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Abstract 
Trace amounts  of d ie tary  selenium, which pre- 

vent certain vi tamin E deficiency symptoms, have 
been found to affect the composition of chick tis- 
sues. Both selenium and v i tamin  E increased liver 
coenzyme A levels to normal  when cystine was 
omitted f rom the diet. Liver  and plasma total  
f a t ty  acids were unal tered by  selenium but  vita- 
min E increased the arachidonie acid content 
slightly. There was no effect of either selenium or 
vi tamin E on total lipid, cholesterol, phopholipid 
or eoenzyme Q in liver. Low dietary levels of 
either selenium or v i tamin E, which were in- 
sufficient in prevent ing deficiency symptoms, com- 
pletely eliminated mor ta l i ty  f rom toxic amounts 
of a die tary  antioxidant.  The abili ty of d ie tary  
selenium to reduce in vitro l ipid peroxidation in 
chick liver homogenates was not demonstrable 
with rat  liver. 

Introduction 

I T HAS B E E N  s i x  years since the discovery that  trace 
amounts of selenium in the diet would completely 

prevent  certain classic v i tamin E deficiency symptoms 
in animals (1,2). The relationship between vi tamin E 
and selenium is one of the most improbable observa- 
tions that  experimental  nut r i t ion  has tu rned  up. We 
are faced w i th  the interest ing possibility that  an ele- 
ment  hi therto considered only as highly toxic may  
now be an essential t race element for some species. 

Despite considerable work by numerous investiga- 
tors on the metabolism of trace amounts of selenium, 
we do not ye t  have a definite unders tanding  of how 
this element and vi tamin E merge in the metabolic 
scheme. The evidence to date suggests that  they pro- 
duce their  effects by a similar mechanism which re- 
sults in the maintenance of normal  cell structures.  
Such a statement,  however, tells us nothing of the 
specific chemistry involved. 

I t  should be emphasized that  selenium will not pre- 
vent all aspects of v i tamin E deficiency in animals. 
An example of this is seen in the chicken where three 
distinct syndromes develop in vi tamin E deficiency 
(Table I ) .  The lesion in the cerebellum which pro- 
duces eneephalomalaeia is prevented by vi tamin E 
and a var ie ty  of other ant ioxidants  when present in 
the diet at  relatively low levels (0:015%). Selenium 
has no effect on this syndrome. The condition of exu- 
dative diathesis is prevented by  either v i tamin E or 
selenium. Antioxidants  are largely ineffective, but  
more will be said on this later. In  the muscle dys- 
t rophy  of chicks, only v i tamin  E and eystine are 
completely effective while selenium may  reduce the 
severity but  not the incidence. Certain die tary  antioxi- 
dants will prevent  the condition. This paper  gives 
the results of experiments  in which the effects of 
dietary selenium or v i tamin  E on a var ie ty  of bio- 
chemical components of tissues have been determined 
in an a t t e m p t  to elucidate the metabolic relationship 
between these substances. 

Experimental 
In  all chick studies, day-old male birds of the Arbor  

Acre s t rain were placed on purified diets deficient in 

1 P r e s e n t e d  at the A O C S  m e e t i n g  in Toronto,  Canada,  1962. 
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both v i tamin E and biologically active selenium. The 
protein sources were either Lake States Corp. Torula  
Yeast or Archer  Daniel-Midland 's  isolated soybean 
protein C-1. St r ipped lard f rom which the bulk of 
the tocopherols are removed by  molecular distillation 
by Distillation Products  Indust r ies  was the fa t  source, 
except where noted, and all diets contained 6% of a 
salt mixture,  all vitamins except E, and glucose. 
Weanl ing  male rats  of the Hol tzman  strain were fed 
a similar deficient diet containing isolated soybean 
protein. Selenium was added to diets as sodium 
selenite and vi tamin E was added as dl,a-toeopheryl 
acetate. 

