place e v e n  w h e n  t h e  t i s sues  were  under  more  
physiological  condi t ions ,  expe r imen t s ,  l imi ted  to  the  
two p re -eminen t ly  in te res t ing  cond i t ions :  hepa t i c  s tea-  
tosis due to  pro longed  hypopro t id i c -hyper l ip id i c  a l imen-  
t a t ion  and  normal  l ivers  on a ba lanced  diet ,  w i t h o u t  
fast ing,  were car r ied  o u t  us ing l iver  slices ins tead  of  
homogena tes .  

N ico t inamide  increased  t h e  basic consumpt ion  of  
oxygen  for t he  l iver  in a s t a t e  of  s tea tos is  whi le  i t  d id  no t  
s t imula te ,  b u t  r a the r  inh ib i ted ,  t h a t  of  t h e  normal  l iver  
(Fig. 3). 

Institute o/ Clinical General Medecine and o/Therapy, 
University o/ Milan, July 5, 7955. 

Zusammen/assung 

Es ge lang  den Au to ren ,  in de r  R a t t e n l e b e r  e in  Aze to-  
a z e t o - o x y d a s e - S y s t e m  nachzuweisen ,  in w e l c h e m  d e m  
N i c o t i n a m i d  e ine  S c h u t z w i r k u n g  z u k o m m t .  

The  Inf luence  of P r o g e s t e r o n e  on 
A d e n o s i n t r i p h o s p h a t a s e  

I t  was shown in a p rev ious  pape r  1 t h a t  A T P a s e  
a c t i v i t y  of myof ib r i l s  a n d  m i t o c h o n d r i a  i so la ted  f rom 
b o t h  gu inea  pig hea r t  and  muscle  is inh ib i t ed  b y  wa te r  
suspensions  of 1.4 × 10 -~ p roges te rone  and  by  aqueous  
solu t ions  of desoxycor t i eos t e rone  a t  t h e  s a m e  concen-  
t r a t ion .  

J o ~ s  and  WAD• 2 have ,  however ,  r ecen t ly  r epo r t ed  
t h a t  A T P a s e  a c t i v i t y  o f  ra t  l iver  h o m o g e n a t e s  is 
s t rong ly  enhanced  by  proges terone .  I n  these  exper i -  
men t s  the  l iver  was s to red  a t  - - 3 0  ° C before use. 

Since the  dif ference in the  e x p e r i m e n t a l  condi t ions  
m a y  have  exe r t ed  an effect  on the  difference of results ,  
t he  p rob l em was s tud ied  again,  by  adop t ing  the  s a m e  
t echn ique  as used by  Jol~Es and  WADn. The  resul ts  of 
th is  s t u d y  are  descr ibed in this  note.  

Alb ino  ra ts  weighing  150-170 g, fed wi th  a s t a n d a r d  
die t  inc luding  all v i t amines  and d i e t a ry  factors ,  were  used 
as expe r imen t a l  animals .  T h e y  were ki l led by  d is loca t ion  
of t he  head,  t he  l ivers  and  the  hear t s  i m m e d i a t e l y  t a k e n  
out,  weighed  and  t ransfe r red  into  t he  cold r o o m  a t  2°C. 
10 % homogena t e s  were p repa red  wi th  0.25 M sucrose or 
wa te r  as suspension media .  H o m o g e n i z a t i o n  of t he  l iver  
was m a d e  in a POTTER-ELVELYEM glass appa ra tu s .  
Mi tochondr i a  were i sola ted  by  d i f fe ren t ia l  cen t r i fuga t ion  
in the  Serva l  t y p e  SS-1  Angle  Cent r i fuge  (30 min  a t  
1200 × g, af ter  a f irst  cen t r i fuga t ion  a t  1500 x g for 10 
min  which r e m o v e d  cel lu lar  d6bris, nuclei ,  d a m a g e d  cells 
and red cells). H e a r t  h o m o g e n a t e s  were  p repa red  by  
Cutt ing the  ent i re  o rgan  wi th  a f reezing mic ro tome ,  t he  
wid th  of each  sect ion being a b o u t  12 F. The  sect ions  were  
p u t  in a W a r i n g  b lendor  for 20 rain and m i t o c h o n d r i a  
were then  isola ted  f rom this  h o m o g e n a t e  accord ing  to  
t he  p rocedure  descr ibed in a p rev ious  paperL  

