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Enzyme activity 

Catalase in cm 302  developed in 3' a t  
25°C and pH = 8 

Carbonic anhydrase in mm 3 CO z de- 
veloped in 2'  a t  15°C and pH = 6-8 

Polyphenol  oxidase in m m  3 02 ab- 
sorbed in 10' a t  25 ° C and pH = 5 . 

Table I 

I Date of analysis 

25-7- '52 
4 -8- '52  

12-8- '52 

n-plants of 
"17[51 strain" 

13"75 
14'50 
12'60 

550 
660 

an-plants of 
"17[51 strain" 

10"35 
14"00 

9"50 

380 
600 

17-7- '52 
12-8- '52 

4 -8- '52  
I I - 8 - ' 5 2  
12-8- '52 

3-8- '53  

1800 
880 

1070 

2400 
1850 
2030 
1550 

plants of line No. 5 

1030 
450 

Table I I  

Enzyme activity 

Catalase in cm s O z developed in 2'  a t  25°C and 
p H  = 8 

Carbonic anhydrase  in mm 3 CO z developed in 2'  
a t  15°C and pH = 6.8 

Polyphenol oxidase in m m  3 02 absorbed in 10" 
a t  25°Cand  pH = 5 

i~ vitro 
treatment 

essa; ' blank 

15"5 22"5 

470 300 

360 460 

a~ter 1 
5 days 

23"2 

610 

900 

test 

25 

410 

1000 

in vivo treatment 

after after 
8 days test 20 days 

14"2 15"2 

510 470 

1290 1150 1250 

after 
test 30 day~ test 

400 1000 550 

p o l y p h e n o l  ox idase  a n d  t o  success ive  a c c u m u l a t i o n  of 
h y d r o g e n  p e r o x i d e  due  t o  a n  i n s u f f i c i en t  c a t a l a s e  ac t i -  
v i t y  1, O r to  s o m e  d i so rde r  o c c u r r i n g  in  t h e  s y s t e m  t h a t  
p r o d u c e s  t h e  e n e r g y  e m p l o y e d  in  t h e  p rocesses  of 
s y n t h e s i s  t h e m s e l v e s .  

M. E. SCARASCIA VENEZIAN 

I sHtu to  di  Fru t t i co l tura  e di Elettrogenetica, Roma,  
J u l y  12, 7954. 

Z u s a m m e n J a s s u n g  

B l £ t t e r  y o n  T a b a k p f l a n z e n  w u r d e n  in  vivo u n d  i n  vitro 
m i t  200/00 A c r i d i n o r a n g e - L 6 s u n g  b e h a n d e i t  u n d  d a n a c h  
die A k t i v i t £ t e n  y o n  K a t a l a s e ,  P o l y p h e n o l o x y d a s e  u n d  
K o h l e n s ~ t u r e a n h y d r a s e  b e s t i m m t .  N a c h  zwanz ig t£g i -  
ger  I n - v i v o - B e h a n d l u n g  m a c h t e  s ich  e ine  S t 6 r u n g  de r  
O x y d a t i o n s p r o z e s s e  b e m e r k b a r .  A h n l i c h e  B e f u n d e  er- 
g a b e n  s ich  bei  P f l a n z e n ,  we lche  das  Bi ld  e ine r  Vi rus -  
k r a n k h e i t  ze ig t en  u n d  v o n  e ine r  M u t t e r p f l a n z e  s t a m m -  
t en ,  d e r e n B l i i t e n k n o s p e n  m i t  20 /o0Acr id ino range -L6sung  
b e h a n d e l t  w o r d e n  w a r e n .  

1 K. YAMAFUJI, Enzymologia 15, 223 (195~). 

P r e l i m i n a r y  S t u d i e s  on  the  M e t a b o l i s m  of  
V a c u o l a t e d  C e l l s  F o l l o w i n g  H y p o x i a  

R e s e a r c h e s  o n  t h e  m e t a b o l i s m  of v a c u o l a t e d  cells a re  
s t i l l  in  p rogress  in  t h i s  l a b o r a t o r y .  T h e  p r e s e n t  p a p e r  is 
a n  a c c o u n t  of e x p l o r a t o r y  e x p e r i m e n t s .  

