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Table/.-Counts of grains per 64/~ s in the retina. 

31 

1 2 3 4 5 6 
Outer layer of rods Inner plexiform 

and pigment Inner layer Outer nuclear Outer plexiform Inner nuclear layer to the layer 
epithelium of rods layer layer layer of optic fibres 

68"24 4- 2.04 40'36 -4- 1"04 20"92 + 1"01 32"78 :t: 1"32 25-48 ::t= 1.31 38-58 + 1'35 

grade cross-react ions  wi th  mesode rma l  t issues is p robab ly  
caused by  the  n o n - r e m o v a l  of some ci l iary muscles dur ing 
the  p repa ra t ion  of the  ant isera .  

Fig. 5.-Autoradiograph of part of retina and external tissues (un- 
stained) ( × 260}. 1 = optic nerve; 2 = extrinsic muscles of the eye, 
chlorid, sclera; 3=retina. The width of the retina here is about ~6 of 

that of the region in Figures 2 and 3. 

As migh t  be expec ted ,  the  a c t i v i t y  of the lens was in all 
cases h igher  t h a n  t h a t  of the  r e t ina l  layers.  

Table II.--Counts of grains per 64p z in the cornea. 

Epithelial layer Fibrous cornea 
, .  , , . ,  

23"53 :=1:: 1"07 11.63 :~ 0'91 

Table IlL-Counts of grains per 64/~ s in tim muscles of the eye. 

Ciliary muscle Extrinsic muscle of the eye 

26"86 :]: 1-06 31.00 :I:: 1.02 

The fo rma tkm and  d i s t r ibu t ion  of these  an t igens  
dur ing  o n t o g e n y  is now be ing  s tudied.  Inves t iga t ions  
are also in progress  on the  changes  in q u a n t i t y  of lens 
specific pro te in  ( tested by  ant i - lens  sera a f te r  absorp-  
tion) dur ing inducat ion ,  d e v e l o p m e n t  and regenerat ion.  
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Rdsumd 

Des an t icorps  cont re  le cr is ta l l in  et cont re  le muscle 
ca rd iaque  de la  souris on t  dtd marquds  par  le radio-iode,  
puis  employ6s  pour  la  loca l i sa t ion  h i s toch imique  e t  pour  
une  analyse  q u a n t i t a t i v e  de ces ant ig~nes au cours du 
ddve loppement .  

S t u d i e s  o n  F a c t o r s  I n f l u e n c i n g  the  E n d o g e n o u s  
R e s p i r a t i o n  of L i v e r  H o m o g e n a t e s  

T h e  A c t i o n  of  N i c o t i n a m i d e  on  a K e t o - o x i d a s i c  
A c t i v i t y  of Rat ' s  L i v e r  

We have  p rev ious ly  shown how n ico t inamide  added  
to  a h o m o g e n a t e  of r a t ' s  l iver  is capab le  of  increas ing  
endogenous  respirat ion,  under  pa r t i cu la r  expe r imen ta l  
condi t ions  1. 

As FEIGZLSON and  others  g had previous ly  demon-  
s t r a t ed  an  inhibi t ing,  and no t  exc i ta to ry ,  act ion of  nico- 
t i namide  on endogenous  respira t ion,  i t  was necessary to  
es tabl ish the  reason for this  d ivergence  in data .  We 
wished to  f ind ou t  if the  die t  had any  inf luence on these  
p h e n o m e n a  in order  to solve this  problem.  We  have  
therefore  s tud ied  the  inf luence of n i co t inamide  on the  
endogenous  respi ra t ion of l iver  homogena tes  ob ta ined  
f rom (a) ra ts  on a normal  die t  ba lanced accord ing  to 
RANDOIN and COUSERET'S d i c tum s, and the  same in a 
fas t ing condi t ion,  (b) an imals  fed on a hypopro te in  and  
hyper l ip id ic  diet .  The  t echn ique  used was t h a t  a l r eady  
descr ibed in previous  works 1. 

