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Activation of Fatty Acids 
in the Liver in C a r b o n  T e t r a c h l o r l d e  Poisonin~ 

R e c e n t s  expe r imen t s  x, ~ h a v e  cas t  d o u b t  upon  the  h y p o -  
thesis  t h a t  the  increase in l iver  fat,  which  follows the  oral 
a d m i n i s t r a t i o n  of CC14, is the  resul t  of a lesion in  t he  mi to-  
chondr ia .  

P rev ious  work  in th i s  l abo ra to ry  3 has  s h o w n  a decrease  
of f a t t y  acid  ac t iva t ion  in r a t  l iver  dur ing  t h e  la te r  s tages  
of  c a r b o n  t e t r ach lo r ide  in toxica t ion .  The  p re sen t  resul ts  
seem to  p rov ide  fu r the r  ins ight  in to  t he  m e c h a n i s m s  
u n d e r l y i n g  CCI~ h e p a t o t o x i c i t y  in t h e  ini t ial  s tages.  

Methods. Male ra t s  weighing 180-200 g were  used.  A l l  
food was  w i t h d r a w n  12 h before  CC14 feeding. Carbon 
t e t r ach lo r ide  in a 1 : I  m i x t u r e  w i t h  olive oil was  in t ro-  
duced  in to  t h e  s t o m a c h  by  i n t u b a t i o n  a t  a dose  of 0.5 ml  
of t h e  mix ture /100  g of b o d y  weight .  The  an imals  were  
killed b y  cervical  sec t ion  and  exsangu ina t ed  a f t e r  3, 4, 5, 
7 h. The l iver was  homogen ized  wi th  a te f lon  homogen ize r  
of t he  P o t t e r - E l v e h j e m  t y p e  a t  0°C in 0.25 M sucrose 
solut ion con ta in ing  0.03 M MgClz. 

The  ac t i va t i on  of pa lm[t ic  acid was  t e s t ed  b y  the  hydro -  
x a m i c  acid  m e t h o d  *-s w i t h o u t  add ing  CoA, in o rde r  to  
eva lua t e  m a i n l y  t h e  ini t ia l  s t ep  (pa lmi ty l -AMP) of acti-  
v a t i o n  ~, L 

Tota l  l iver fa t  was e x a mined  b y  ex t r ac t i on  in a Soxhle t  
a p p a r a t u s  for 24 h w i th  a lcohol -e ther  m ix tu r e  (3 : 1). 

The  effect  of CC14 in vitro was e s t ima ted  as follows. F o r  
t he  ac t iva t ion  of palm[t ic  acid, t he  l iver f rom no rma l  ra t s  
was  homogen ized  in one  vo lume  of 0.25 M cold sucrose 
a n d  d i lu ted  to  a p p r o p r i a t e  vo lumes  in  0.25 M sucrose 

l eng th  of cha in  of t he  f a t t y  acid:  i t  ha s  a m a x i m a l  level 
for  8 C a n d  is a b o u t  zero for 16 C. This  fac t  has  been  
conf i rmed  in our  labora tor ies  4, s. 
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Influence of CCl  4 i n  v i t r o  o n  the activation of palmit ic and butyr ic  
acids. Conditions: see tex t  and notes of the Table. 

a = butyric acid ~tM 10. b = butyric acid ~M 10 and CC14 ~M 1.0. 
c = palmitic acid b~M 2. d = palmitic acid lxM 2 and CCI 4 btM 1.1. 

