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ABSTRACT 

The present s tudy has involved biologically ti trat- 
ing l inoleate  vs. vi tamin E using the male rat as the 
indicator.  In the first o f  the t i t rat ion studies, the 
dietary tocophero l  level was held constant ,  while in 
the second study the l inoleate  intake was held 
constant .  The investigation was conduc ted  with male 
rats since these have a much  higher l inoleate  require- 
ment  than females. By first deplet ing such animals of  
their  stores of  essential fatty acids by feeding a 
fat-free diet  from weaning, a sensitive test organism 
was provided.  These animals have an immedia te  need 
for l inoleate  during the replet ion periods. If  an 
imbalance be tween l inoleate  and vi tamin E con ten t  
existed in any of  the dietary regimens, such an 
imbalance would  have been more likely noted in test 
animals actively metabol iz ing  the ingested linoleate. 
Based upon  various nutr i t ional  and biochemical  
indices, the amount  of  tocophero l  ordinarily included 
in the basic diets fed to our  rats, 0 .0 t% as dl-alpha- 
tocophery l  acetate,  was adequate  even when the diet 
provided up to 5% l inoleate;  an amount  corres- 
ponding  to ca. 12% of the total  calories and providing 
a ratio of  l inoleate to the tocophero l  of  ca. 500: 1. In 
the reverse biological t i t ra t ion with all test diets now 
providing the constant  level of  5%, l inoleate,  ratios of  
l inoleate to vi tamin E were sat isfactory even in a ratio 
of as much  as 2500:1 (or 0.4 mg gram of v i tamin  E per 
polyunsa tura ted  fat ty acid). The cont ro l  animals 
con t inued  on the fat-free diet indicated that there is a 
need for added tocophero l s  even in the absence of  
l inoleate  according to a number  of  biochemical  
indices. Based upon a n u m b e r  of  accepted bioanalyti-  
cal approaches,  the min imum requi rement  for tinole- 
ate by the fat-depleted male rat was found to be 
be tween  100-200 rag/day or  ca. t-2% of  the caloric 
intake. Al though  the fat ty acid compos i t ion  of tissue 
lipid fract ions is markedly  affected by the amount  of  
l inoleate in the diet,  dietary tocopheroI  supplements  
have l i t t le effect  on these values. 

INTRODUCTION 

Several groups o f  investigators have suggested that  there 
is an increased requ i rement  for  dietary tocopherols ,  and 
especially for vi tamin E, as the unsatura t ion  of  the fat in 
the diet is increased (1-3). It  is true that  po lyunsa tura ted  
fat ty acids (PUFA)  are far more  readily oxidized in vitro 
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than are the more saturated fatty acids, but  whether  such 
related oxidat ion  also occurs in vivo to yield metabol i tes  
which may be potent ia l ly  harmful  is still open to debate.  
Al though Tappel (4) has presented evidence for the 
occurrence in vivo of  damaging lipid peroxida t ion  products  
in the vi tamin E-deficient  animal,  and Pri tchard and Singh 
(5) have found decreased levels of  PUFA in heart,  liver, 
adrenals and plasma of  vi tamin E-deficient rats which they 
at t r ibuted to lipid peroxida t ion ,  Bunyan et al. (6), using 
more refined techniques ,  were n o t  able to show decreases in 
the concen t ra t ion  of  the P U F A  in rat liver, k idney,  heart ,  
spleen, brain, adrenal and adipose tissue during experi- 
mental  periods of  vi tamin E deficiency lasting 13 months.  

Recent ly there has been considerable emphasis directed 
toward increasing the polyunsa tura ted  fatty acid con ten t  of  
the diet at the expense of  the more saturated fat in order to 
delay or  possibly prevent certain aspects of  cardiovascular  
disease (7). A direct relat ionship between the vi tamin E 
intake and the polyunsatura ted  fatty acid intake has been 
postulated by Horwi t t  (8) who reported that  elevated 
dietary l inoleate levels increase the tocophero l  requirement .  
This observat ion was suppor ted  by studies on exudat ive 
diathesis in chicks where increased lipid peroxides were 
found in tissue when the dietary level of  PUFA was 
elevated wi thou t  a c o n c o m i t a n t  increase in tocophero l  
(9,10). Hayes and coworkers  (11), report ing on his studies 
with dogs, conc luded  that  a l though the requi rement  for 
tocophero l  was directly related to P U F A  consumpt ion ,  this 
was associated with the metabol ism of the fat and not  with 