The  resul ts  of these  expe r imen t s  is t h a t  the  hypo-  
prote ic  (hypopro t id ic  hyperg lyc id ic  and  hypopro t id i c -  
hyperl ipidie)  d ie t  and  the  fas t ing  s ta te  (in an ima l s  fed 
on a ba lanced  diet) are the  cause of condi t ions  which 
show up the  p h e n o m e n a  a l r eady  descr ibed by  us, i.e. 
endogenous  respi ra t ion values  in t he  presence of nico- 
t i namide  become  much  h igher  t h a n  those  f rom homo-  
gena tes  w i thou t  n i co t inamide  (Fig. 1 and  2). The  hyper -  
l ipidic die t  is responsible  for the  m a x i m u m  in tens i ty  of 
the  phenomenon  (Fig. 1). 

i L. VILLA and N. l)1o6vaici~l, Mcdiciaa 3, *287 (195"2); Boll. Soc. 
Lomb. Sci. Med. Biol. 7, 405 (1952); Cont. Congr. internaz. Chim. 
Biol., Parigi, luglio (1951); Exper. 9, 469 (1953). 

s F. Fzm,~LSO~¢, J. N. WILLX^US, Jr., and C. A. ELVEHJZU, 
J. Biol. Chem. 189, 361 (1951}. 

s L. RANIJON! and G. CotrsrRzr, Bull. Soc. Sci. d'Hyg. Afire. 
1, 14 (1947). 
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t t y p e r p r o t i d i c  a n d  b a l a n c e d  d i e t s  c o m p l e t e l y  a b o l i s h  
t h e  e x c i t a t i o n  o f  e n d o g e n o u s  r e s p i r a t i o n  d u e  t o  n i c o t i n a -  
m i d e  a n d ,  f u r t h e r  m o r e ,  t h e  a d d i t i o n  o f  t h i s  c o m p o u n d  
c a u s e s  a r e d u c t i o n  (F ig .  2). 
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Fig. 1 . - -The endogenous respiration of homogenates obtained from 
the liver of rats  on a hyperprotidic diet ([3hypoprotidic-hyperlipide, 
A hypoprotidic-hyperglyeidic), and rats  fasting 48 h from a balanced 
diet (o). Homogenized in 5 parts  of isotonic KC1 and Ringer-phos- 
phate  solution (pH 7.0) to 3 crn ~. Doses of 1 × 10 -a  nlol of nicotin- 
amide (AAN in the tigine) z'ere placed in the  principal cavity. 
Central well - -0"2  ml. f~lM KOH, Atmosphere:  air. Temperature  of 
the bath,  80~C. The flasks were kept  in finely crushed ice until  they  

were pu t  in the  bath• 

W e  h a v e  a l so  s t u d i e d  w h e t h e r  t h e  a d d i t i o n  o f  m a l o n a t e  
h a d  a n  i m p o r t a n t  i n h i b i t i n g  r o l e  o n  t h e  p h e n o m e n o n  
o b s e r v e d  u n d e r  t h e s e  c o n d i t i o n s .  E x p e r i m e n t s  d e a l i n g  
w i t h  t h i s  p r o b l e m  h a v e  s u p p l i e d  u s  w i t h  d a t a  f r o m  w h i c h  
i t  is  p o s s i b l e  t o  a s s e r t  t h a t  m a l o n a t e  d o e s  n o t  i n h i b i t  
n i c o t i n  a m i d e  e x c i t a t i o n  ( T a b l e  I I ) ,  
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Fig. 2 . - -The  endogenous respiration of homogenates obtained from 
the livers of ra ts  on a balanced diet (°} and on a hypoprotidic diet 

(/k). The experimental  conditions are the  same as for Figure 1. 

Vee h a v e  a l s o  t e s t e d  t h e  i n f l u e n c e  o f  v a r i o u s  o x i d i z a b l e  
s u b s t a n c e s ,  w i t h  a n d  w i t h o u t  n i c o t i n a m i d e ,  o n  l i v e r  
h o m o g e n a t e s  f r o m  r a t s  f e d  o n  a b a l a n c e d  d i e t  a n d  n o t  
s t a r v e d .  T h i s  w a s  c a r r i e d  o u t  i n  o r d e r  t o  t r y  t o  i d e n t i ~ y  
t h e  o x i d i z a b l e  s u b s t r a t e  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d ' O ,  
c o n s u m p t i o n .  T h e  d a t a  a r e  s u m m a r i z e d  in  T a M e  I .  T h e  
s t u d y  o f  t h e  a c t i v i t y  o f  l i v e r  h o m o g e n a t e s  f r o m  r a t s  
m a i n t a i n e d  o n  a b a l a n c e d  d i e t ,  w i t h o u t  : fas t ing ,  in  t h e  
p r e s e n c e  o f  n u m e r o u s  o x i d i z a b l e  s u b s t r a t e s ,  a l l o w s  u s  t o  
a f f i r m  t h a t  o n l y  w i t h  a c e t o - a c e t a t e  w a s  i t  p o s s i b l e  t o  