Thiobarbi tur ic  acid values were determined as de- 
scribed by Bieri and Anderson (3). Lipid extracts  of 
liver were made with chloroform-methanol according 
to Folch et al. (4),  while plasma was extracted with 
ethanol-diethyl ether (3:1) .  Total lipid in liver was 
determined gravimetr ieal ly  and tha t  in plasma by the 
procedure of Bragdon (5). Phospholipid (6) and 
total cholesterol (7) were also determined on the lipid 
extracts. Ubiquinone (8) and a-tocopherol (9) were 
deternfined on fresh tissue. Coenzyme A was assayed 
by the procedure of Novelli (10). 

MethyI esters of f a t t y  acids were p repared  by 
methylat ion of aliquots of the total  l ipid extracts, 
a f te r  evaporation, using BFa as catalyst  according to 
Metealf  and Schmitz (11). The methyla ted  mixture,  
a f te r  extraction into hexane, was t reated with acti- 
vated a lumina to remove cholesterol and other un- 
saponifiable mater ia l  by  a procedure developed by  
J F. Mead (personal emnmunication).  Recoveries 
showed that  about  10% of the methyl  esters were re- 
tained by the alumina but  there was no preferent ia l  
loss of sa tura ted  or unsa tura ted  f a t t y  acids. 

Gas-liquid chromatography  was per formed with a 
Barber-Colman Model 15 ins t rument  with a rad ium 
foil, argon ionization detector. Columns 6 f t  x 4 mm 
internal  diameter  were packed with 15% ethylene 
glycol succinate on Chromosorb W, 80-100 mesh. 
Tempera tures  were: column, 180C; detector, 205C; 
flash heater,  240C. In le t  pressure was 20-25 psi and 
the relative gain was 10 or 30. 

Results and Discussion 
The first evidence bearing on a possible funct ion of 

selenium came f rom the observations (12,13) that  tis- 
sues f rom chicks fed trace amounts of selenium have 
an antioxidant-like p roper ty  not very different f rom 
tha t  seen in tissues of chicks given vi tamin E. When 
tissues f rom vi tamin  E-depleted chicks are homoge- 
nized and subsequently incubated in air, the tissue 
polyunsa tura ted  f a t t y  acids undergo a non-enzymatic 
oxidation. The feeding of v i tamin  E, selenium or 
certain ant ioxidants  inhibits this lipid autoxidation, 
par t icu lar ly  in l iver and kidney (Table I I ) .  

T A B L E  I 

Vi t am in  E Deficiency in  the Chick and  I t s  P r e v e n t i o n  by 
D i e t a r y  Supplements  

Syndrome Preven ted  by 

Eneephalomalac ia  ................................................. a-Toeopherol ; var ious  
an t io~ idan t s  

•uscle  dystrophy .................................................. a-Toeopherol;  cys t ine  ; 
ethoxyquin a 

E x u d a t i v e  diathesis  .............................................. a-Tocopherol ; se lenium ; 
e thoxyquin 

a "San toqu in , "  Monsanto  Ohemical Co., St. Louis,  Mo. 
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TABLE II 
L i p i d  P e r o x i d a t i o n  in  I n c u b a t e d  T i s sue  t t o m o g e n a t e s  f r o m  Chicks  Fed  a D i e t  w i t h  3 0 %  I so la t ed  Soybean P r o t e i n  

Group  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e  T B A  va lues  a 
Add i t ion  to die t  . . . .  

L i v e r  K i d n e y  Musc le  t t e a r t  L u n g  Spleen 

None 10--~-S-- 1 ~ - 7 ~ - - - - ~ - 5  ~ ~ 15o 
0 . 0 1 %  dl , a -Tocophery l  ace t a t e  20  b 35 b 30 15 b 15 b 10 b 
0 . 1 %  E t h o x y q u i n  30 b 10 b 35 20 b 30 b 90 b 
0 .33  ppm Se len ium I 4 0 b  I 7 0 5  I 35 I 55b  I 40  / 110  
0 . 3 %  L-Oyst ine  95 I 120  ] 30 I 85 ] 55 | 150  

a A 5 3 5  M 1000 .  N i n e  to s ix teen  chicks in  each g roup .  5 %  homogena tes  i n c u b a t e d  for  1 h r  a t  37C.  
b S ign i f i can t ly  lower  t h a n  Group  1 ( P  < 0 . 0 1 ) .  