TABLE t 

Composition of Diet 

Dietary constituents a Per cent 

Sucrose 6%53 
Casein 22.23 
Celluflour 4.00 
Salt mixture 4.00 
Choline chloride 0.24 
Vitamin mixture b 2.00 

aWhen l inoleate  was included in the diet, it was added at the 
expense of sucrose. Tocopherol was added as dl<~-tocopheryl acetate 
powder (l gm= 2501U) in amounts depending on the conditions of 
the experiment. 

bThe vitamin mixture had the following composition: Vitamin 
Test Casein 61.35 g; p-aminobenzoic acid 2.42 g; inositol 2.0 g; 
(dl-ot-tocopherol acetate powder [1 g m =  250 IU]) 1.3865 g; 
ascorbic acid 0.8 g; thiamine 0.288 g; Ca-pantothenate 0.24 g; 
niacin 0.24 g; vitamin BI2 0.24 g; riboflavin 0.I1 g; pyridoxine 
0.108 g; crystalets (500,000 U.S,P./g vitamin A, 50,000 U,S.P./g 
vitamin D) 0,052 g; folic acid 0.046 g; menadione 0.022 g; biotin 
0.016 g; 2 g mix supplies; 1.77 g casein.  
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T A B L E  It 

G r o w t h  o f  Male Rats  P rev ious ly  Fed  a F a t - F r e e  Diet a n d  T h e r e a f t e r  
Fed  Diets V a r y i n g  in L ino l ea t e  (L)  o r  in d l - ~ - T o c o p h e r y l  A c e t a t e  (T)  

A. E x p e r i m e n t  t. 0 . 0 1 %  T in Diet ;  V a r y i n g  C o n c e n t r a t i o n s  o f  L 

Weigh t ,  g 

G r o u p  L, % No.  ra t s  At  s t a r t  At  e n d  

l 
1I 
I l l  
IV 
V 
VI 

( F F ; O L )  l 0  237  + 2 2  a 2 3 0  + 3 1  
.25 9 221 -I-30 2 8 0  +-48 
.50  10 225  +-31 2 7 8  +-34 

l .O 8 242  +-20  2 9 8  _+23 
4 . 0  10 2 3 0  _+37 301 _+40 
5 .0  10 232  +-24  2 1 0  + 2 5  

B. Experiment II. 5% L in Diet; V a r y i n g  C o n c e n t r a t i o n s  of T 

Weigh t, g 

Gain a f t e r  
4 weeks 

G r o u p  T, % No.  ra t s  At  s t a r t  At  e n d  

-7 
59 
53 
56 
71 
78  

aSD.  

Gain  a f t e r  
4 w e e k s  

0 I0  2 5 5  _ 1 7  3 2 0  +--31 
.002  10 2 5 8  +-28  326  +-24 
. 004  10 252  +-20 2 9 9  +- 10 
.006  10 254  +-35 310  + 1 5  
. 008  10 243  +-29 313  + 3 1  
. 010  10 2 4 7  +-15 317  +-46 

65 
68 
47  
56 
70 
70 

the antioxidant role of the vitamin. 
On the other hand, Jager and Houtsmuller (12) reported 

that, using erythrocyte hemolysis as an index, there was no 
direct relationship between linoleic acid intake and vitamin 
E requirement, although the group with the highest linoleic 
acid intake had the most hemolysis. In human studies, 
Ahrens et at. (13) found no evidence of creatinuria, 
myopathy, encephalopathy or other vitamin E deficiency 
symptoms in patients fed highly unsaturated menhaden oil 
(low in tocopherol) or corn oil at 40% of calories for 5.5 
months. Similarly in studies with rats, Alfin-Stater et al. 
(14, 15) found no evidence of vitamin E deficiency or of an 
increased vitamin E requirement when vegetable seed oils 
rich in polyunsaturates were fed at a level of 30% of the 
diet without a supplementary source of vitamin E. These 
studies included evaluations of growth, reproduction, lacta- 
tion, testicular development and performance, and various 
aspects of lipid metabolism as well as tests for lipid 
peroxidation products in the tissues. The unreliability of 
the in vitro peroxidation test as a measure of vitamin 
E nutriture was also demonstrated. Ilowever, since the 
vegetable seed oils were rich in natural tocopherols, it 
seemed of interest and importance to attempt to quantitate 
the linoleate-tocopherol relationship with respect to the 
amount of tocopherol needed to afford antioxidant protec- 
tion to linoleate in vivo. 

