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Intracellular distribution of vitamin E and vitamin A in chicken liver 

Since tocopherol  has  been found  to  be an ac t iva to r  or  cofactor  in the  reduct ion  of cy toch rome  c 
by  D P N H  1 and  m a y  also be impl ica ted  in ox ida t ive  phosphory la t ion ,  it  seemed of in teres t  to 
e x a m i n e  t he  in t racel lu lar  d i s t r ibu t ion  of th is  v i t ami n  in liver, and ,  in par t icular ,  its concen t ra t ion  
in t he  mi tochondr ia .  Inves t iga t ions  of the  v i t ami n  K con t en t  have  a l ready  been m a d e  in this  
l abora tory  2, and  o ther  workers  3 have  inves t iga ted  the  d i s t r ibu t ion  of tocopherol  in hea r t  muscle  
p repara t ions .  In  t he  p resen t  s t u d y  v i t ami n  A de t e rmina t ions  were also carried out .  

22 newly  ha t ched  chicks were reared on a " n o r m a l "  ra t ion 4 for 6 days  and  then  divided 
in to  two groups .  Group  i 692, cons is t ing  of 12 chicks, received for 39 days  a 20 % casein, " fa t - f ree"  
diet  (No. 3 in Table  I of ref.5). Group  1694, consis t ing  of io chicks, received a cor responding  
15 % casein,  " fa t - f ree"  diet  for 42 days .  The  diets  were s u p p l e m e n t e d  wi th  ioo m g  d, l -a- tocopherol  
ace ta te  ("Ephynal", Roche) per  kg. 

T A B L E  I 

AMOUNT OF N I T R O G E N ,  ~t-TOCOPHEROL AND VITAMIN A IN F R A C T I O N S  OF 

IOO g F R E S H  CHICKEN LIVER 

Crfoup No. 16921 2694*. 

% ~ i n  in the di~ ao "5 

Liver/raeAion "N . . . .  M . . . .  P + S"  To t~  " N "  "M . . . .  P + S" To!.al 

g iX!/ioo g fresh liver 
1~ con t en t  as % of to ta l  N 

0.85 0.37 1.15 2.37 0.84 0.23 1.2o 2.27 
36 16 48 ioo 37 io 53 IOO 

/~g a- tocopherol /zoo g liver 415 343 792 
a- tocopherol  as % of to ta l  tocopherol  27 22 51 
/~g a- tocopherol /g  N 490 93 ° 690 
/~moles a - tocopherol /g  h" I. 14 2.16 1.60 

155o 446 283 I14O I869 
xoo 24 15 6I lOO 

53 ° 123o 95 ° 
1.23 2.86 2.20 

/*g v i t a m i n  A/xoo g l iver 480 167 I65O 2297 
v i t amin  A as % of to ta l  v i t ami n  A 21 7 72 lOO 
/~g v i t amin  A/g N 564 45o 144o 
/*moles v i t amin  A/g N 1.97 1.57 5-03 

* IO7.2 g liver f rom I2 chicks  were used for the  p repara t ion  of the  fract ions.  
74.5 g liver f rom io  chicks were used for the  p repara t ion  of the  fract ions.  

The  an ima l s  were killed b y  decapi ta t ion .  The  livers were removed,  weighed  immed ia t e ly  and  
homogen ized  in 9 vol. o . 2 5 M  sucrose us ing  a Teflon homogenizer .  The  f rac t iona t ion  was  carried 
ou t  as descr ibed by  SCHNEIDER AND HOGEBOOM 6, excep t  t h a t  af ter  separa t ion  of t he  mi tochondr i a  
the  r ema in ing  s u p e r n a t a n t  (conta in ing  the  submicroscopic  par t ic les  (P) a n d  the  soluble f rac t ion 
(S)) was  no t  f rac t ionated .  The  three  f r a c t i o n s - - n u c l e i  (N), m i tochondr i a  (M), and  s u p e r n a t a n t  
(P + S ) - - w e r e  freeze-dried in a Stokes  "Freeze-dryer  a p p a r a t u s  t ype  lO 3 - L P M " .  