These results readi ly  suggested tha t  selenium be- 
comes incorporated into some cellular compound which 
has ant ioxidant  properties.  Tappel  e t a l .  (14) have 
presented other evidence suppor t ing  this theory. In  
our continuation of these studies we have found tha t  
this antioxidant-like effect of selenium, which can be 
shown readi ly  in the chick, cannot be demonstrated 
under  similar d ie tary  conditions in the ra t  (Table 
I I I ) .  There was no effect of d ie tary  selenium on lipid 
peroxidation in either liver or heart .  We have also 

T A B L E  I I I  
L i p i d  P e r o x i d a t i o n  in  I n c u b a t e d  R a t  L i v e r  and  H e a r t  t t o m o g e n a t e s  a 

A v e r a g e  T B A  values  b 
Add i t i on  to die t  No. of 

r a t s  L i v e r  H e a r t  

None  .. . . . . . . . . . . . . . . . . . . . . . . .  3 337  4- 53 196  • 18 
0.5 ppm So. ... . . . . . . . . . . .  3 395  • 30 179  4- 9 
0 . 0 1 %  a- tocophery l  

ace ta te  .. . . . . . . . . . . . . . . . .  3 0 0 

a R a t s  fed a basa l  d ie t  def ic ient  in  v i a t m i n  E and  s e l en ium wi th  1 2 . 5 %  
iso la ted  soybean  p ro t e in  a n d  4 %  s t r i pped  la rd ,  for  60 days.  

b A 5 3 5  X - 1 0 0 0 ;  1 h r  incuba t ion ,  37C.  L i v e r  ~ - 3  r a t s ;  h e a r t  ~ 2 r a t s .  

found a negative effect of selenium in guinea pig 
heart .  A similar negative response of r a t  liver to 
selenium was repor ted by Corwin (15). W h y  selenium 
is not active in this respect in the ra t  and guinea pig 
in contrast  to its action in the chick remains to be 
determined. 

I t  is well known that  erythroeytes  of v i tamin E- 
depleted animals when removed f rom the body and 
subjected to certain oxidative t rea tments  are more 
fragile than red cells f rom animals which are normal  
with respect  to v i tamin  E. When red ceils f rom de- 
pleted rats  were incubated with dialurie acid a rapid  
hemolysis occurred which was paralleled by lipid per- 
oxidation (Fig.  1). Cells f rom rats  given die tary  sele- 
nite showed an initial inhibition to hemolysis and 
peroxidation which disappeared af ter  20 rain, while 
cells f rom vi tamin E-supplemented animals main- 
tained their  stability. 

Other experiments  on erythrocytes in which their  
resistance to osmotic hemolysis was measured have 
not shown any protective action f rom die tary  selenite. 
Fur thermore ,  in the superna tan t  hemolysates f rom 
the v i tamin  E-deficient animals, there was no evi- 
dence of lipid peroxidation as measured by the thio- 
barbi tur ic  acid test. I t  would appear  tha t  osmotic 
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:Fro. 1. Per cent hemolysis and lipid peroxidation (malonic 
dialdehyde production) in rat erythrocytes incubated with di- 
a l u r i c  a c i d .  B a s a l  d i e t  ( - - E )  c o n t a i n e d  3 0 %  T o r u l a  y e a s t  a n d  
4 %  s t r i p p e d  l a r d ;  -i- E = 2 0 0  m g  a - t o a o p h e r y l  a c e t a t e  p e r  k g ;  

+ S e  = 0 .5  p p m  s e l e n i u m .  

hemolysis is not associated with lipid peroxidation. 
The apparen t  discrepancy between the dialuric acid 
and the osmotic hemolysis tests with respect to dietary 
selenium requires fu r ther  exploration. 

