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Phosphol ipid  Alterations in Liver and Serum of  

Rabbits Treated with Diphtheria Toxin  

I n  p rev ious  r e sea rch  I we found  a t r ig lyce r ide  increase  
in t h e  l iver  a n d  a %riglyceride decrease  in  t h e  s e r u m  of 
r a b b i t s  t r e a t e d  w i t h  d i p h t h e r i a  tox in .  To f ind  o u t  w h a t  
leads  to  t he se  a l t e r a t i o n s  a f t e r  t r e a t m e n t  w i t h  such  
h e p a t o t o x i c  agen t s ,  we t h o u g h t  i t  i n t e r e s t i n g  to  s t u d y  in 
l iver  a n d  s e r u m  the  b e h a v i o u r  of p h o s p h o l i p i d s  t h a t  a re  
f o u n d  in  all  b iological  m e m b r a n e s  a n d  are c o m p o n e n t s  
w i t h  t r ig lycer ides  of s e r u m  l ipopro te ins ,  w h i c h  are  
p o u r e d  f rom t h e  l iver  i n to  t he  blood.  

F r o m  t h e  l i t e r a t u r e  i t  a p p e a r s  t h a t  d i p h t h e r i a  t o x i n  
ac t s  b o t h  on  t h e  s t r u c t u r e  a n d  syn thes i s  of p ro te ins .  
MONTANARO a n d  SPERTI 2 d e m o n s t r a t e d  t h a t  d i p h t h e r i a  
t o x i n  is c a p a b l e  of b i n d i n g  t he  s t r u c t u r a l  p r o t e i n  of 
G r e e n :  t h i s  p r o t e i n  pa r t i c ipa t e s ,  t o g e t h e r  w i t h  cyto-  
c h r o m e  c a n d  p h o s p h o l i p i d  3, to  bu i ld  t h e  subce l lu l a r  
s t r u c t u r e ;  KATO a n d  PAPPENHEIMER 4'5 d e m o n s t r a t e d  
t h a t  d i p h t h e r i a  t o x i n  ac t s  on  t he  s y n t h e s i s  of c y t o c h r o m e  
c. L i p o p r o t e i n s  a n d  p r o t e i n  s y n t h e s i s  are r e p o r t e d  to  be  
decreased  in f a t t y  l ive r  due  to  m a n y  h e p a t o t o x i c  a g e n t s  
such  as CC14, yel low P,  a n d  ethionineS-~3. 

W e  t h e n  t h o u g h t  t h a t  t he  b e h a v i o u r  of phospho l ip ids ,  
c o m p o n e n t s  of t he  l ipopro te ins ,  m i g h t  be  a new fac to r  for  
u n d e r s t a n d i n g  t he  m e c h a n i s m  of d i p h t h e r i a  t o x i n  in ju ry .  

Materials and methods. R a b b i t s  we igh ing  a b o u t  2.5 kg  
were  i n j ec t ed  i .p.  w i t h  d i p h t h e r i a  t o x i n  a t  a dosage  of 
1 d . m . m . / 2 5 0  g b o d y  we igh t  for 15 h, as a l r e a d y  de-  
sc r ibed  in  a c o m p a n i o n  p a p e r L  P h o s p h o l i p i d  e x t r a c t i o n  
f rom the  s e r u m  was ca r r ied  o u t  b y  add ing .3  ml  of s e r u m  
d rop  b y  d r o p  a n d  m i x i n g  w i t h  45 ml  CHCI3/CH3OH 1 : 1 
(v /v ) ;  t he  m i x t u r e  was k e p t  a t  r o o m  t e m p e r a t u r e  for  
a b o u t  15 ra in  w i t h  occas ional  mix ing ,  f i l tered,  a n d  t h e  
res idue  r e e x t r a c t e d  twice  w i t h  CHC13/CIt~OH 2:1  (v/v)  
in  P o t t e r - E l v e n h j e m  h o m o g e n i z e r  for  2 min .  T h e  pooled  
e x t r a c t s  were  w a s h e d  b y  t h e  m e t h o d  of FOLCH e t  al. x4. 
F u r t h e r  e x t r a c t i o n  on  t h e  res idue  done  w i t h  more  po la r  
so lven t s  d id  n o t  show a n y  m e a s u r a b l e  a m o u n t  of P. T h e  
res idue  was t h e n  dr ied  in a f lask  e v a p o r a t o r  a n d  redis-  
so lved  in CHC13/CH3OH 2 :1  (v/v) .  T h e  e x t r a c t i o n  of 
l iver  p h o s p h o l i p i d s  was  m a d e  as a l r e a d y  desc r ibedL  
Q u a n t i t a t i v e  ana lys i s  of p h o s p h o l i p i d s  was done  as re- 
p o r t e d  in  a p rev ious  p a p e r  ~5. T he  p h o s p h o l i p i d  a m o u n t  
was  d e t e r m i n e d  b y  e s t i m a t i n g  t h e  phos pho l i p i d i c  phos -  
p h o r u s  acco rd ing  to  t h e  m e t h o d  of ellEN, TORIBARA, a n d  
WARNER ~e. A f ac to r  of 25 was used  to  c o n v e r t  t h e  inor-  
gan ic  p h o s p h o r u s  to  phospho l ip ids .  T h e  n i t r o g e n  was  
e s t i m a t e d  b y  t h e  m e t h o d  of m i c r o k j e l d a h l ;  t h e  r e a g e n t  
b e i n g  t h e  p r o d u c t  A n a l a r  B D H .  