In this report two experiments were designed to further 
explore the interdependency between PUFA and vitamin E. 
In the first experiment increasing linoleate supplements 
were given to groups of rats fed a diet considered adequate 
with respect to vitamin E content with this latter nutrient 
remaining constant as a dietary supplement. In the second 
experiment linoleate was kept constant, and the level of 
dl~-tocopheryl  acetate in the diet was varied. Various 
nutritional and biochemical indices were examined to 
determine the nutritional adequacy of the various diets. 
These indices included growth and weight gain, analyses for 
tissue peroxides, cholesterol and lipid determinations in 
plasma and liver, fatty acid analyses of lipids of plasma, red 
blood cells and liver, and in vitro hemolysis and fragility 
tests on red blood cells. 

EXPERIMENTAL PROCEDURES 

Only male rats from our colony (the former USC strain) 

were used. In the first experiment animals were maintained 
from weaning on a fat-free diet containing 0.01~ dl-~- 
tocopheryl acetate (T) for 4 months and were subsequently 
given supplements of methyl linoleate (L) as follows: 0, 50, 
100, 200, 800 and 1000 mg per animal per day for 5 weeks. 
In the second experiment animals were maintained on a 
fat-free diet with supplements of dl-~-tocopheryl acetate 
ranging from 0-0.01% until symptoms of EFA deficiency 
appeared (14 weeks) and thereafter were given a diet 
varying in the dl-a-tocopheryl acetate content and contain- 
ing 5% linoleate for 4 weeks. By using male animals which 
have a much higher linoteate requirement than do females 
(16) and by first depleting their stores of essential fatty 
acids, a very sensitive test organism is provided; such 
animals are actively metabolizing the ingested linoleate. At 
the end of the experimental periods the animals were killed. 

The composition of the fat-free diet is listed in Table I, 
and the experimental design is given in Table 11. The diet 
was adequate in all respects except for essential fatty acids 
as indicated. The linoleate supplements of 50, 100 and 200 
mg in Experiment 1 were administered orally; the higher 
levels were included in the diet since it was not feasible to 
give this large amount of material by oral intubation. The 
basal fat-free diets were prepared weekly and stored in the 
refrigerator prior to the daily feedings. The diets contain- 
ing 4% and 5% linoleate were prepared daily. It had been 
observed previously that the male rats weighing ca. 230 g, 
and growing rapidly, exhibited a weight gain of ca. 75 g in a 
4 week period and consumed on the average 20 g of the 
diet per day; hence the diets containing 4% and 5% methyl 
linoleate provided ca. 800 mg and 1000 rag, respectively, of 
tinoleate per rat per day. In the tables all linoleate 
supplements are expressed as per cent of diets. The 
dl-c~-tocopheryl acetate level was kept constant at 0.0t% of 
the diet, and therefore the daily intake of the dl~-  
tocopheryl acetate amounted to ca. 2.0 mg per rat per day. 

In Experiment II the linoleate was included at 5% in all 
the diets as shown under Experiment IIB in Table I11; the 
control groups (I1A) received no linoleate supplement. The 
dl-c~-tocopheryl acetate varied from 0-.010%. 

At the end of the experimental periods the animals were 
killed by removal of  blood from the heart under Nembutal 
anesthesia. Livers were quickly excised and trimmed of fat. 
Plasma, red cells and liver were treated with lipid solvents 
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T A B L E  III  

d | -~ -Tocophe ry t  A c e t a t e  (T)  and  L ino tea te  (L)  C o n t e n t  o f  Die ts  and  E r y t h r o c y t e  H e m o l y s i s  

Group  Diet  Red  b lood  cells 

des igna t ion  T, % L, % T / L ,  m g / g  E / P U F A ,  a m g / g  L / T  P U F A / E  H e m o l y s i s ,  % Frag i l i ty ,  % NaCI T , /~g /ml  

E x p e r i m e n t  I (8 -10  an imals  per  g roup)  
I .010  0 . . . . . . . . . . . .  2.4 b .39 b --- 
II  .010  0 .25 40 ,0  38,0  25/1 26[0  0.3 .38 --- 
I I I  .010  0 ,50  20.0 19.0 50/1 52/1 0.8 .38 --- 
IV .010 1.0 10,0 9.5 100/1 104 / I  3.9 .35 --- 
V .010 4.0  2,5 2,4 400 /1  416[1  5.3 .33 --- 
V I  ,010  5.0 2,0 1,9 500/1 520/1  4,2 .36 --- 