In  considering how die tary  selenium might  be af- 
fecting tissue composition, it appeared possible that  
alterations in the lipids, par t icu lar ly  the f a t t y  acids, 
could occur and that  these might  account for the 
observed antioxidant-like effects. I f  selenium in some 
way decreased the tissue concentration of polyunsatu- 
rated f a t ty  acids, then the tissue homogenates f rom 
chicks fed selenium wouhl not undergo as much lipid 
peroxidation as would tissues f rom unsupplemented 
birds. To test this possibility, liver and blood plasma 
f rom chicks fed vi tamin E or selenium in diets dif- 
fer ing in the type of fa t  were analyzed. In  three ex- 
periments, purified diets contained no added fat,  2% 
coconut oil, or 4% str ipped lard. Analyses of liver 
and plasma for total  lipid, phospholipid and total 
cholesterol (Table IV)  showed that  neither vi tamin 
E nor selenium had any  effect on these parameters  of 
lipid metabolism, in  only one area was a significant 
interaction noted, and that  was in the f a t t y  acid 
composition of plasma total lipid f rom chicks fed 
the diet with 4% of s t r ipped lard (Table V) .  Vitamin 

T A B L E  I V  
L i v e r  L i p i d  Composi t ion of Chicks  Fed  Die t s  w i t h  or w i t h o u t  V i t a m i n  E and  Se len ium a 

Die t  cha r ac t e r i s t i c s  No. of Tota l  l ip id  To ta l  Phospho-  a-Tocoph- V i t a m i n  A Co. Qlo 
weeks  cholesterol  l i p id  erol  

F a t - f r e e  .................................................................. 
Fa t - f r ee  -1- V i t . E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fa t - f r ee  -I- Se . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 % Coconut  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 % Coconut  oil -t- Vit .  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 % Coconut  oil -~ Se . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 % S t r i pped  l a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 % S t r i pped  l a r d  ~- Vit .  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 %  S t r i pped  l a r d  ~- Se . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 
10  
10 

6 
6 
6 
6 
6 
6 

m g / g  
40 .7  • 5 .6  
35 .0  ~ 2.6 
42 .7  ~--_ 1.7 
41 .4  4- 1.0 
47 .8  4- 5 .0  
38 .6  -4- 0.9 
38.1  4- 0.7 
39 .4  4- 1.5 
39.1  4- 0.8 

m g / g  
4.0 4- 0.2 
4 .0  4- 1 .4  
4 .9  4- 0 .4  
3.9 4- 0.1 
4 .0  4- 0.1 
3.8 4- 0.8 
3.8 4- 0.2 
3.5 4- 0.2 
3.7 -4- 0.2 

m g / g  
24 .1  - -  1.0 
22 .8  ~ 0,9 
25.3  ~__ 1.4 
26.2  4- 0 .4  
24.3  - -  2.0 
25 .4  --~ 0.5 
25 .4  - -  0.5 
25 .0  - -  0.7 
24 .6  - -  0 .6  

/~g/g 

0 
9 ,4  4- 1,0 

0 
0 

23 .7  4- 5 .7  
0 
0 

16 .6  4- 1.6 
0 

~ g / g  

69.9 4- 3.9 
66.7  4- 9,3 
69.4  4- 10.2  
30.2 4- 2.1 
33.8  4- 4.1 
26 .0  4- 2 .6  

5.2 4- 1.2 ~ 
13.6  4- 2 .6  b 
12.6  4- 1.0 b 

~ g / g  

45 .6  4- 2.2 
61 .1  4- 7.6 
49 .5  I+ 8.6 
54 .3  4- 5.0 
60 .0  4- 8.3 
53 .9  4- 6.3 
52 .8  4- 4.9 
59 .2  4- 4.5 
58 .8  4- 5 .4  

All  diets  con ta ined  3 0 %  isola ted  soybean p ro te in .  Six chicks  p e r  g roup .  :YIeans w i t h  s t a n d a r d  e r ro rs .  
L o w e r  d i e t a r y  level  of v i t a m i n  A used  in th is  exper iment .  
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T A B L E  V 
Effect  of V i t a m i n  E a n d  Se len ium on P l a s m a  F a t t y  Acids  of Chicks  a 
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TABLE VIII 
Prevent ion  of the Toxic i ty  of E t h o x y q u i n  by D i e t a r y  V i t a m i n  E 

