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B y  express ing  t he  glycolysis  t h r o u g h  the  ve loc i ty  con-  
s tan t  co r rec ted  for  t h e  h e m a t o c r i t ,  t h e  v a r i a t i o n s  due to 
the c o n c e n t r a t i o n  of glucose are  a u t o m a t i c a l l y  e l imina ted .  
However,  i t  h a s  to  be  k e p t  in m i n d  t h a t  glycolysis  is no t  
a s imple process  b u t  cons is t s  of a cha in  of in t e r re l a t ed  
react ions a n d  the re fo re  t he  use of a single ve loc i ty  
cons tan t  m a y  be  a n  ove r s imp l i f i ca t ion  wh ich  is no t  free 
from reasonab le  cr i t ic ism.  

W h e r e a s  the  r e l a t i onsh ip  b e t w e e n  in i t ia l  glucose level 
and glycolysis  is s t r o n g l y  sugges t ive  of a f irst  o rde r  
reaction,  t h e  d i s a p p e a r a n c e  of t h e  glucose followed a t  
shor ter  i n t e r v a l s  d u r i n g  t h e  f i r s t  2 h a p p r o x i m a t e s  to  a 
s t ra igh t  l ine  more  c o n s i s t e n t  w i t h  a r eac t ion  of o rder  zero. 
We h a v e  n o  s a t i s f ac to ry  e x p l a n a t i o n  for th i s  d iscrepancy.  

Since u n d e r  n o r m a l  c i r c u m s t a n c e s  t he  r ange  of t he  
sugar levels  in  t h e  b lood  is r e l a t ive ly  smaU, no  s ign i f ican t  
error c a n  be  m a d e  if one  expresses  t h e  glycolysis  in  t he  
conven t iona l  way.  Howeve r ,  t h i s  m e t h o d  becomes  un-  
reliable w h e n  t h e  glycolysis  is followed d u r i n g  s p o n t a n e -  
ous or  i nduced  s u g a r  va r i a t i ons .  
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Riassunto 

S t u d i a n d o  la glicolisi di g lobul i  rossi  u m a n i  ~ s t a t a  no-  
ra ta  u n a  cor re laz ione  s t a t i s t i c a m e n t e  s ign i f i ca t iva  t r a  
livello iniziale  di glucosio e glicolisi, espressa  in m g  di 
glucosio u t i l i zza t i  d a  100 ml  di g lobul i  rossi  pe r  ora. In  
condizioni  di car ico s p e r i m e n t a l e  con  glucosio la correla-  
zione h a  a v u t o  u n  c o m p o r t a m e n t o  var iab i le .  

Activation of Cathepsin in Fatty Liver 

I t  h a s  been  s h o w n  in r ecen t  years  t h a t  c a t h e p s i n  act i -  
vi ty  of l iver  cells is m a i n l y  loca ted  w i t h i n  m i t o c h o n d r i a ' .  
DE D u v E  et al3 h a v e  found  t h a t  t he  e a t h e p s i n  which  is 
active on  h a e m o g l o b i n  is b o u n d  to a sp : c i a l  t y p e  of par-  
ticles, w h i c h  h a v e  t h e  s ame  s e d i m e n t a t i o n  cha rac -  
teristics such  as  l igh t  m i t o c h o n d r i a .  These  par t ic les  h a v e  
been cal led lysosomes. T h e y  c o n t a i n  p rac t i ca l ly  all acid 
phospha tase ,  f l -glucuronidase,  r ibonuclease ,  desoxy-  
r ibonuclease a n d  c a t h e p s i n  ac t iv i t i e s  of t he  l iver  cells. 
The a c t i v i t y  of these  e n z y m e s  is v e r y  low w h e n  the  lyso- 
somes are  in t ac t ,  b u t  increase  m a n y  t imes  as a r e su l t  of 
damaging  t r e a t m e n t s .  These  also p r oduce  t he  d i s p l a c e m e n t  
of the  b o u n d  e n z y m e s  f rom t h e  pa r t i c les  to  the  suspens ion  
fluid. M a n y  d i f f e ren t  t r e a t m e n t s  p r oduce  s imi la r  effects:  
homogeniza t ion  in  \Var ing  b l ende r ,  suspens ion  in hypo-  
tonic so lu t ions ,  i n c u b a t i o n  a t  37°C for a s h o r t  t ime,  ad-  
dition of salts ,  a d d i t i o n  of s u b s t a n c e s  which  decrease  the  
surtace tens ion .  