Results and discussion. T he  d a t a  r e p o r t e d  in  t he  T a b l e  
show t h a t  t r e a t m e n t  w i t h  d i p h t h e r i a  t o x i n  causes  a 
decrease  of P c o n t e n t  in  t he  s e r u m  (94.05 4- 15.60 /~g 
P / m l  of n o r m a l  r a b b i t  se rum,  68.89 4- 10.09 # g  P a f t e r  
t r e a t m e n t ,  t = 2.87 for  10 expe r imen t s ) .  T h e  P decrease  
in t he  s e r u m  is in  g r e a t  p a r t  exp l icab le  b y  q u a n t i t a t i v e  
a l t e r a t i o n s  of p h o s p h o l i p i d s  (42.06 =k 6.02 #g  p h o s p h o -  
l i p id i c -P /ml  n o r m a l  serum,  25.12 -t- 12.20 # g / m l  s e r u m  
a f t e r  t r e a t m e n t ) .  

Of t h e  phospho l ip id ,  t he  f r ac t ion  w h i c h  m a i n l y  de-  
creases is lec i th in ,  t h e n  follows p h o s p h a t i d i l e t h a n o l a m i n e  
(see Table) .  As for  hepa t i c  phosphol ip ids ,  t h e r e  is a n  in-  
crease,  t h o u g h  n o t  s igni f icant ,  of p h o s p h o l i p i d s  in  r a b b i t s  
t r e a t e d  w i t h  d i p h t h e r i a  t o x i n  in c o m p a r i s o n  w i t h  n o r m a l  
ones :  1302 q- 150 Mg p h o s p h o l i p i d i c - P / g  of we t  l iver  in  
n o r m a l  r abb i t s ,  a n d  1485 + 91 #g  in t r e a t e d  r abb i t s .  

P h o s p h o l i p i d  a n d  t r ig lycer ide  b e h a v i o u r ,  t h a t  is t h e  
decrease  of p h o s p h o l i p i d s  a n d  t r ig lycer ides  in  t h e  s e r u m  
of a n i m a l s  t r e a t e d  w i t h  d i p h t h e r i a  t o x i n  a n d  t r ig ly-  
cer ide a c c u m u l a t i o n  in  t h e  l iver,  could  be  i n t e r p r e t e d  

e i t h e r  as a dec reased  l ip id  syn thes i s  (bu t  t h i s  wou ld  n o t  
exp la in  t h e  t r ig lyce r ide  a c c u m u l a t i o n  in t h e  l iver)  or  as a 
dec reased  m o b i l i z a t i o n  in t he  f o r m  of l ipopro te ins .  I n  
f ac t  i t  is k n o w n  t h a t  p l a s m a  l ipids  are a l m o s t  t o t a l l y  in  
t h e  fo rm of l i popro te ins  17. T h e  l a t t e r  h y p o t h e s i s  m i g h t  
d e p e n d  e i t h e r  on  a decrease  in  t h e  p ro te ic  m e d i u m  b y  
i m p a i r e d  syn thes i s ,  or  a d i s a r r a n g e m e n t  of t h e  s y s t e m  
w h i c h  c o m b i n e s  p r o t e i n s  a n d  l ip ids  to  fo rm l ipopro te ins .  
B u t  to  d e m o n s t r a t e  u n e q u i v o c a l l y  w h i c h  of these  m e c h a -  
n i sms  is r e spons ib l e  for  t h e  l iver  d a m a g e  p r o d u c e d  b y  
d i p h t h e r i a  tox in ,  f u r t h e r  e x p e r i m e n t s  a re  needed ,  even  if 
we are  inc l ined  to  accep t  t he  l a t t e r  h y p o t h e s i s  f r o m  the  
d a t a  in  our  h a n d s  is. 

Serum phospholipids of starved rabbits treated with diphtheria 
toxin for 15 h 

Fractions Treatment mg phospholipids 

%ml serum 

Lisolecithin Control rabbits 12.668 + 0.559 
Rabbits treated with 8.655 -t- 0.624 
diphtheria toxin 0.01 < P < 0.02 

Sphingomyclin Control rabbits 12.387 :k 0.437 
Rabbits treated with 9.690 4- 0.381 
diphtheria toxin 0.01 < P < 0.02 

Lecithin Control rabbits 72.600 4- 1.373 
Rabbits treated with 40.431 :h 0.707 
diphtheria toxin P < 0.01 

Phosphatidil- Control rabbits 7.431 -4- 0.534 
ethanolamine Rabbits treated with 3.956 -4- 0.186 

diphtheria toxin P < 0.01 

The averages are calculated from the data of 10 experiments. 

Riassunto. I fosfol ipidi  del  siero di conigl i  a digiuno,  
t r a t t a t i  con  to s s ina  d i f t e r i ca  pe r  15 ore, d i m i n u i s c o n o :  
q u e s t a  d i m i n u z i o n e  ~ a car ico s o r p a t t u t t o  del la  f raz ione  
leci t inica .  Le cause  di  ques to  c o m p o r t a m e n t o  sono b reve -  
m e n t e  discusse.  
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