A T P a s e  a c t i v i t y  was d e t e r m i n e d  accord ing  t o  t he  
m e t h o d  of DUBOlS and  POTTER a, wi th  0.067 M b o r a t e  
buffer,  p H  6.9. 0 . i  ml  of 10% h o m o g e n a t e s  and  mi to -  
chondr ia l  suspension were  used as e n z y m  e mate r i a l .  
Concen t r a t ion  of A T P  was 0.003 M and  f inal  v o l u m e  of 
t h e  reac t ion  m i x t u r e  3 ml.  I n c u b a t i o n  t e m p e r a t u r e  was 
37°C and  t i m e  of e x p e r i m e n t  15 rain. Af t e r  th is  t i m e  t h e  

1 M. A. MOP,, Exper. 9, 842 (1953). 
H. W, J o ~ s  and R. WADF., Science 118, 103 (1953). 

3 K. P. DvBols and V. R. PORTER, J. Biol. Chem. 150, 185 (195~). 
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Liver homogenates in H~O 

e p 
113 4- 14 75 4- 14 

7"able I,-ATPase activity of normal rats without storing of organs at 80°C 
(7 P/rag N) 

Liver homogenates [ Liver mitochondria 
in 0.25 M sucrose 1 in 0-25 M sucrose 

! 

c P I c p 
75 4- 6.6 66 4- 6.6 1 124 4- 9.6 133 -t- 8.4 

Heart mitochondria [ 
in buffer borate 

c p 
113 4- 13 86 ± 11 

c = control, p = with progesterone in vitro 

Table II.-ATPase activity of rats injected with progesterone (10 mg for day) 

Days of Liver homogenates Liver mitochondria I Heart mitochondria 
injection Liver homogenates in HzO in 0.25 M sucrose in 0.25 2If sucrose in buffer borate 

I 

c p 
86 50 

165 134 
114 114 

69 64 
41 36 

c p 
60 64 

175 166 
83 76 
59 59 
30 28 

c p 
124 140 
116 125 
90 95 
64 75 

128 130 

c p 
177 157 
275 215 
156 151 
105 94 

85 75 

c = control, p = with progesterone in vitro 

Table III.-ATPase activity of normal rats and injected with progesterone 
(Livers and hearts were stored at 30"C) 

Days of Liver homogenates Liver homogenates Liver mitochondria Heart mitochondria 
injection in H20 in 0-25 M sucrose in 0-~5 M sucrose in buffer borate 

Normal  
I 
2 
5 

e p 
72 103 

133 149 
153 128 

25 39 

e p 
60 96 

119 122 
98 98 
20 23 

c p 
75 85 
53 53 
54 43 
60 52 

c p 
130 105 
189 152 
116 89 

63 50 

r e a c t i o n  was  s t o p p e d  b y  a d d i t i o n  of 2 m l  of co ld  40  % 
t r i c h l o r o a c e t i c  acid.  P d e t e r m i n a t i o n s  were  m a d e  ac-  
c o r d i n g  to  t h e  m e t h o d  of FISKB a n d  StJBBAROW 1, b y  
r e a d i n g  t h e  co lour  a t  730 m/z in  a BECKMAN Mod  D U  
S p e c t r o p h o t o m e t e r .  Colour  was  d e v e l o p e d  w i t h  4 0 %  
SnCI~ in  c o n c e n t r a t e d  h y d r o c h l o r i c  acid.  T h e  N de t e r -  
m i n a t i o n s  were  m a d e  b y  usua l  m i c r o k j e l d h a l  t e c n i q u e .  
P r o g e s t e r o n e  was  a c r y s t a l l i n e  p r e p a r a t i o n  r ece ived  f r o m  
RICHTER 2. 

W h e n  t h e  i n f l u e n c e  of t h i s  s u b s t a n c e  o n  A T P a s e  was  
t e s t ed ,  i t  was  a d d e d  as  a l coho l i c  s o l u t i o n  a n d  f ina l  con-  
c e n t r a t i o n  of t h e  r e a c t i o n  m i x t u r e  was  2 × 10 -4 M .  