The  presence  of m i t o c h o n d r i a l  d a m a g e  in  f a t t y  l ivers  
has been  descr ibed  a. Morpholog ica l  modi f i ca t ions  of mi te -  
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chondr i a  consis t  m a i n l y  in the  swell ing of t h e  par t ic les .  
Swollen m i t o c h o n d r i a  show h ighe r  p e r m e a b i l i t i e s  to  m a n y  
subs tances  or ig ina l ly  c o n t a i n e d  inside t h e i r  body ,  as 
r ibonucleic  acid 4, c y t o c h r o m e  c n, py r id ine  nuc l eo t ide s  6, 
adenos ine  p h o s p h a t e s  7, t h i a m i n e  p y r o p h o s p h a t e  8, c i t r a t e  0. 
These  subs tances  are d isp laced  f rom the  m i t o c h o n d r i a l  
body  to the  suspens ion  fluid as a consequence  of t r e a t -  
men t s  which  produce  m i t o c h o n d r i a l  swelling.  These  t r e a t -  
men t s  resemble  s t rong ly  those  which  p roduce  lysosome 
damage.  I t  seems t h e n  no t  i m p r o b a b l e  t h a t  lysosome 
d a m a g e  exis ts  in f a t t y  livers. S t r o n g  increase  of acid 
p h o s p h a t a s e  a c t i v i t y  of f a t t y  l ivers  ha s  been  r e p o r t e d  1°. 
In  these  condi t ions ,  a r e d i s t r i b u t i o n  of t h e  e n z y m e  t a k e s  
place, as a large p a r t  of i t  is d i sp laced  f rom m i t o c h o n d r i a  
in to  the  fluid p a r t  of t he  h o m o g e n a t e .  A n  increase  of fl- 
g lucuronidase  in f a t t y  l ivers  has  been  r e p o r t e d  b y  MILLS 
el al. n. 

Thus  i t  was in te res t ing  to s t u d y  t he  b e h a v i o u r  of c a t h e p -  
sin, a n o t h e r  e n z y m e  p r e s e n t  in  lysosomes.  Alb ino  r a t s  
weighing 150-180 g were used. T h e y  were fed o n  a 
s t a n d a r d  diet.  F a t t y  in f i l t r a t ion  of t h e  l iver  was  o b t a i n e d  
e i the r  b y  2 subcu t aneous  in jec t ions  of c a r b o n  t e t r a -  
chloride (0-2 mt of a 20% so lu t ion  in ol ive oil, each  day) ,  
or also b y  one s u b c u t a n e o u s  in jec t ion  of w h i t e  phos-  
phorus  (0-1 ml of the  0 .5% so lu t ion  in olive oil). The  r a t s  
were killed b y  decap i t a t i on  24 h a f t e r  t he  las t  in jec t ion .  
The  l iver was immedia t e ly  dissected a n d  t r an s f e r r ed  to a 
cold room a t  2 ° C. 

10% homogena te s  were p repa red  in a P o t t c r - E l v e h j e m  
homogenizer ,  two types  of t issue suspens ions  be ing  pre-  
pa red  in each case: the  first  one was p r e p a r e d  w i t h  0.25 M 
sucrose, the  second one w i th  0.25 M sucrose  c o n t a i n i n g  
0 . 1 0  Triton X - I O 0  (ob ta ined  t h r o u g h  t h e  cou r t e sy  of 
Prof. H. G. K. WESTENnRINK). Th i s  was  used to  p roduce  
m a x i m u m  ac t iva t i on  of ca theps in ,  as a resu l t  of the  dis-  
in t eg ra t ion  of the  par t ic les  (WATTIAUX a n d  DE DOVE~2). 
In  order  to avoid  mechan ica l  d a m a g e  to the  par t ic les  in 
the  case of the  h o m o g e n a t e s  p r e p a r e d  w i t h  0-25 M 
sucrose, m i tochondr i a  were no t  i sola ted a n d  t he  e n z y m e  
de t e rmina t ions  were pe r fo rmed  on t he  whole homogena te s .  
These  were used wi th in  10 rain a f t e r  t he  d e a t h  of the  
animal .  

Ca theps in  ac t i v i t y  was d e t e r m i n e d  a t  37°C b y  a modi -  
f icat ion of the  m e t h o d  of ANSON ~3 descr ibed  b y  GIANETTO 
and  DE DOVE z4. The  reac t ion  m i x t u r e  h a d  the  fol lowing 
compos i t ion :  0.17 M ace t a t e  buffer ,  p H  5.0, 0.00026 21~r 
haemoglobin ,  the  e n z y m e  and  0-25 M sucrose  to 3 ml.  T h e  
reac t ion  was s topped  b y  a d d i n g  4 ml  of ice-cold 0-3 M 
t r ich loroace t ic  acid. The  m i x t u r e  was cooled i m m e d i a t e l y  
a n d  fi l tered in t he  ice box,  in o rder  to  decrease  t he  h y d r o l y -  
sis of sucrose, t h e  p r o d u c t s  of w h i c h  in te r fe r  w i t h  t h e  
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Cathepsin activity of the liver of normal rats aud of rats treated with stcatogenic poisons. 
The standard deviation is indicated after each average. Fat content of normal liver was mg 40"8 + 4-7/g wet tissue. Those of the liver ol 

the rats treated with CCI4 or with phosphorus were respectively mg 71-I :k 8.6 and 63.0 ± 7.8. 