No. 
of rats 

h post 
CC14 

Controls 6 -- 

CC1, fed 6 3 
Controls 4 -- 

CCI 4 fed 4 4 
Controls 5 -- 

CC14 fed 5 5 
Controls 7 -- 

CCI~ fed 7 7 

Activation of palmitie 

Liver fat mg/100 mg 
dry weight 

19.8 :t: 3.9 
23.8 :t: 2.2 
20.8 ~ 2.5 
25.6 ± 2.5 
19.4 :t: 2.9 
27.7 :t: 1.7 
19.1 .-h 2.0 
28.0 4- 1.5 

2.0 

2.4 

5.1 

8.9 

Significance 

P < 0.05 

P < 0.05 

P < 0.01 

P < 0.01 

Hydroxamic acid 
[zMlmg N 

1.03 =h 0.01 
1.06 J= 0.05 
1,04 -G 0.06 
0,96 4- 0.07 
1,04 -1- 0.09 
0.85 -4- 0.09 
1.10 -b 0.1 
0.84 i 0.1 

T Significance 

0.4 0.6 < P < 0.7 

1.6 0.1 < P < 0.2 

3.3 P < 0.01 

3,6 P < 0.01 

acid in liver after CCI 4 feeding. Conditions. Liver homogenate corresponds to 0.5 mg of total nitrogen; 
time of incubation 40 rain; temperature 38°C; pH 7.4. Medium. 10 [zM of ATP; 30 [~M of KF; 750/zM of NH~OH'HC1 (KOH to 
pH 7.4); 2 /LM of pahnitic acid (NH4OH to pH 7.4). Blancs: without substrate and without ATP; Palmityl hydroxamic acid was 
dctcrmincd by the method of LIPMANN and TUTTLE s. 

s a t u r a t e d  or  n o t  w i t h  CC14 (100% s a t u r a t i o n  is a b o u t  
0.005 M) .  The  f inal  suspension,  co r r e spond ing  to  2 m g  of  
t o t a l  l iver  n i t rogen,  con ta ins  4,3 ~tM of CC14. 

F o r  t he  b u t y r i c  acid ac t iva t ion ,  t he  enzyme  was  ex-  
t r a c t e d  f rom a liver ace tone  powde r  wi th  10 vol of 0.0128 M 
cold K - p h o s p h a t e  buffer  p H  7,75, 6, 9 and  d i lu ted  to  appro-  
p la te  vo lumes  in the  s ame  buffer  s a t u r a t e d  or no t  w i th  CC1,. 
1 ml  of the  e x t r a c t  cor responding  to  0.9-1 mg  of t o t a l  ni- 
t rogen ,  con ta ins  4 lzM of CC14. I n  th i s  case any  fo rma t ion  
of  h y d r o x a m i c  acid r ep resen t s  on ly  t h e  initial  s t ep  of f a t t y  
acid  ac t iva t ion  (acyl-AMP),  s ince the  a m o u n t  of CoA 
ini t ia l ly  p resen t  in t h e  e x t r a c t  c a n n o t  b u t  be v e r y  low e. 

There  are m a n y  evidences  t h a t  our  e x p e r i m e n t a l  con- 
d i t ions  p e r m i t  exclus ively  the  measure  of t h e  h y d r o x a m i c  
acid  p roduced  b y  the  reac t ion  be tween  activated f a t t y  
acids  and  NH~OH. These  ev idences  are  t h e  following: 

(1) LIPMAN and  TUZ~LE s showed  t h a t  t h e  a m o u n t  of 
h y d r o x a m i c  acid formed b y  l iver  l ipase depends  on  the  
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(2) F luor ide  is k n o w n  to be a powerfu l  i n h i b i t o r  of 
lipaseS,4; for t h i s  r ea son  our  e x p e r i m e n t s  h a v e  been  car-  
r ied ou t  w i t h  f luoride 0.05 M.  

(3) Fo r  shor t  cha in  f a t t y  acids (butyr ic) ,  we h a v e  ex- 
t r a c t e d  the  enzymes  f rom a l iver  ace tone  p o w d e r  b y  phos-  
p h a t e  buffer  0.0128 M p H  7.7; i t  was  d e m o n s t r a t e d  t h a t  
f luoride comple te ly  i nh ib i t s  a n y  l ipase a c t i v i t y  in such  
cond i t ions  s. 

