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There were no appreciable differences between the degrees of fa t ty  infiltration noted in the 
livers of the different groups. The a m o u n t  of hepat ic  ceroid found in the ra ts  fed the fat-free diet 
for 55-75 days was graded as a trace, for lO5-126 days, as 2. In  the groups fed beef tallow or either 
one of the hydrogenated  cottonseed oils, the average grading was only a trace at  bo th  t imes;  in 
those receiving cocoa butter ,  L In  the ones given cottonseed oil or the corn oil-cod liver oil mixture,  
the values were 2 after  55-75 days and 3 after lO5-126 days. 

These observat ions  indicate that ,  in the presence of o.oi % added a-tocopherol,  the degree of 
unsa tu ra t ion  of the fat in the diet does influence ceroid formation in the livers of choline-deficient 
rats.  Tha t  the fat-free diet had little effect upon the degree of unsa tu ra t ion  of hepatic or tissue 
fats is suggested by  the appreciable am oun t  of ceroid ul t imately formed when this diet was fed. 
This  is in agreement  with the observat ions of NUNN AND MACLEAN 8 and KUMMEROW, PAN AND 
HICKMAN 3. 

In  this series of experiments ,  abnormal  accumulat ion of lipids in the ra ts '  livers was achieved 
by  feeding hypol ipotropic  diets. Variat ion in the degree of unsa tu ra t ion  of these lipids was effected 
by  feeding fats of different iodine numbers .  A relative deficiency of ant ioxidants  existed because of 
the small a m o u n t  of a- tocopherol  in the diet. The results indicate the impor tance  of unsa tu ra ted  
lipids in the formation of hepat ic  ceroid and favour  the suggestion 3 tha t  this p igment  is formed 
from unsa tu ra ted  lipids by  autoxidat ion.  Studies concerning tile effects of various ant ioxidants  upon 
this process are described in the second repor t  of this series 10. 
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Since it was first named by LILLIE and his co-workers 1, ceroid has been associated with an 
insufficiency of dietary choline. Now, tha t  it is generally considered identical with the lipid p igment  
appearing in v i tamin-E deficiency, ceroid may  also be associated with a deficiency of ant ioxidants  
in the diet. Indeed, increasing the" a m o u n t  of a-tocopherol  fed to choline-deficient rats  reduces the 
a m o u n t  of this p igment  formed in their  livers 3,3 This is in keeping wi th  the suggestion tha t  ceroid 
consists of the autoxidat ion produc ts  of pathologically accumulated,  unsa tura ted  fats4, 5. Recent 
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repor ts  from DAM'S laboratory6,V,S,9,1°, n have  descr ibed the  v i t amin-E- l ike  ac t iv i ty  of va r ious  com-  
pounds ,  especial ly m e t h y l e n e  blue, in rats .  This  p re l imina ry  repor t  concerns  t he  s imilar  inh ib i to ry  
effects of a - tocopherol  and  met l ly lene  blue upon  the  format ion  of ceroid in the  l ivers of chol ine-  
deficieut ra ts .  

Hypol ipo t rop ic  diets  were given to 3 s imilar  g roups  of 8 male  ra t s  of the  Wis t a r  s t ra in ,  we igh ing  
18o-2oo g. One group was  fed ad Iibi/um t he  basa l  m i x t u r e*  also lacking v i t a m i n  E. The  o ther  2 were 
group-pa i r - fed  aga ins t  the  first and  received the  basa l  m i x t u r e  s u p p l e m e n t e d  wi th  o.o5 % a- toco-  
pherol  ace ta te  or o.I °/o m e t h y l e n e  blue. To reduce  the  incidence of fa ta l  rena l  lesions, t he  diets  were 
s u p p l e m e n t e d  wi th  o.o2 % choline chloride for the  first 18 days  and  wi th  o.oi  % for the  n e x t  14 days  
b u t  no t  a n y  thereaf ter .  The  ind iv idua l  dai ly  food c o n s u m p t i o n s  were de te rmined .  Pai r - feedings  were 
calcula ted and  the  an ima l s  weighed twice weekly.  The  ra t s  were sacrificed a t  r a n d o m  be tween  t he  
52nd and  62nd days .  Por t ions  f rom 4 regions of each of the i r  l ivers were fixed in B o u i n ' s  fluid and  
graded for t he  ceroid demons t r ab l e  in paraff in sect ions by  colorat ion wi th  Oil Red  O. 