Amount of enzyme used mg 

Without Triton . . . .  20 
\Vith Triton . . . . .  20 
Stimulation % by Triton . 
Without Triton . . . .  50 
With Triton . . . . .  50 
Stimulation by Triton . . 
\Vithout Triton . . . 100 
With Triton . . . .  100 
Stimulation% by Triton' . 

Normal rats 

[,g t }~osinc 
set free in 8 min 

0 
32.7 ± 19.6 

o O  

7.3 ± 7.0 
62.4 ± 18.3 

754.8 
14.3 ± 9-6 
99.7 ± 18.8 

583.2 

t,g tyrosinc 
[mg N 

0 
57.5 ± 32.3 

oo 
5-1 ± 5.0 

44.1 ± 16.4 

5.1 ± 3.1 
34.O ± 7.8 

Rats treated with CCIa 

t*g t yrosine 
set free in 8 rain 

/zg tyrosine 
/mg N 

14-4 ± 14-4 
121.7 ± 47-1 

28.3 ± 13-5 
78.0 ± 21.2 

20.6 ± 6-2 
61.6 ± 24.7 

Rats treated with phosphorus 

l,g tyrosine 
set free in 8 rain 

7.0 ~_ 7-0 
54.5 :~ 19.8 

678.5 
31.4 ~ 13.9 
97.7 :L 19.3 

211.1 
46,2 ~ 17.2 

137.1 :k 48.1 
196.7 

4.6 ± 4"0 
58.2:1:22.6 

116.5 
26.5 ± 8.8 
90.3 :}2 23.3 

240.7 
43.3 :÷~ 20.1 

122-0 ~: 29,2 
181.7 

pg tyrosine 
/rag N 

9-3 ± 9.0 
118"8 ± 50.5 

21-6 ± 7.5 
81.2 i 17.9 

18.1 ± 10.0 
50"9 ± 16.4 

colour  react ion .  All t he  solut ions  used,  w i t h  t h e  excep t ion  
of t r ich loroace t ic  acid, were  m a d e  e i ther  in 0-25 3~ r sucrose 
or in 0.25 ~I  sucrose  con ta in ing  0.1% Tr i ton  X-100 .  
Haemog lob in  was  puri f ied according  to  GIANErTO and  
DE D u v n  14. Three  d i f fe ren t  a m o u n t s  of  enzyme  were 
used for each  d e t e r m i n a t i o n :  20, 50, and  100 mg respec-  
t ively.  Fo r  each series 2 samples  were p r epa red :  in t he  
first  one, the  reac t ion  was  s t opped  2 min  a f te r  the  be- 
g inning of the  incubat ion ,  in the  second one it was s t oppe d  
a f te r  10 min.  The a romat ic  deg rada t ion  p roduc t s  of hae-  
moglobin  were measured  on the  depro te in ized  f i l t ra tes  by  
means  of t h e  Folin-CiocMteu reagent ,  w i th  ty ros ine  as 
s t anda rd .  The  differences be tween  the  read ings  found  
a t  10 a n d  2 min  were r e t a ined  as a measure  of t h e  enzym e  
ac t iv i ty .  The  va lues  are given in the  Table  as mic rograms  
ty ros ine  se t  free in 8 min.  

In  all homogena t e s ,  n i t rogen  was  d e t e r m i n e d  b y  the  
usual  mic rok je ldah l  technique .  To ta l  fa t  c o n t e n t  of each  
l iver  was d e t e r m i n e d  b y  e the rea l  e x t r a c t i o n  of  t he  d r y  
p o w d e r  of t he  organ  in a Soxhte t  appa ra tus .  