A p a r t  f rom the  above  evidences ,  we usua l ly  h a v e  2 con-  
t ro ls  in our  d e t e r m i n a t i o n s ,  i. e. w i t h o u t  s u b s t r a t e  a n d  
w i t h o u t  ATP ,  in  o rder  to  a sce r t a in  t h a t  h y d r o x a m i c  acid 
f o r m a t i o n  we measu re  is mere ly  due  to  p resence  of A T P .  

Results. The  force feeding of CC1, r e su l t ed  in (a) a n  in-  
crease of t o t a l  l iver  f a t  a t  3 -4  h,  acco rd ing  to  RECKNAG~L 1 
a n d  (b) a d imin i shed  a c t i v a t i o n  of pa lmi t i c  acid wh ich  
appea r s  to  be  a l m o s t  c o n t e m p o r a r y  to  t h e  f a t t y  in f i l t ra -  
t ion  and  in a n y  case is a l r e ady  s t a t i s t i ca l ly  s ign i f i can t  5 h 
a f t e r  po isoning  (Table).  

CC14 added  in vitro i n h i b i t e d  t h e  a c t i v a t i o n  of pa lmi t i c  
a n d  b u t y r i c  acid (Fig.). 

Discussio.n. The  e x p e r i m e n t a l  work  r e p o r t e d  here  sup-  
por t s  t he  v iew t h a t  t he  i m p a i r m e n t  in  t h e  ab i l i t y  to  ac t i -  
v a t e  f a t t y  acids  is a d i r ec t  r e su l t  of CCt, h e p a t o t o x i c i t y .  
F r o m  o t h e r  e x p e r i m e n t L  we h a v e  ev idence  t h a t  t he  ac t i -  
v a t i o n  t akes  place in t he  m i t o c h o n d r i a l  a n d  m i c r o s o m a l  
f rac t ions  ~0. I t  is well  k n o w n  t h a t  a n  a c t i v a t i o n  is t he  pre-  
l im ina ry  o p e r a t i o n  for  f a t t y  acid o x i d a t i o n  a n d  for syn-  
thes is  of phospho l ip id s  a n d  t r ig lycer ides  n-~a. 

The  fac t  t h a t  th i s  a c t i v a t i o n  is v e r y  precoc ious ly  im-  
pa i red  shows t h a t  a n  enzym i c  lesion h a s  se t  in j u s t  in t h e  
per iod w h e n  l iver  f a t  is rising. Th i s  lesion seems to  re- 
p r e sen t  one  of t h e  po in t s  of t h e  pa t ho l og i ca l  sequences  
cor re la ted  to t he  ea r ly  increase  in l iver  fat ,  wh ich  in te r -  
venes  long before  a n y  d e m o n s t r a b l e  m i t o c h o n d r i a l  d a m a g e  
as def ined ~,2 in t e r m s  of A T P a s e  t r a n s f o r m a t i o n ,  loss of 
p y r i d i n e - n u c l e o t i d e - d e p e n d a n t  ox ida t i ve  func t ion ,  un -  
coupl ing  of o x i d a t i v e  p h o s p h o r y l a t i o n  a n d  i m p a i r m e n t  
in t h e  ab i l i ty  to  r e a c c u m u l a t e  po t a s s ium.  

F. R o s s i  a n d  M. ZATTI 

Istituto di Patologia generale, Universith di Padova 
(Italy), M a y  23, 1960. 

Zusammen/ass  ung 

Bei C C l ( V e r g i f t u n g  zeigt  die L e b e r  eine v e r m e h r t e  Ak-  
t i v i e rung  der  Fe t t s / iu ren ,  die sich fas t  g le ichzei t ig  m i t  de r  
fe t t igen  I n f i l t r a t i o n  k u n d g i b t .  Die A b n a h m e  de r  Akt iv ie -  
r u n g  / iussert  s ich be re i t s  5 h n a c h  de r  V e r g i f t u n g  in s ta -  
t i s t i sch  s ign i f ikan te r  Weise.  Z u g a b e  v o n  CC1 a h e m m t  in 
vitro die A k t i v i e r u n g  yon  P a l m i t i n -  u n d  But te r sXure .  