F a t t y  ac id  B a s a l  B a s a l  -5 Se B a s a l  -5 
Vi t .  E 

0.3 • 0 .03  
0.4 • 0 .03 

23 .4  • 1.0 
3.1 • 0.3 

18.2  -~- 1.2 
32 .7  • 1.2 
11.9  • 0.5 

0 .6  • 0 .09  
2.2 • 0 .2  
2 .0  • 0.1 
5.2 • 0.5 

0.2 • 0 ,01  
0.4 • 0 .04  

23 .5  • 0 .8  
2 .8  • 0.3 

19 .3  • 1.1 
29 .4  • 0.5 
12.5  • 0 .6  

0.5 • 0 .09  
2 . 4  • 0 . 2  
1.8 • 0.2 
6.9 ~ 0.7 

0.3 ----- 0 .01  
0.3 ----- 0 .03 

23 .6  • 0 .4  
2 .5  + 0.2 

18.9  • 0.5 
30.1  • 1 .4  
12.2  • 0 .4  

0 .4  • 0 .06  
1.5 + 0.2 
1.9 • 0.1 
8.1 • 0 .6  e 

.4 
16A b ........ 
.6 
6 :1  
8 
8 :1  
8 ; 2  .................... 

1 8 : 3  .. . . . . . . . . . . . . . . . . . .  
2 0 : 3  c . . . . . . . . . . . . . . . . .  
2 0 : 3  d . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . .  

a Die t s  con ta ined  3 0 %  isola ted  soybean p ro t e in  w i t h  4 %  s t r ipped  
la rd .  F o u r  ch icks  p e r  g r o u p ;  28  days.  Means  w i t h  s t a n d a r d  errors.  

b Re ten t ion  t ime  cor responded  to C16 aldehyde.  
5, 8, l l - e i c o s a t r i e n o i c  acid.  

a T e n t a t i v e l y  ident i f ied  as 8, 11,  14-e lcosa t r i eno le  acid.  
o S ign i f i can t ly  d i f fe ren t  f rom the  basa l  g roup  ( P  < 0 . 0 1 ) .  

E significantly increased the araehidonic acid and 
decreased 5, 8, 11-eicosatrienoie acid. Similar changes 
due to vitamin E were noted in the liver f a t t y  acids 
(Table VI)  ; the C22:6 was also significantly elevated 
in this group. Although these are real dietary effects 
of ~-tocopherol, their  physiological significance, if any, 
is unknown. The studies show, however, that  selenium 

T A B L E  V I  
Effect  of  V i t a m i n  E a n d  Se l en ium on L i v e r  F a t t y  Acids  of Ch icksa  