The Table  shows tha t ,  in  t h e  case of normal  liver, 
prac t ica l ly  no e n z y m a t i c  ac t iv i ty  was found  in t he  homo-  
genates  p repa red  w i t h o u t  Tr i ton,  when  the  a m o u n t  of 
e n z y m e  used cor responded  to 20 and  to 50 mg of t issue.  
The ac t iv i ty  was  present ,  b u t  ve ry  small,  only  wi th  
100 mg  tissue. The add i t ion  of Tr i ton  to  t he  h o m o g e n a t e s  
p roduced  a s t rong  ac t iva t ion  of ca theps in  ac t i v i t y .  As the  
values  per  mg  n i t rogen  were h igher  w i th  20 mg t issue t h a n  
w i t h  h igher  a m o u n t s  of t issue, i t  seems probab le  t h a t  in 
the  las t  case s a tu r a t i on  of the  e n z y m e  is a t t a ined .  In  the  
case of f a t t y  livers, the  enzyme  ac t i v i t y  was  prac t ica l ly  nil 
w i th  20 mg  tissue,  b u t  was  ev iden t  w i t h  50 mg  and  was 
r a t h e r  h igh  w i t h  t00 mg. The  add i t ion  of T r i t on  p roduce d  
fu r the r  s t imula t ion ,  b u t  th i s  was  m a n y  t imes  lower  t h a n  
t h a t  obse rved  in t he  case of no rma l  l ivers.  The  e n z y m a t i c  
ac t iv i ty  in t he  presence  of Tr i ton  was  h igher  in t he  case of 
f a t t y  liver t h a n  in t h a t  of  no rma l  liver. The  dif ference is 
qu i te  s t r ik ing if t he  values  are given per  mg  ni t rogen.  

One m a y  conclude f rom these  resul ts  t h a t  t he  ac t iv i ty  
of ca theps in  is increased in f a t t y  l ivers d e t e r m i n e d  by  
carbon te t rach lor ide  and  b y  whi te  phosphorus .  One of the  
reasons for th is  increase is p r o b a b l y  the  damage  of lyso- 
somes. This cannot ,  however ,  be the  only  cause for the  
increase,  as i t  was found  also in the  e x p e r i m e n t s  made  in 
the  presence  of Tr i ton  X-100 .  

The morpho logy  of lysosomes  has  n o t  y e t  been  well 
es tabl ished.  2qOVIKOFF, BEAUFAY, and  DE DUVE 15 have  
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succeeded in isolat ing f rom ra t - l iver  a lysosome-rich 
fract ion,  wh ich  ma in ly  cons i s ted  of smal l  mitochondria  
and  of a pecul iar  t y p e  of par t ic le ,  the  'dense  body'. 
'Dense  bodies '  have  been  t e n t a t i v e l y  ident i f ied  with 
Iysosomes.  The  m o r p h o l o g y  of ' dense  bodies '  closely re- 
sembles  t h a t  which  was  descr ibed  b y  RHODIN ~ and  by 
ROOILLER a n d  BERNHARD 1~ for 'microbodies ' .  These are 
p re sen t  also in no rma l  liver, b u t  increase s t rong ly  in fatty 
livers p roduced  by  ca rbon  te t rach lor ide  or also by  partial 
hepa tec tomy~L An increase of m i tochondr i a  wi th  a very 
smal l  d iameter ,  p r o b a b l y  to  be ident i f ied wi th  micro- 
bodies ,  was  descr ibed  in f a t t y  l iver b y  carbon  tetrachloride 
also by  DIANZANI and  BAHR~% These  facts  m a y  be inter- 
es t ing  in order  to  u n d e r s t a n d  the  n a t u r e  of t he  increase of 
ca theps in  in f a t t y  liver. 
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Riassunlo 

L ' a t t i v i t £  ca t ep t i ca  del fegato grasso o t t e n u t o  mediante 
t r a t t a m e n t o  pa ren te ra le  con CC14 o con fosforo nel rat to 
a u m e n t a t a  r i spe t to  al normale .  Nel normale ,  gli omo- 
genat i  h a n n o  una  attivit~, ca t ep t i ca  mol to  bassa,  che au- 
m e n t a  di  mol te  vol te  se si aggiunge al mezzo il Triton 
2,2-100. Nel fegato grasso, invece,  si osserva  una  discreta 
a t t iv i t~  ca t ep t i ca  gih in assenza  di Tr i ton ;  questo de- 
t e r m i n a  un  a u m e n t o  de l l ' a t t iv i th ,  m a  in misura  percen- 
t u a l m e n t e  minore  che  nel  normate .  In  p resenza  di Triton, 
t ' a t t i v i t~  ca t ep t i ca  de t t ' omogena to  di  fega to  grasso g 
superiore  a quel la  del l ega to  normale .  L ' a u m e n t o  dell'at- 
t ivitA enz ima t i ca  non  ~ qu ind i  i n t e r a m e n t e  attribuibiie 
alia lesione deIle par t icel le  che con tengono  l 'enzima.  
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