Table / . - -Exper iments  earned out  in normal }Varburg Flasks with 
a side arm: homogenate obtained with 5 parts  isotonic KC1; nico- 
tinamide 1 x 10 .8  tool in the matin cavity;  substrate in side arm 
added after 10 min equilibrium in thermostat ic bath,  in concentra- 
tions given at  the foot of the table. Phosphate Ringer buffered at 
pH 7"0, up to 3 ml, 0-2 ml, 2 M KOFI in central well. Temperature of 
ba th  30°C; time 9f experiment:  3 h. The data reported are those 

obtained after 1 h. x 

Without  
nieotinamidc 

Substrate 
XO~ 
base 

Succ ina te  (~) 76 
A I p h a - k e t o g l u t a r a t e  - • - (°)i 50 
A l p h a - k e t o g l u t a r a t e  . . . (°) 

+ m a l o n a t e  (°°) - 
Ma la t e  (~)'l 65 
F u m a r a t e  (o) 58 
P y r u v a t e  (°)! 71 
P y r u v a t e  + m a l a t e  (°) 55 
L a c t a t e  (°) 62 
'Ci t ra te  (o), 81 
f l - h y d r o x y b u t y r a t e  (°) 60 
f l - h y d r o x y b u t y r a t e  (o): 

+ m a l a t e  (°°) 71 
P r o p i o n a t e  (°) 67 
P rop iona t e  (o} 

+ m a l a t e  (°) 85 
Ace t a t e  (~) 71 
Ace t a t e  {°)  

+ m a l a t e  (o) 66 
Ace toce t a t e  (++) 120 
Val ine  (+) 43 
Serine (+) 58 
Cys t ine  (+) 64 
Meth ion ine  (+) 44 
Glycocoll  (+) 59 
Pro l ine  (+) 72 
Oxypro l ine  (+) 64 
G l u t a m a t e  (+) 48 
A s p a r t a t e  (+) 69 
Glucose  (_) 54 
Xy lose  (_) 63 
Ribose  (_) 48 

Without  
nieotinamide 

XO~ XO2 ! XO~ 
substr,  i base lsubstr.  

490 54 265 
78 37 53 

69 -- 32 
76 48 45 
66 32 36 
77 39 45 
68 40 42 
79 30 34 
96 95 107 
96 51 56 

86 58 77 
74 44 44 

99 63 87 
89 48 47 

30 55 30 
150 200 430 

43 62 42 
48 68 46 
32 48 30 
35 59 30 
53 78 53 
44 63 40 
30 50 33 
35 53 32 
49 68 47 
46 55 47 
50 56 48 
30 49 33 

{=) = i r no l  x 10 - s  (+ )  = 1 tool x 10 -4  
{oo) = ~/zmol x 10 - s  (--)  = 2 too l  x I0 -~ 

( +  + )  = da ta  after 8 h of experiment  

r e p e a t  t h e  p h e n o m e n o n  o b s e r v e d  i n  t h e  c a s e  o f  l iver 
h o m o g e n a t e s  o b t a i n e d  f r o m  r a t s  o n  h y p e r p r o t i d i c  d ie ts  

T a b l e / / . - - T h e  oxidation of aeeto-acetate, in presence of nicotina- 
mide, by liver homogenates obtained from non-fasting rats  main- 
tained on a balanced diet. The aeeto-acetate, extemporaneously 
prepared by the method of LJtr~cGGR~N ~, was placed in the side arm 
and added to the mixture ten minutes  after equilibrium. The ex- 
perimental  conditions are the sanle as for Table I. Those are the 
75% positive data. In  25% of our experiments we were not  able 

to produce the aeeto-aeetate oxidation. 

B a s e  . . . . . . . . . . . . .  

Base  + n i c o t i n a m i d e  . . . . . .  
Base  + ace to -ace t a t e  . . . . . .  
Base  + ace to -ace t a t e  

+ n i c o t i n a m i d e  . . . . . . .  

1 3 0 4 - 1 5  
1 4 0 4 - 2 0  
1 3 0 4 - t 0  

4 2 0 ± 4 5  

I p. I. M,~s~ and J. H. QUASTEL, Biochem. J. 35,502 (1941). 
2 G. LJUNGGREN, Chen]. Zbl. ~, 23 (1924). 
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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 .  

~[ [xperiments on slices [ equilibrated 
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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~). 