The Histochemistry 
of the Dehydrogenase Systems in the Aortae of 

Rabbits with Experimental Atherosclerosis 

I n  a p rev ious  work  1 we h a v e  s tud ied  a lka l ine  a n d  acid 
phospha t a se s ,  non-specif ic  es terase  a n d  succinic  d e h y d r o -  
genase  ( the l a t t e r  e n z y m e  b y  m e a n s  of b lue  t e t r a z o l i u m  
a n d  neo te t r azo l ium)  in  t h e  ao r t ae  of a the rosc le ro t i c  r a b -  
b i t s  a n d  ra ts .  R e c e n t l y  deve loped  m e t h o d s  for  succinic  
d e h y d r o g e n a s e  2, D P N - d i a p h o r a s e  ~, T P N - d i a p h o r a s e  4, 
a n d  t h e  dehyd rogenase s  l inked  to  t i le  l a t t e r  b a s e d  on  t h e  
use  of 2,2"-di-p-nitrophenyl-5,5"-diphenyl-3,3'-(3,3"-dime- 
t h o x y - 4 , 4 ' - b i p h e n y l e n e ) - d i t e t r a z o l i u m  ch lor ide  (=  n i t ro -  
BT)  as  the  ch romogen ic  e lec t ron  accep to r  gave  t h e  possi-  
b i l i ty  of i n v e s t i g a t i n g  t h e  a b o v e - m e n t i o n e d  enzym es  also 
in  t h e  v a s c u l a r  wall .  

The  p r e sen t  c o m m u n i c a t i o n  deals  w i t h  resu l t s  of a h is to-  
Chemical  i n v e s t i g a t i o n  of succinic  dehydrogenase ,  D P N -  
d iaphorase ,  T P N - d i a p h o r a s e ,  lac t ic  dehydrogenase ,  mal ic  
dehydrogenase ,  g l u t a m i c  dehydrogenase ,  a n d  glucoso-6- 
p h o s p h a t e  d e h y d r o g e n a s e  in t h e  a o r t a e  of 9 r a b b i t s  wi th  
choles tero l  a t h e r o m a t o s i s  (p roduced  b y  a d d i t i o n  of 1 g 
choles te ro l  to  t he  da i ly  d ie t  for  4 m o n t h s )  a n d  5 con t ro l  
an imals .  Di rec t ions  g iven  b y  PEARSE 5 h a v e  b e e n  a d h e r e d  
to.  T h e  t e t r a z o l i u m  used was n i t ro  BT.  

A c t i v i t y  of t he  e n z y m e s  m e n t i o n e d  in n o r m a l  ao r t ae  
c a n  be  de t ec t ed  chief ly  in t h e  musc le  cells of m e d i a  (in 
fo rm of smal l  g r a n u t e s - m i t o c h o n d r i a )  in  dec reas ing  order  
as follows: D P N - d i a p h o r a s e ,  lact ic  a n d  mal ic  d e h y d r o -  
genases,  T P N - d i a p h o r a s e ,  succinic  d e h y d r o g e n a s e ;  t he  
a c t i v i t y  of g l u t a m i c  a n d  g lucoso -6 -phospha t e  d e h y d r o -  
genases  was negligible.  T h e  a c t i v i t y  of t h e  e n d o t h e t i u m  
a n d  cel lular  e l e m e n t s  of t h e  i n t i m a  is weaker ,  a n d  in some 
cases c a n n o t  be  d e t e c t e d  in  t h e  sec t ions  a t  all. I n  a d v e n t i -  
c ia l  f ib rocy tes  a more  p r o n o u n c e d  a c t i v i t y  cou ld  b e  ascer-  
t a ined .  

I n  r a b b i t s  w i t h  e x p e r i m e n t a l  a theroscleros is ,  e n z y m e  
ac t iv i t i e s  in  med ia  a n d  a d v e n t i c i a  h a d  m o s t l y  t h e  s ame  
local i sa t ion  a n d  i n t e n s i t y  as  in  t h e  con t ro l  samples .  