S o m e  d i f f icu l t ies  h a v e  b e e n  e n c o u n t e r e d  in  p r o d u c i n g  
e x p e r i m e n t a l l y  a s a t i s f a c t o r y  a n d  we l l - r ep roduc ib l e  cel l  

v a c u o l a t i o n  in r a t  t issues.  The  use of s u b s t a n c e s  w h i c h  
d i r e c t l y  i n t e r f e r e  w i t h  some  e n z y m a t i c  s y s t e m s  h a s  b e e n  
i n t e n t i o n a l l y  avo ided ,  owing  to  t he  d i f f i cu l ty  of dis-  
c e rn ing  t h e  c h a n g e s  due  to  t h e  d i rec t  ac t ion  of t h e  d r u g  
f rom t h o s e  c o n n e c t e d  w i t h  cell v a c u o l a t i o n .  T h e  u r e t e r  
l iga t ion ,  succesfu l ly  used  b y  VERNONI 1 on  r a b b i t s ,  in-  
d u c e d  in  t h e  r a t  k i d n e y  a mi ld  v a c u o l a t i o n  a n d  a m a r k e d  
necros is .  On  t h e  o t h e r  h a n d ,  a s l igh t  s t ea tos i s  t o o k  p lace  
in t h e  l ive r  t o g e t h e r  w i t h  v a c u o l a t i o n  a f t e r  p a r t i a l  he-  
p a t e c t o m y  acco rd ing  to t h e  t e c h n i q u e  of PRICE a n d  
LARD a. A t  l e a s t  for  our  purposes ,  t h e  m o s t  s a t i s f a c t o r y  
l iver  cell v a c u o l a t i o n  was  o b t a i n e d  b y  e x p o s i n g  t h e  
r a t s  to  h y p o x i a .  Soda l ime  (TROWELL a) or d e c o m p r e s s i o n  
(PICHOTKA 4) d id  n o t  p e r m i t  a w e l l - a d j u s t a b l e  deg ree  of 
h y p o x i a ,  as s h o w n  b y  t he  nec ro t i c  a reas  t h a t  c o m p l i c a t e d  
t h e  cy to log ica l  p ic ture .  I n  our  s t u d y ,  t h e  l iver  cell  v a c u o -  
l a t i o n  was i nduced  by  keep ing  t he  r a t s  in  a c o n t i n u o u s l y  
r e n e w e d  a t m o s p h e r e  of n i t r o g e n  (97 %) a n d  o x y g e n  (3 %) 
for  2 h, a cco rd ing  to PICHOTKA'S t e c h n i q u e  4. I t  s h o u l d  
be  n o t e d  t h a t  even  w i th  t h i s  m e t h o d  t h e  cell  v a c u o l a t i o n  
d id  n o t  a p p e a r  u n i f o r m  no r  v e r y  t y p i c a l .  A p a r t  f r o m  a 
n u m b e r  of p la in  v a c u o l a t e d  cells,  m a n y  o t h e r  e l e m e n t s  
were  p r e s e n t  showing  a p a r t i c u l a r  a p p e a r a n c e .  T h e s e  cells  
p r e s e n t e d  wel l -def ined  l im i t s ;  t h e i r  c y t o p l a s m  c o n s i s t e d  
of h y p e r c h r o m i c  a reas  a l t e r n a t e d  b y  s m a l l  a n d  pa le  zones  
i r r egu la r ly  bo rde red .  All  t h e  cells  d id  n o t  d i f fe r  in  size f r o m  
t h e  n o r m a l  ones.  T h e  m e a n i n g  of  t h i s  c e l l u l a r  a p p e a r a n c e  
is a t  p r e s e n t  u n d e r  s t u d y ,  b u t  p r e s u m a b l y  t h e  c h a n g e  
r e p r e s e n t s  a n  ea r ly  s t a g e  of  cell  d a m a g e  p r e c e d i n g  t h e  
f o r m a t i o n  of t r u e  vacuo les .  

I G. VERNOm, Bios 1, 77 (1913). 
2 G. M. PRICE and A. K. LARD, Cancer Res. 10, 650 (t950). 
8 O. A. TROWELL, J. Physiol. 10a, 268 (1946). 
4 j .  PICHOrKA, Beitr. path. Anat. 107, 117 (1942). 
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Table I.-Oxydative metabolism and total water content of rat liver slices*. 

Atm.: air Medium: NaC1 . . . . . . . . . . . . . . . .  135 x 10-3M 
Temp.: 37°C. KC1 . . . . . . . . . . . . . . . .  27 x 10-aM 

CaC12 . . . . . . . . . . . . . . . .  19 x 10-4M 
Phosphate buffer (pH 7.4) . . . . . . .  96 x 10-aM 
Oetanoic or succinic acid ( N a - s a l t s ) . . .  5 × i0-aM 

Q O  t . . . . . . . . . . . . . . . . . . .  