None of the  r a t s  grew normal ly .  Those  receiving the  basa l  diet  gained an  ave rage  of 3 ° g (16 %) 
by  the  28th  day  b u t  lost  it  by  the  6oth.  Those  fed the  a - tocophe ro l - supp lemen ted  diet  showed no 
appreciable  ga in  and  lost  some  5 g (3 %) by  t he  58th  day.  The  r a t s  fed the  diet  wi th  m e t h y l e n e  b lue  
lost weight ,  an  average  of 14 g (8 %) by  the  58th  day.  There  were no differences be tween  t he  g roups  
insofar  as the  degree of f a t t y  inf i l t ra t ion no ted  in thei r  livers was concerned.  The  ave rage  degree 
of ceroid fo rmat ion  for those  on the  basa l  diet  was 3, for those  on the  a - t ocophe ro l - supp l emen ted  one, 
2, and  on t he  m e t h y l e n e  b lue - supp lemen ted  diet,  1. 

These  resu l t s  indicate  t h a t  the  add i t ion  of a - tocopherol  or m e t h y l e n e  blue to a hypol ipo t rop ic  
v i t amin-E-def ic ien t  diet  fed to r a t s  decreases  the  a m o u n t  of hepat ic  ceroid fo rmed  wi th in  52-62 days .  
This  observat ion ,  c o m p l e m e n t i n g  those  given in the  preceding paper  of th i s  series s, f u r the r  s u p p o r t s  
the  thes is  t h a t  ceroid is fo rmed f rom t issue lipids which  h a v e  a c c u m u l a t e d  in a b n o r m a l  a m o u n t s  
unde r  condi t ions  f avour ing  au t ox i da t i on  4. 

These  expe r imen t s  ex t end  the  s imi la r i ty  be tween  a- tocophero l  and  m e t h y l e n e  b lue  repor ted  
by  the  Copenhagen  inves t iga to r s  to include inh ib i t ing  the  depos i t ion  of ceroid in t he  l ivers  of choline-  
deficient ra ts .  The  inequa l i ty  in thei r  effects in these  e x p e r i m e n t s  m a y  be a t t r i bu t ab l e  to equ imo la r  
a m o u n t s  no t  being used,  Not  only  depress ion  of g rowth  b u t  ac tua l  weight  loss was  seen in t he  choline-  
deficient ra ts .  DAM AND GRANADOS n expla ined g rowt h  depress ion in r a t s  fed diets  no t  deficient  in 
choline on the  basis  of the  dye  no t  a lways  s u b s t i t u t i n g  direct ly  for v i t a m i n  E.  P e r h a p s  concu r r en t  
choline deficiency accen t ua t e s  th is  difference. 
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* The  basa l  diet  con ta ined  : ex t r ac ted  p e a n u t  meal ,  6 % ; a lpha  soya  protein,  6 % ; cyst ine,  o.15 % ; 
celluflour, 2 % ; beef  tal low, 15 % ; corn oil, 5 % ; sal t  m i x t u r e  12, 3 % ; v i t a m i n  m i x t u r e  1~, i % ; sucrose,  
61.73-61.75 % ; chol ine chloride (see text )  o.o2, o .o i ,  or o.oo % ; cod liver oil concen t ra te  (2o0,o00 I .U.  
v i t a m i n  A and  50,o0o I .U.  v i t a m i n  D per  g) O.Ol 5 %. I n  the  s u p p l e m e n t e d  diets  o.I % m e t h y l e n e  blue 
or o.o5 % a- tocophero l  ace ta te  replaced the  appropr ia t e  a m o u n t  of sucrose.  