I n  a f i r s t  g r o u p  of e x p e r i m e n t s ,  t h e  i n f l u e n c e  of p ro -  
g e s t e r o n e  was  t e s t e d  on  b o t h  w a t e r  a n d  0.25 M suc rose  
l i v e r  h o m o g e n a t e s  a n d  on  l i v e r  a n d  h e a r t  m i t o c h o n d r i a .  
T h e  r e s u l t s  a re  r e p r e s e n t e d  in  T a b l e  I ,  w h i c h  s h o w s  t h a t  
p r o g e s t e r o n e  e x e r t e d  a m a r k e d  i n h i b i t i n g  i n f l u e n c e  o n  
A T P a s e .  A T P a s e  a c t i v i t y  w as  a b o u t  3 0 %  h i g h e r  w i t h  
w a t e r  t h a n  w i t h  suc rose  h o m o g e n a t e s .  T h i s  f ac t  ag rees  
w i t h  p r e v i o u s  r e p o r t s  b y  t4~IIgLLIgY a n d  I{IELLEY ~ a n d  
DIANZANI ~, w h o  i n t e r p r e t e d  t h i s  f ac t  due  t o  t h e  o s m o t i c  
d a m a g e  of m i t o c h o n d r i a .  

x C. H. FISKE and Y. SOB~AROW, J. Biol. Chem. 66, 375 (1925). 
2 Via Chioggia 2, Milano. 
S W. W .  KIELLI~Y and R. KU~LLEY, J. Biol. Chem, 191, 485 

(1951). 
4 M. U. DIA~ZAm, Biochim. et Biophys. Acta (in press). 

I n  a n o t h e r  ser ies  of  e x p e r i m e n t s ,  t h e  e f fec t  of the  
a d m i n i s t r a t i o n  of p r o g e s t e r o n e  to  l i v ing  a n i m a l s  on  the  
A T P a s e  a c t i v i t y  was  s t ud i ed .  T h e  r a t s  r ece ived  10 m g  pro- 
g e s t e r o n e  d a i l y  for  1-5  d a y s  b y  i n t r a m u s c u l a r  in jec t ion .  
T h e  r e su l t s  a re  g iven  in T a b l e  I I  u n d e r  c = c o n t r o l  ind ica-  
t ion .  T h e  a c t i o n  of p r o g e s t e r o n e  in  vitro was t e s t e d  aga in  
o n  t h e s e  s a m e  p r e p a r a t i o n s  ( the  r e s u l t s  were  shown  
u n d e r  p = p r o g e s t e r o n e  i n d i c a t i o n ) .  I t  is c lea r  f r o m  this  
t a b l e  t h a t  A T P a s e  a c t i v i t y  i nc r ea se s  s t r o n g l y  2 days 
a f t e r  t h e  b e g i n n i n g  of  t h e  t r e a t m e n t  w i t h  p r o g e s t e r o n e  
a n d  dec l ines  o n  s u b s e q u e n t  days .  T h e  p r o g e s t e r o n e  ac t ion  
in  vitro, o n  p r e p a r a t i o n s  f r o m  a n i m a l s  t r e a t e d  in vivo 
w i t h  t h e  h o r m o n e ,  ag rees  w i t h  r e s u l t s  of T a b l e  I .  I n  fact  
t h e r e  was  Mways  a i n h i b i t o r y  e f fec t  on  h e a r t  mi to-  
c h o n d r i a ,  a s m a l l  i nc r ea se  of  l i ve r  m i t o c h o n d r i a ,  a n  in- 
h i b i t o r y  a c t i o n  o n  l i ve r  h o m o g e n a t e s  p r e p a r e d  w i th  
0.25 M suc rose  or  w a t e r .  As  in  T a b l e  I ,  t h e  v a l u e s  of  the  
A T P a s e  a c t i v i t y  we re  a l w a y s  h i g h e r  in  w a t e r  homo-  
g e n a t e s  t h a n  in  0.25 M sucrose .  