E x p e r i m e n t  I1A (6 an ima l s  per g r o u p )  
1A 0 0 . . . . . .  18.4--+2.1 c . . . . . .  
2A .002 0 . . . . . .  14.9 + 4 . 7  . . . . . .  
3A ,004 0 . . . . . .  15.2 +_ 2.4 . . . . . .  
4A  .006 0 . . . . . .  10.7 _+ 3.6 . . . . . .  
5A .008 0 . . . . . .  13.4 _ 1.8 . . . . . .  
6A  .010  0 . . . . . .  3.3 _ 1.0 --- 2 .58  

E x p e r i m e n t  t IB  ( t  0 an imals  per g r o u p )  
IB 0 5.0 . . . . . .  90.2 _+__ 5.5 --- 0 .95 
2B .002 5,0 0,4 0 .37 2500 /1  2700/1  5.5 + _ _ 2 . 3  . . . . . .  
3B ,004  S.0 0 .g  0 ,75  t 2 5 0 / 1  1350 / t  5 . t  -+ 1.8 --- 1,20 
4B ,006  5.0 1.2 l . l  1 833/1  900/1  4 .8  ± 1.0 . . . . . .  
5 B  .008 5.0 1,6 1.50 625/1  675/1  5.5 _+0,8 --- 1.20 
6B .010 5.0 2.0 1,87 540/1 540/1 3.4 _+0.8 --- 2.95 

a V i t a m i n  E ( ce - tocophe ro l ) / po lyunsa tu ra t ed  fa t ty  acid ( l inoleic acid) .  

bThese  are average  values  o f  dupl ica te  tests  done  on two poo led  s a mp le s  ( r e p r e se n t i ng  4 or 5 an imals  each)  o f  e r y t h r o c y t e s .  

C S D ; v a l u e s  o b t a i n e d  on ind iv idua l  rats .  

for subsequent cholesterol, lipid and fatty acid analyses. In 
Experiment I red cells were tested for their susceptibility to 
hemolysis by hydrogen peroxide using the method of Rose 
and Gyorgy (17), for fragility using varying concentrations 
of sodium chloride (18), and, in Experiment II, for 
hemolysis by the method of Draper and Csallany (19). 
Tocopherol analyses were performed by a modification of 
the method of Quaife et al. (20). Cholesterol analyses were 
carried out on lipid extracts of plasma and liver using a 
modification of the Sperry-Schoenheimer method as re- 
ported by Nieft and Duel (21). In Experiment I fatty acid 
analyses were done on extracts of total lipids of plasma, red 
cells and liver. In Experiment II lipids were separated into 
their trigtycerides, phosphotipids and cholesterol ester 
components, and each was analyzed separately. In experi- 
ment I fatty acid determinations were done using a 
Barber-Coleman Model 20 gas chromatograph (15.4% dieth- 
ylene glycol succinate polyester on 80-100 mesh chromo- 
sorb WAW), and in Experiment lI, a Varian Aerograph 
model 204C (15% diethylene glycol succinate polyester, 
80-100 mesh chromosorb WAW) was used. Chromato- 
graphic peaks were identified either by comparing reten- 
tion times with those of standards or from a graph 
representing the relationship between log retention time 
and number of carbon atoms. 

RESU LTS AND DI SCUSSI ON 

The gain in weight over the experimental period is 
shown in Table lI. To some degree the growth of the 
animals over the 4 week period reflected the amount of 
linoleate which they ingested. In Experiment l, as was to be 
expected, the essential fatty acid-deficient animNs receiving 
no linoleate supplementation lost weight during the experi- 
mental period. There appeared to be a plateau in growth 
response of the rats receiving from 0.25-1.0% linoleate per 
day. At the higher levels of linoleate intake, further gains in 
weight were noted. In experiment II the weight gain of the 
EFA-deficient rats receiving 5% linoleate was the same at all 
dl~-tocopheryl acetate levels, except possibly at the 004% 
T (although this was shown statistically to be a nonsignifi- 
cant difference), and confirmed the weight gain seen in the 
rats fed the 5% linoleate and 0.01% dl-~-tocopheryl acetate 
in Experiment I. 