An  i n t e r e s t i n g  p a t t e r n  could  be  obse rved  in  t h e  p laques .  
D P N - d i a p h o r a s e  (Fig. b), l ac t ic  d e h y d r o g e n a s e  (Fig. c), 
mal ic  dehydrogenase ,  a n d  T P N  d i a p h o r a s e  are  here  local-  
ised in t he  m a c r o p h a g e s  ( l ipophages) ,  a n d  in t h e  f ib rocy tes  
( 'Fase rze l l en '  Benn inghof f )  in  t he  fo rm of sma l l  g ranu les  
p e n e t r a t i n g  in to  all  ce l lu lar  processes.  P r e p a r a t i o n s  s t a in -  
ed w i th  Oil Red  O showed  t h a t  t h e  loca l i sa t ion  of e n z y m e s  
ac t iv i t i e s  were no t  a h v a y s  iden t i ca l  w i t h  t he  loca l i sa t ion  
of lipids, i n  t he  s ame  e l e m e n t s  succinic  d e h y d r o g e n a s e  
(Fig. a) cou ld  be  de tec ted ,  b u t  the  c o r r e s p o n d i n g  a c t i v i t y  
was m u c h  s l ighter .  A m i n u t e  a c t i v i t y  was  s h o w n  b y  glu- 
coso -6 -phospha t e  (Fig. I) b u t  on ly  in some of t he  plaques .  
Similar ly ,  g l u t a m i c  d e h y d r o g e n a s e  a c t i v i t y  (Fig. e) w h i c h  
was  t h e  s l igh tes t  of all  t h e  e n z y m e  sys t ems  inves t iga t ed ,  
was  weak ly  pos i t ive  on ly  in some cases in t he  surface  p a r t s  
of t he  plaques .  I t  m u s t  be  e m p h a s i z e d  t h a t  t he  s t a in  in-  
t ens i t i e s  of all  t h e  e n z y m e s  s tud ied  showed  differences,  
w h i c h  were m o s t  a p p a r e n t  u p o n  c o m p a r i n g  smal l  p l aques  
w i t h  large ones. I n  t h e  smal l  p l aques  w i t h  a sma l l  n u m b e r  
of l ipophages ,  r e ac t i on  was  v e r y  in t ense  in n e a r l y  all  cel- 
lu la r  e lements .  I n  t he  large p laques ,  where  s u b s t a n t i a l  
a m o u n t s  of choles te ro l  could be  de tec ted ,  a c t i v i t y  was 
on ly  in t h e  l ipophages  a n d  f ib rocy tes  a t  t he  surface  and  
in d e p t h  close to  t h e  media .  I n  t h e  c e n t e r  of t he  p laques  
which  showed  t he  m o s t  i n t ense  r eac t i on  for choles terol ,  
e n z y m e  reac t ions  were  negl ig ible  (Fig. b).  A b o v e  t h e  smal l  
p l aques  a n d  in t h e  n e i g h b o u r h o o d  of some la rger  p laques ,  
r eac t ions  were r a t h e r  p r o n o u n c e d  also in t he  endo the l i a .  
S imi la r  r eac t ions  are also s h o w n  b y  p l aques  on  t h e  semi- 
l u n a r  va lves  (Fig. d). 

The  r epo r t ed  f ind ings  of h igh  a c t i v i t y  of t h e  dehydro -  
genase  sy s t ems  in t h e  smal l  p l aques  p resen t ,  as  well  as 
t he  p rev ious ly  r e p o r t e d  ac t iv i t i e s  of a lka l i ne  a n d  acid 
p h o s p h a t a s e s ,  a n d  non-speci f ic  es terase ,  f u r t h e r  ev idence  

Further work on the dehydrogenase systems in plaques in rabbit, 
rats, and humans is in progress and will be reported in detail 
elsewhere. 
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