I n  a t h i r d  g r o u p  of e x p e r i m e n t s ,  t h e  t i s sues  of  no rma l  
a n i m a l s  a n d  a n i m a l s  t r e a t e d  w i t h  p r o g e s t e r o n e  were 
s t o r e d  a t  -- 30 ° C for  24 -48  h before  use.  T h e n  t h e  ATPase  
a c t i v i t y  was  d e t e r m i n a t e d  on  h o m o g e n a t e s  a n d  mi to-  
c h o n d r i a .  T h e  r e su l t s  of T a b l e  I I I  s h o w  t h a t  al l  A T P a s e  
v a l u e s  were  lower  t h a n  t h o s e  for  f r e sh  t i s sues .  Besides,  
Dnly  u n d e r  t h e s e  c o n d i t i o n s  was  A T P a s e  of  l ive r  homo-  
g e n a t e s  i n c r e a s e d  in vivo a n d  in vitro b y  proges te rone ,  
w h i c h  ag rees  w i t h  JONES' a n d  WADE'S r e sea rches .  On 
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liver and heart  mitochondria, on the other hand, pro- 
gesterone always exerted a inhibi tory action. 

One may conclude from these experiments tha t  the 
real influence of progesterone on ATPase act ivi ty  of 
mitochondria is an inhibi tory one. The fact tha t  ac- 
celeration occurs with homogenates from livers stored at  
- 3 0 ° C ,  as JONES and WAD~ found and as these re- 
searches confirm, may depend upon a damaging of the 
mitochondria. 

MARIA A. MoR 

Institute o/General Pathology, Genoa, J u l y  8, 1954. 

Riassunto 
L'autrice ha studiato l ' influenza del progesterone sul- 

l'attivit~t ATPasica di omogenati  e mitocondri di fegato 
e cuore di ratto. Sui mitocondri  di cuore il progesterone 
ha sempre azione inibente sia in  vivo che in vitro. Sui 
mitocondri di fegato ha azione leggermente accelerante. 
Sugli omogenati di fegato preparati  da tessuti freschi ha 
azione inibente. Se si conservano i tessuti a - 30°C si ha 
invece un aumento dell 'ATPasi in vitro. 

T h e  B u f f e r i n g  Effec t  of A d r e n a l  T i s s u e  D u r i n g  
C o r t i c o i d  O v e r d o s a g e  

(Further studies on the physiological antagonism between 
gluco- and mineralo-corticoids) 

The theory of stress and the diseases of adaptat ion is 
largely based upon the following assumptions:  (1) tha t  the 
adrenals can produce glucocorticoids (which, as far they 
have been examined uptodate, proved to be also anti-  
phlogistic, lympholytic and catabolic) and mineralo- 
corticoids (which, as far as they have been examined up 
todate, proved to be also prophlogistic, ant i lympholyt ic  
and anticatabolic) independent ly  of each other, (2) tha t  
adjustments  of corticoid secretion during stress is an 
important  factor in regulating resistance, and (3) tha t  
derangements not only in the total  amount ,  bu t  also in 
the balance between these two types of corticoids is an 
important  factor in the pathogenesis of various diseases 1. 

The recent demonstrat ion tha t  cortisoV and aldo- 
sterone can be detected not  only in adrenal tissue bu t  
also in the circulating blood has definitely rendered the 
"uni tar ian theory" of adrenocortical function untenable 8 
yet, during the last four years, several investigators 
expressed doubts concerning the importance, or even 
the existence, of any  true antagonism between mineralo- 
and gluco-corticoids. We have therefore devoted a great 
deal of a t tent ion to means of perfecting experimental  
techniques for the demonstrat ion of such antagonisms, 
which to our mind are extremely impor tant  both in 
physiology and in pathology. 