The results on erythrocyte hemolysis and erythrocyte 
fragility in saline are shown in Table 1II. Also included are 
the amounts of dl-a-tocopheryl acetate and linoleate in the 
diet and the ratios of these nutrients to each other. In 
Experiment I the hemolysis figures are all low and quite 
similar, indicating that the erythrocytes were not subject to 
hemolysis under  the conditions of test, and that no 
increased susceptibility to hemolysis was produced by the 
increased linoleate, and therefore by the increased ratio of 
linoleate to dl-a-tocopheryl acetate from 25:1to 500:1 in 
the diet. The average ceil fragility values are also in the 
range reported to be normal for human blood (0.39-0.33% 
NaC1). In Experiment II, in the animals on the 5% linoleate 
diet, increasing the ratio of linoleate to dl-a-tocopheryl 
acetate from 500:1 to 2500:1 again resulted in no increased 
susceptibility of erythrocytes to hemolysis due to peroxida- 
tion in vivo, indicating that this ratio of L/T (corresponding 
to a vitamin E/PUFA ratio of 0.37 mg/g) provided adequate 
protection against tissue lipid oxidation and therefore 
presumably adequate vitamin E nutriture. This figure is 
lower than the estimation of 0.6 mg/g for the E/PUFA ratio 
proposed by Harris and Embree (3), and may indeed be 
even lower as a result of further experimentation. Chen and 
associates (22) reported that a-tocopherol had to be added 
back to tocopherol-stripped corn oil in the ratio of only 
0.36 mg/g for E/PUFA, whereas this was 1.12 mg/g in the 
case of the tocopherol-stripped lard to prevent liver 
peroxidation in the male rat. It is also interesting to note 
that Dayton et al. (23), using hydrogen peroxide hemolysis 
in vitro as a criterion, found that in most of the patients on 
diets containing 4.8 cal% PUFA, a E/PUFA ratio of 0.20 
mg/g provided a satisfactory vitamin E status. Since animals 
on the fat-free diet would be expected to have little linoleic 
and arachidonic acids in red cell lipids, it is interesting to 
note that in these animals a larger amount of dietary 
dl-a-tocopheryl acetate (0.010%) is required to prevent 
erythrocyte hemolysis than when a 5% linoleate is present 
in the diet (0.002%%). Although the possibility exists that 
the absorption of the fat-soluble vitamin E might be 
impaired on the fat-free diet, the ratio of erythrocyte 
tocopherol (Table III) to plasma tocopherol (Table IV), 
when T is included in the diet at 0.01%, is the same in the 
fat-free and linoleate-supplemented animals-0.34 and 
0.32, respectively. In the studies of Bieri and Poukka (24) 
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T A B L E  IV 

Cholesterol  and  T o c o p h e r o l  Con ten t  of  Plasma and  Choles te ro l  an d  Total  Lipid Co n ten t  
of  Liver of  Male Rats Fed Diets Vary ing  in Linolea te  (L)  and d l - a -Tocophery l  Ace ta t e  (T)  

VOL. 49 

A~ E x p e r i m e n t  I. ( .01%T)  (8-10 Animals  Per Grou p ) ,  Vary ing  Linolea te  Levels 

Plasma Liver 

Toc ophe ro l ,  Cholesterol  Cholesterol  
G roup  no.  L, % /lg/ml total ,  m g / 1 0 0  ml to ta l ,  mg /g  

Total  lipids, 
m g / g  

I 0 .__a 48.3 _+ 1.6 b 3.06 _+ 0.17 c 
II  0 .25 -- 62.1 + 4 . 2  b 2 .39  -+0.13 c 
I I I  0.5 --- 59.9 _+2.6 2.54 _+0.18 
IV 1 --- 54.8 _+2.3 2.07 _+0.15 
V 4.0 --- 62.3 _+ 1.5 2.06 _+ 0.06 
VI 5.0 .... 64.7 _+4.1 2.37 _+0.23 

65.7 _+ 2.3 d 
61 .0  -+ 1.6 
65.3 _+ 2.2 
55.4 -+2.5 d 
51.1 -+ 1.5 
50.8 -+ 2.6 

B. E x p e r i m e n t  II 

Plasma Liver 

Tocophe ro l ,  Cholesterol  Cholesterol  
G r o u p  no. T,  % ~zg/ml total ,  r ag /100  ml to ta l ,  mg /g  

Total  lipids, 
mg /g  

E x p e r i m e n t  I IA.  Fat-free diet (6 animals  per  group) ,  va ry ing  T levels 