F a t t y  ac id  B a s a l  B a s a l  -5 Se B a s a l  -5 
Vi t .  E 

T b 
0.3 • 0 .06  

18 .4  • 2 .0  
1.7 • 0 .4  
0 .4  • 0 .07  

24 .6  • 2 .4  
24 .5  • 2.2 
11 .4  • 0 .8  

0 .4  • 0 .04  
2.0 - -  0.2 
2 .4  • 0.2 

10 .6  • 1.5 
0 .4  ~- 0 .05  
0.6 • 0 .15  
0.6 • 0 .05  
1.3 - -  0.1 

T 
0.3 • 0 .02 

18.8  • 0.8 
1.9 • 0.2 
0.2 • 0 .08  

24.9  ----- 0 .8  
23.3  • 0.9 
11 .5  • 0.8 

0 .4  • 0 .02  
1.9 • 0.2 
2.3 • 0.3 

11.8  - -  0.5 
0 .3  --~ 0.1 
0.4 • 0 .14  
0.7 • 0 .09 
1.4 • 0.1 

T 
0.3 ---~ 0 .03  

18,2  ----- 1.2 
1.3 + 0,3 
0.6----- 0.1 

26 .5  ~ 1.3 
21 .1  • 2 .0  
10 .6  • 0 .4  

0 .4  • 0 .05  
1.2 • 0,1 f 
2.1 - -  0,1 

13.9  • 0 ,6  f 
T 

0.7 • 0 .05  
0.7 • 0 .25  
2.1 • 0,2 f 

14 
16A c ..... 
16 
1 6 : 1  ........ 
18A c .... . . . . .  
18 .. . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . .  
1 8 : 3  .. . . . . . . . . . . . . . . . . .  
~0 :3  d, 
2 0 : 3  e .................. 
2 0 : 4  ... . . . . . . . . . . . . . . . . .  
2 0 : 5  . . . . . . . . . . . . . . . . . . .  
. )4:1 
2 2 : 5  .... . . . . . . . . . . . . . . . .  ! 
2 2 : 6  ... . . . . . . . . . . . . . . . . .  

a n d  Se l en ium a 

Add i t ions  to d ie t  E x u d a t e s  M o r t a l i t y  % % 
M-one . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .05  % E t h o x y q u i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 5 %  a-Tocophero l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 2 5  p p m  Se len ium .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 5 %  E t h o x y q u i n  -5 

0 .005  % a-Tocophero l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .05  % E t h o x y q u i n  -5 

0 .025  p p m  Se l en ium .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 5 %  E t h o x y q u i n  -5 

0 .05  p p m  Se len ium .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 %  a-Tocophero l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .05  ppm Se len ium .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

100  
53 
50 
94 

O 

0 

0 
0 
0 

94  
96 

0 
38 

0 

25  

O 
0 
0 

a Die t s  con ta ined  3 0 %  isola ted  soybean p ro t e in  w i t h  4 %  s t r i pped  
l a rd .  F o u r  ch icks  pe r  g r o u p ;  28  days.  M e a n s  w i t h  s t a n d a r d  e r ro r s .  

b T r a c e  ---- < 0 . 1 % .  
e R e t e n t i o n  t imes co r re spond  to a ldehydes.  
a 5, 8, l l - e i c o s a t r i e n o i c  acid.  
e T e n t a t i v e l y  ident i f ied  as 8, 11,  14-e icosa t r ienoic .  
f S ign i f i can t ly  d i f fe ren t  f rom the  basa l  g roup  ( P  < 0 . 0 1 ) .  

does not alter the lipid composition of these tissues 
and indicate that  the site of action of the element 
must be sought elsewhere. 

Of special interest is the significant amount of a 
f a t ty  acid tentat ively identified as 8, 11, 14-eicosatri- 
enoic acid. We have found this peak f requent ly  in 
chicken liver, plasma and erythrocytes, par t icular ly  
in birds fed diets containing reasonable amounts of 
linoleie acid, e.g., 4% corn oil or safflower oil. A simi- 
lar peak has been reported by Morin e t a l .  (16) in ra t  
liver phospholipids, and Mead e ta l .  (17) have postu- 
lated this f a t ty  acid to be an intermediate in the con- 
version of linoleic acid to arachidonic acid. 

There have been suggestions (18) that  both vitamin 

a d l e r  con ta ined  6 0 %  T o r u l a  yeast ,  4 %  s t r ipped  l a r d  a n d  0 . 3 %  DL-  
meth ion ine .  E i g h t  ch icks  p e r  g r o u p ;  28 day  per iod .  

E and selenium m a y  have a regulatory role on the 
concentration of coenzyme Q (ubiquinone) in tissues. 
We have looked into a possible interrelationship 
among these metabolites in the series of chick experi- 
ments mentioned above with regard to lipid composi- 
tion (Table IV) .  I t  is apparent  tha t  under  our 
experimental conditions neither vitamin E nor sele- 
nium bad any  effect on the coenzyme Q content of 
liver. Other tissues were not  examined. 