Experimental Procedure. Eighty Sprague-Dawley rats, 
having an average body-weight of 131 g (range 125-140g) 

I H. SELYE, Stress, The Physiology and Pathology of Exposure to 
Systemic Stress (Acta Inc., Med. Publ., Montreal, 1950); The Story 
o[ the AdaptaHo~, Syndrome (Acta Inc., Med. Publ., Montreal, 1952). 

t In agreement with the suggestion made by S~tOE'PaE [C. W. 
SJ~oee~E, in: Ann. Rev. BJochem. 22, ~61 (1953)], the term cortisol 
is used here in preference to "hydrocortisone" since it eliminates 
confusion with 4,5-dihydrocortisone and obviates the possible 
implication that "hydrocortisone" is to be regarded primarily as a 
mere derivative of cortisone. 

s S. A. SzMPsoN and J. F. TART, in: Fourth Annual Report on 
Stress by H. SELYE and G. Hl~usEn (Acta Inc., Med. Publ., Montreal, 
1954). 

were subdivided into eight equal groups and treated as 
outl ined in the Table. 

Bilateral adrenalectomies were performed in Groups 
V-VI I I ,  through the lumbar  route and t rea tment  with 
the steroids was begun on the same day. Microcrystal 
suspensions of cortisol acetate (250 pg/day) and DCA 
(1 rag/day) were administered in 0.2 ml of water, both 
steroids being injected subcutaneously in the ventral  
region. In  the rats of all groups, granuloma-pouches 
were prepared two days later, under  the shaved skin of 
the back, in the usual manner*. Under ether anesthesia, 
25 ml of air was first injected, this being immediately 
followed by the introduct ion of 0.5 ml of an 0.5 % croton- 
oil solution (in corn-oil). The animals were maintained 
exclusively on "Pur ina  Fox Chow" and tap water. 

The formation of exudate was followed daily by trans- 
i l lumination with an electric flashlight and all surviving 
animals were killed 12 days after preparing the granulo- 
ms-pouch. Immediate ly  after autopsy, the exudate in 
the granuloma-pouches was accurately measured by 
aspiration into a graduated syringe. At the same time, 
the adrenals, thymuses and spleens of all animals were 
dissected and fixed in Susa solution for subsequent 
weighing and histological study. 

Experimental Obsematio~s. Our principal observations 
are summarized in the Table, so tha t  it  will suffice merely 
to mention the most salient features here. 

I t  should be said at  the outset tha t  many  preliminary 
experiments showed the impossibility of keeping alive, for 
12 days, more than a few exceptional adrenalectomized 
rats with granuloma-pouches, if they received neither 
hormone t rea tment  nor salt supplements. Hence, in the 
present experiment, only two rats of Group V survived 
so that  here the means listed in the Table could not be 
accompanied by the standard errors  (as was the case 
in the other seven groups in which all animals survived 
unt i l  the end of the experiment). 

The adrenals in the intact-untreated rats (Group I) 
were of normal size, while those of the .rats treated with 
cortisot, DCA or a combination of the two hormones 
showed varying degrees of the well known phenomenon 
of "compensatory atrophy".  Thus, in this respect, the 
two types of steroids are not antagonistic and, indeed-as 
we have shown elsewhere~-at higher dose-levels, they 
are even synergistic. 

In  the intact  rats, the formation of exudate under the 
influence of local croton-oil irritation, was only insigni- 
ficantly affected by  cortisol, DCA or the combinat ion of 
the two agents, at  the dose-levels used. Conversely, after 
adrenalectomy, cortisol alone proved to be clearly anti-  
phlogistic (Group VI) and DCA prophlogistic (Group 
VII), while combined t rea tment  with both hormones 
resulted in a mutual  antagonism between them (Group 
VIII) .  

The two lymphatic organs, the thymus and the spleen, 
may be discussed conjointly, as they reacted essentially 
in the same manner  to the two types of steroids. The 
lympholytic effect of cortisol was comparatively slight 
in intact  animals, and correspondingly, the ant i- lymph- 
olytic effect of DCA could likewise not  become very 
obvious. Conversely, after adrenalec tomy cortisol pro- 
duced a marked thymolysis and splenic involut ion 
(Group IV), DCA had an inverse effect (Group VII) and, 
even more significantly, the effect of cortisol upon these 
lymphatic organs was very effectively counteracted by 
simultaneous t reatment  with DCA (Group viii). 

1 H. SELYE, J. Amer. Med. Ass. 152, 1207 (1953). 
2 H. SELYE, Stress, The Physiology and Pathology of Exposure to 

Systemic Stress (Acta Inc., Med. Publ., Montreal, 1950). 

3 ~ 