The  tocopherol  c o n t e n t  of  t he  f rac t ions  was  de te rmined  in the  following way :  Weighed  
a m o u n t s  of the  f ract ions were saponified by  hea t ing  unde r  r e f l u x - - i n  an  a t m o s p h e r e  of n i t rogen  
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and using pyrogal lo l  us a n t i o x i d a n t  with KOI t  dis.solved in aqueous  methanol .  The unsap-u i -  
fiable m a t t e r  was e x t r a c t e d  with ether,  and af ter  evapora t ion  of the ether ,  the residue was dis- 
solved in 1)enzene, anti  an a l iquo t  of the s(dution passed th rough  a co lumn ,~t a c t i va t ed  Fi l l rol-  
eal'th 7. "['he lR~nzelle vta.'~ evapo ra t ed  0.n(l t}le l 'esidHe d i s s o l v e d  ill a b s o h l t e  et .hallol  and  an  al i¢tuot  
c h r o m a t o g r a p h e d  on paper  bv a nmdif icat ion of the me t lmd  of (;REEX, MARCINKIEWICS AND \VA'r'r ~ 
t l s ing  1)enzene ms d e v e l o p i n g  st i lVeil t  9. All t he  c h r o m a t o g r a . n l s  s h o w e d  o n l y  i)i1c spo t ,  h l iv i l lg  a l l  
IQ,- wHue an(l o ther  proper t ies  ident ica l  wi th  those of (t-tocophcrol. In a few cases a l iquo t s  of 
the benzene solut ions  of the unsaponif ialf le  m a t t e r  (belt)re the l : i l t ro l - t rea tment )  were evaptwated  
and the  residues dissolved in d ioxan  and refluxed with Sn('l 2 dissolved in omc.  I1(.'I in order  
to reduce any  oxidized toc,,t~her(,I. After  this  l r e a t m e n t  n,~ signif icant  increase in tocopherol  
con ten t  was deter:ted. 

V i t amin  .\ was de te r in ined  on a l iquo t s  of the benzene solut ions  (before t " i l t ro l - t rea tment )  
using the method  of HJARIIE TM. 

Ni t rogen was de t e rmined  on the freeze-dried fract ions by the me thod  of l )u lnas  u .  
The results  are presented  in Table  I, which shows the in t race l lu la r  d i s t r ibu t ion  of v i t amin  1.;, 

in the l ivers of chicks  reared t m  both levels of casein, 7)iz. 2 0 %  and r5°i, .  On a n i t rogen  lmsis 
"3 00 anti -o % respect ive ly ,  of the v i t a m in  E was associa ted  with the nuclear  (N) fraction, .14 % 
and 45 % with the ,n i toe tmndr ia  (M), and  33% anti 35 % with t h e s u p e r n a t a n t  (1 ~ !- S) fraction. 
Thus,  a considerable  pa r t  of the tocopherol  present  is associa ted with tim mi tochondr ia ,  a l t hough  
the o ther  f ract ions also conta in  some. The levels of casein in the diet  did not seem to influence 
the in t race l lu la r  d i s t r ibu t ion  or r e l a t i ve  concen t ra t ions  of v i t ami n  E. 

In hear t  mi tochondr i a l  f ragments ,  I~ou.',txx AND .~I.ATER 3 have  found I.I ttmoles tocot)herol 
/g prote in  or t , . 0 /mmles /g  N (assuming 6.25 g p ro te in /g  N). a va lue  ab(mt  three tiInes the a m o u n t  
found by us in chicken l iver  mi tochondr ia .  

The la rges t  a m m m t  of v i t a m i n  A was found in the s u p e r n a t a n t  (P ~- S) fraction.  ()n a 
n i t rogen basis, 23% was in tim nuclear  f ract ion (N), 18° ,  in the nai tochondria  (M), and  59%  
in the s u p e r n a t a n t  fract ion (I '  ~- S). These res01ts for v i t amin  .\ are in accordance  wi th  those 
of POWELL AND KRAt::51.. "12, xvh() showed t h a t  v i t amin  A in the l ivers from normal  ra ts  was ma in ly  
assoc ia ted  wi th  fract ion " I '  ; S" ('ciz. 6.t .5% ) . .\ s imi lar  expe r imen t  has been repor ted I)y 
('()LLINS 13. *.vho demons t r a t e d  tha t  the soluble fraction c ,mta ined  76 ",, of the v i t amin  .\ present  
in ra t  liver. 

It is of in te res t  to compare  the d i s t r i bu t ion  of v i t a m i n s  .\ and E in chicken l iver  wi th  t h a t  
of a n o t h e r  f a t - s o l u b l e  v i t a m i n .  GREEN, SONDERGAARD AND DAM 2 h a v e  found  a r e l a t i v e l y  h i g h  
concen t ra t ion  of v i t amin  K in the mi t ,mhondr ia l  f rac t ion from beef l iver  (o.38 t~mole v i t ami n  K 
/g N). This  observa t ion  has been c tmti rmed in chicken e xpe r i men t s  by .MARTIIrS It. 
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