Olson et al. (19,20) reported that  rats fed trace 
amounts of selenium had increased levels of coenzyme 
A (Co A) in their livers and that  selenium greatly 
increased the incorporation of S35-cystine into Co A. 
We determined the Co A levels in liver f rom chicks 
fed purified diets with 15 or 30% protein with 0.3% of 
added L-cystine and could find no relationship between 
Co A, vitamin E or selenium. When the supplementary 
eystine in the diets was omitted, then die tary  selenium 
had a definite effect on liver Co A levels (Table VI I ) .  
In the basal groups (experiment B) ,  there was a de- 
crease to about one-half tha t  in the groups receiving 
eystine (experiment  A).  Both vitamin E and sele- 
nium prevented the decrease in Co A concentration, 
with the effect of selenium being more pronounced 
in the 15% protein diet. The metabolic significance 
of these differences has not been explored. These re- 
sults, however, confirm that  an interrelationship exists 
between the sulfur  amino acids, vitamin E and sele- 
nium. 

We have recently made an observation of another 
physiological effect of selenium which has not been 
noted heretofore. As reported by Mach]in (21), we 
have found that  the antioxidant  ethoxyquin would 
replace vitamin E and prevent  all three deficiency 
syndromes (Table I) in the chick. In  contrast, the 
group at Cornell Universi ty reported that  ethoxyquin 
would not prevent  the symptom of exudative diathesis 
except at a level of 0.05% which they stated to be 
toxic (22). Since neither in Machlin's or our own 
work had any toxicity of ethoxyquin been noted at 
this, or even higher levels, there appeared to be a 
discrepancy in these results. This was resolved when 
we found that  ethoxyquin was indeed toxic when 

T A B L E  V I I  

Effect  of V i t a m i n  E a n d  Se len ium on the  Coenzyme A Conten t  of Chick  L i v e r  a 

B a s a l  

Ixper iment  A 
( - 5 0 . 3 %  
L-cys t ine)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .6  • 0 .6  

~xperiment B 
(No L-cys t ine )  . . . . . . . . . . . . . . . . . . . . .  2.7 • 0.3 e . 

15 % Prote in  

-5 Se 

5.0 - -  0 .4  

4 .7  ~ 0.5 b 

U n i t s  of coenzyme A p e r  mg  N 

-5 Vi t .  E 

4.5 • 0.1 

3.8 ~- 0.3 b 

B a s a l  

4 .4  ~ 0.2 

2.9 _ 0.5 c 

3 0 %  P r o t e i n  

-5 Se 

4 .7  "4- 0.3 

3 .7  • 0.2 

I -5 Vi t .  E 

3.8 --+- 0 .5  

4 .4  • 0.3 

a B a s a l  diets  con ta ined  isola ted soybean p ro t e in  w i t h  6 %  s t r ipped  l a r d .  No added  me th ion ine .  F o u r  chicks  p e r  g roup  except  w h e r e  ind ica t ed .  
T w e n t y - e i g h t  day  f eed ing  per iod .  Va lues  a r e  m e a n s  w i t h  s t a n d a r d  e r ro r s .  

b Six chicks  pe r  g roup .  Compared  to basa l  group,  se len ium ~ P < 0 .01  ; v i t a m i n  E ---- P < 0 .05 .  
e S ign i f i can t ly  less ( P  ~ .05)  t h a n  the basa l  g r o u p  wi t i l  cyst ine.  T h e  se l en ium and  v i t a m i n  E g roups  a r e  not  s ign i f i can t ly  d i f f e ren t  f rom th i s  va lue .  
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fed in a vitamin E and selenium-free diet containing 
torula yeast, but  was innocuous when fed in a soy- 
bean protein type diet. Subsequent work revealed 
that  the adverse effects of ethoxyquin in the torula 
yeast diet could be completely overcome by adding 
selenium, as selenite, in amounts which by themselves 
had very  little effect in prevent ing exudates or mor- 
tal i ty (Table V I I I ) .  Low die tary  eoncentrations of 
a-tocopherol which were not completely active in pre- 
venting deficiency symptoms also eliminated the toxi- 
city. I t  is probable that there is sufficient selenium in 
the soybean protein diet to prevent  the toxicity of 
ethoxyquin. This protective action of selenium ap- 
pears to be similar to that  exerted by vitamin E under 
a variety of toxic conditions (23). 