Qo, octanoie . . . . . . . . . . . . . . .  
Qo, succinic . . . . . . . . . . . . . . .  
RQ. . : . . . . . . . . . . . . . . . .  

Total water content  (mg/g wet tissue) . . . . .  

Controls Hypoxic animals t P 

5"70 ~ 0"20 
7"90 :[: 0"33 

19"90 ~: 0"98 
1.01 ~: 0.05 

711 ~ 3.7 

6.00 ~ 0.35 
7.97 ~ 0,55 

21.20 i 0.57 
0-65 ~ 0"04 

711 4- 3-8 

0"60 
0.11 
1.19 
5.39 

0.6 > P >  0.5 
P > 0 - 9  

0.3 > P > 0 . 2  
P < 0-0I 

* Each value represents the mean of 10 animals 4- s.e, 

A d u l t  Mbino r a t s  w e r e  u sed  t h r o u g h o u t  our  exper i -  
m e n t s .  B o t h  n o r m a l  a n d  h y p o x i c  an ima l s  were  f a s t e d  for  
16-20 h, a f t e r  w h i c h  t h e y  were  ki l led b y  d e c a p i t a t i o n .  
Since a n  a p p r e c i a b l e  vacuo la t i on  a f t e r  hypo-xia was  
p r e s e n t  on ly  in  t h e  l iver,  ou r  m e t a b o l i c  r e sea rches  h a v e  
b e e n  l i m i t e d  exc lus ive ly  to  th i s  o rgan .  O x y g e n - u p t a k e ,  
oc t ano ic -ox idase  a n d  succ in ic -ox idase  ac t iv i t i e s  were  
m e a s u r e d  on  l iver  sl ices acco rd ing  to  t h e  d i r ec t  WAR- 
BURG m e t h o d L  R e s p i r a t o r y  q u o t i e n t  was  d e t e r m i n e d  
acco rd ing  to  t h e  D i x o n  modi f i ca t ion*  of  DICKENS' a n d  
SIMER'S f i r s t  m e t h o d  ~. The  t o t a l  w a t e r  c o n t e n t  was  
ca l cu l a t ed  b y  t h e  d i f fe rence  b e t w e e n  t h e  w e t  we igh t  a n d  
t h e  d r y  w e i g h t  of t h e  t i ssue.  The  resu l t s  o b t a i n e d  are 
s u m m a r i z e d  in Tab le  I. The  d a t a  on t h e  w a t e r  c o n t e n t  
a p p e a r  of some  in t e res t .  Since no mod i f i ca t ion  has  been  
o b s e r v e d  in v a c u o l a t e d  cells, i t  is r ea sonab le  to  a s sume  
t h a t  v a c u o l a r  d e g e n e r a t i o n  is n o t  necessa r i ly  a lways  a 
h y d r o p i c  d e g e n e r a t i o n .  F r o m  t h e  e x a m i n a t i o n  of t h e  
d a t a  in Table  I, i t  a p p ea r s  also e v i d e n t  t h a t  t h e  R Q  is 
s ign i f i can t ly  lowered  in v a c u o l a t e d  cells as c o m p a r e d  
w i t h  t h e  cont ro l s .  On t h e  c o n t r a r y ,  o x y g e n - u p t a k e ,  
oc t ano ic -ox idase  a n d  succ in ic -ox idase  ac t iv i t i e s  r e m a i n  
u n c h a n g e d .  A t  p r e s e n t  a s a t i s f a c t o r y  e x p l a n a t i o n  of t h e  
lower ing  of t he  R Q  is imposs ib le ,  s ince t h e  change  m a y  
be  t h e  c o n s e q u e n c e  of severa l  me tabo l i c  dev ia t ions ,  all 
of w h i c h  are poss ib le .  

In  a d d i t i o n  to  t h e  above  e x p e r i m e n t s ,  ac id-soluble  
p h o s p h o r u s  f r a c t i o n a t i o n  has  b e e n  ca r r i ed  ou t  in n o r m a l  
and  v a c u o l a t e d  t issues .  L ivers  were  r e m o v e d  f r o m  b o t h  

n o r m M  a n d  h y p o x i c  r a t s  u n d e r  MgSO 4 a n a e s t h e s i a  ac- 
co rd ing  to  D u s o I s  et al. L P h o s p h o r u s  I r a e t i o n a t i o n  was 
p e r f o r m e d  a f t e r  PINCHOT a n d  BLOOM 2, us ing  t h e  m e t h o d  
of FISKE a n d  SIJBBAROW~ Ior  t h e  p h o s p h o r u s  d e t e r m i n a -  
t ion  in t h e  s amples .  T h e  d a t a  g iven  in -Tab le  I I  s h o w  
c lea r ly  t h a t  labi le  P ( A T P ,  A D P )  a n d  to t a l  h igh  e n e r g y  
p h o s p h a t e  b o n d s  ( N  P) are  d e c r e a s e d  in  v a c u o l a t e d  
t issues .  Since t h i s  d i m i n u t i o n  was  also f o u n d  in h y p o x i c  
ra t s  b r o u g h t  t o  t h e  n o r m a l  O 2 t ens ion  15 rain before  
d e c a p i t a t i o n ,  t h e  ~ P r e d u c t i o n  c a n n o t  be d u e  to  t he  
lowered  O 3 t ens ion .  There fo re  i t  s eems  logical  to  conc lude  
t h a t  t h e  b iochemica l  c h a n g e  is in r e l a t ion  to  t h e  cy to -  
logical  a l t e ra t ions .  

This work has been supported by research grants from the ,  Lega 
Italiana per la Lotta eontroi Tumori,~. 

MARIA BASSI a n d  A. BERNELLI-ZAZZERA 

Inst i tute o/ General Pathology, Universi ty  of Mi lan ,  
I ta ly ,  October ~, 7954. 

Riassunto 

t~ s t a t o  s t u d i a t o  il m e t a b o l i s m o  os s ida t ivo  di  f e t t e  di 
l ega to  di r a t t o  in degene raz ione  vacuo la re  da  ipossia.  
Si ~ r i l e v a t a  u n a  d iminuz ione  del quoz ien te  resp i ra tor io ,  
m e n t r e  il c o n s u m o  globale  di  ossigeno,  s enza  s u b s t r a t i  
o in p r e s e n z a  di  o t t a n o a t o  o di succ ina to ,  r i m a n e  in- 
va r i a to .  Nei  fega t i  degli  an ima l i  t e n u t i  in iposs ia  si h a  
d iminuz ione  del P labile  (ATP,  A D P )  e dei  ~ P total i .  

1 0 .  ~VARBURG, in R. DEOTTO, I metodi manometricl in biologia 
(L. CAPPELL, Bologna, 1942). 

2 M. DIXON, Manometric Methods (University Press, Cambridge 
1934). 

8 F. DZCKENS and F. SfMER, Biochem. J. 2~, 905 (1930). 

1 K. P. Du~oIs, H. G. ALBAUM, and V. R. POTTER, J. Biol. Chem. 
147, 699 (19.13). 

G. B. PltcCtfOT and W. L. BLOO~, J. Biol. Chem. 184, 9 (1950). 
C. It. FlSKE and Y. SIJBBAROW, in B. LaNcE, Kolorimetrisehe 

Analyse (Verlag Chemic, G.m.B.H., Berlin, 1941). 

Table/I.-Acid-soluble phosphorus fractions of livers from controls and hypoxic rats (mg P/100 g wet tissue) 1 

180 miu P 
Inorg. P .  
Ester  P 
Labile P (ATP, ADP) . . 
Phosphocreatine P . . . 
N P  

Controls 

54-5 4- 3-42 
26.9 4- 0.90 
14.2 ± 1-79 
10-5 4- 0-40 
2.9 :t= 1-10 

13.4 4- 1-39 

treatment a I t 

47-9 4- 2.30 1.68 
28.7 4- 1.60 0.48 
11-5 4- 0,96 1.33 

5-0 4- 1.69 3.14 
2-7 ~ 0.76 0-18 
7-7 ~ 1.91 2-41 

Hypoxic animals 

P 

0.2 > t ? > 0 - 1  
0,7 > P > 0 . 6  
0.3" > P > 0 . 2  
0.02 > P > 0.01 
0-9 > P > 0 . 8  
0.05 > P > 0-02 

treatment b 

51"6 ! 2-64 
28-8 ~ 1.55 
14.6 i 2"09 
4.4 :t: 1-20 
3"8 i 0.39 
8.2 ~ 1-17 

0-63 
0-82 
0-t6 
4.77 
0-79 
2.85 

P 

0.6 > P  > 0 . 5  
0.5 > P > 0 - 4  
0-9 > P  > 0 - 8  

P < 0-01 
0.5 > P > 0 . 4  
0-05 > P > 0"02 

1 Each value represents the mean of 5 animals ~ s.e. Treatment a: animals killed immediately after 2 h hypoxia. 
Treatment b: animals brought to normal O 2 tension 15 rain before sacrifice. 