These various studies provide fur ther  information 
of metabolic effects of dietary selenium as related to 
vitamin E. The similarity of action of these two sub- 
stances, as for  example their relationship to eoenzyme 
A and their  prevention of certain toxicities, suggests 
a common biochemical mechanism. The hypothesis 
that  vitamin E and selenium act eoaclusively as tissue 
antioxidants and thereby stabilize critical polyun- 
saturated fa t ty  acids in the cell is weakened by the 
negative results with rat  and guinea pig tissues; a 
general ground-theory should apply to a var ie ty  of 
species. On the other hand, there is insufficient evi- 
dence to support  a hypothesis that  a-toeopherol and 
selenium act specifically in one or more pathways of 
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intermediary metabolism. Clearly, more information 
must be obtained to enable us to unravel  the intrigu- 
ing interrelationship between these substances. 
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The Biological Consequences of Feeding Polyunsaturated 
Fatty Acids to Antioxidant-Deficient Animals 
L. J. MACHLIN, Monsanto Chemical Company, St. Louis, Missouri 

Abstract 

The addition of polyunsaturated fa t ty  acids 
(PUF A)  to diets deficient in vitamin E and other 
effective antioxidants results in a variety of symp- 
toms it( animals. For  exanlple, the feeding of 
such diets to rats results in muscular dystrophy, 
testis degeneration, dental depignteutatiou, brown 
discoloration of the fat  and and uterus and ere- 
atinuria. Similar diets f e d  to rabbits and rumi- 
nants results in muscular dystrophy, in  chickens 
the symptoms observed are encephalonlalacia, low- 
ered egg production, and poor hatchability. The 
addition of P U F A  to diets is known to result in 
the destruction of vitamin E in the diet or in 
the tissues of animals as a result of free radicals 
produced dur ing the autooxidation of the PUFA.  
However, in several studies, this possible explana- 
tion for the development of vitamin E defieieney 
symptoms has been made untenable, in  such 
studies the nlore likely explanation for develop- 
ment of symptoms is the in vivo peroxidation of 
P U F A  in the tissues of animals following incor- 
poration of large amounts of P U F A  in lipid 
structures and depletion f rom the tissues of vita- 
min E and other biologically effective antioxi- 
dants. 

I~troduct ion 

T H E  TOPIC o f  antioxidant-unsaturated fa t ty  acid 
relationships is not new and, in fact, began 

shortly af ter  the initial discovery of our most im- 
por tant  in vivo antioxidant  vitamin E. In  1923, 

Evans recognized that  vitamin E was necessary for 
the reproduction of the rat and, just  a few years later, 
Agdur  (1) and Evans (2) found that  vitamin E de- 
ficiency symptoms were exaggerated by the addition 
of cod liver oil to the diet. Why tile recent interest in 
this topic? One of the reasons is the popularization 
of the concept that  unsaturated fa t ty  acids will de- 
crease blood cholesterol in hnmans, with the inference 
that  this lowered cholesterol would reduce athero- 
sclerosis. The increased eoltsumption of P U P A  has 
caused some concern, that excessively high intakes of 
unsaturated fa t ty  acids may precipitate vitamin E 
deficiencies in humans (3). Another  reason for re- 
newed interest is the accumulation of evidence in the 
last few years that  nlany synthetic antioxidants can 
prevent  the deleterious effects of unsaturated fa t ty  
acids in animals. Thirdly,  we now have available 
elegant procedures for  the analysis of fa t ty  acids in 
tissues, and also more refined nutr i t ional  techniques. 
This has led to experiments which help clarify and 
quanti tate the initial observations on the relationships 
between polyunsaturated fa t ty  acids (PUFA)  and 
Vitamin g .  

Recent works which have helped establish sonle of 
the following points are briefly reviewed below: 

1) P U F A  are necessary for the development of most 
vi tamin E deficiency symptoms. Where  they are not 
absolutely necessary, P U P A  almost invariably will 
exaggerate the requirement (3,4,5). 

2) PUFA-indueed symptoms can be prevented by a 
number of synthetic antioxidants of quite varied 
chemical s tructures (5,6,7,8,9). 