1A 0 ( 1 . 0  61.2 -+ 6.5g 3.34 -+ .78g 
2A .002 8.2 _+ 1.9 62.9 _+ 6.2 2.66 _+ .11 
3A .004 7.7 _+ 1.1 62 .8  _+ 9.7 2.81 _+ .13 
4 A  .006 8.0 -t- 1.8 56.7 _+ 2.8 2 .60  _+ .50 
5A .008 6.3 _+ 1.1 60.4 + 6 . 4  e 2.66 -+ .61 
6 A  .010 7.6 -+3.8 46 .6  +_3.7 e , f  2 .64  _+ .11 

E x p e r i m e n t  liB. 5% L diet (10  animals  per  g roup) ,  va ry ing  T levels 

IB  0 2.4 -+0.9 56.0 _+ 5.3 1.93 -+ .13g 
2B .002 8.6 -I- 3.3 65.9 _+ 6.3 1.88 _+ .17 
3B .004 5.8 _ 1.7 62.6 -+ 5.5 1.74 + .19 
4B .006 6.6 _+ 3.0 57.4 + 6 . 4  1.79 -+ .14 
5B .008 7.8 + 1.3 57.8 _+9.4 1.86 _ .31 
6B .010 9.2 _+ 1.8 67.5 _ 4 . 9  f 2.06 -+ .28 

64.4 _+ 4.3 h 
57.4 _+ 6.4 
59.4 _+ 3.9 
61.7 _+ 11.6 
58.4 + 5.0 
55.6 -+ 4.9 

34.1 -+ 3.1 h 
35.7 _+4.1 
33.9 _+ 3.2 
34.8 _+ 2.4 
34.8 _+ 6.6 
38.7 _+ 8.0 

a T o c o p h e r o l  c o n c e n t r a t i o n  no t  measu red .  

b , c ,d , e , f , g ,hMatched  superscr ip ts  indicate  p( .005 

the ratio of erythrocyte tocopherol to plasma tocopherol 
was 0.45 over a range of tocopherol intake varying from 
0.12-0.41 mg/day. In these experiments 0.27 mg 0~-toco- 
pherol was required by rats fed 5% stripped lard to reduce 
erythrocyte hemolysis to less than 10%. Herring and 
coworkers (25) reported that vitamin E was as effectively 
absorbed and utilized by animals on both low fat and high 
fat diets. They also reported that erythrocytes from animals 
fed the low fat diets were less susceptible to hemolysis than 
those fed the high fat diets. However in Herting's study 
animals fed fat-free diets were not examined. 

In Experiment I, at a dl-~-tocopheryl acetate level of 
0.01%, plasma cholesterol values (Table IV) are signifi- 
cantly (p<.001)increased in male rats fed fat-free diets to 
which linoleate is added, as compared with the animals 
receiving no linoleate supplement (Experiment I, compare 
groups 1I and V with l ; i n  Experiment 1I, compare group 6B 
with 6A). However no significant differences are apparent 
in the total plasma cholesterol content  as a result of 
dl-~-tocopheryl acetate administration in the animals fed 
the various linoleate supplements in Experiment I or fed 
the 5% linoleate in Experiment II. In Experiment II plasma 
cholesterol levels of the fat-free animal were the same as 
those in the linoleate-fed group except at the 0.010% T 
level, in spite of the fact that the plasma tocopherol levels 
were the same in this latter case. 

Liver cholesterol and liver lipids were high in animals fed 
the fat-free diets and lower in the animal fed the linoleate- 
supplemented diets regardless of the tocopherol content of 
the diet. In Experiment 1 a dietary supplement of 0.25% 
linoleate was necessary to reduce the elevated cholesterol 
levels, whereas a 1% supplement was necessary to reduce 
liver total lipids. This linoleate-cholesterol relationship in 
rats is well documented (26). Rats fed fat-free diets have 
lower plasma and higher liver cholesterol values. The 

addition of adequate amounts of linoleate to the diet 
results in a decreased liver cholesterol and increased plasma 
cholesterol levels. 

The fatty acid composition of total lipids or lipid 
fractions of plasma (triglycerides [TG],  phospholipids [PL] 
and cholesterol esters [CE] ) is shown in Table V and Va; of 
red cells in Table VI ; and of liver in Table VII and VIIa. 

Plasma fatty acids change rather quickly in response to 
dietary fatty acids and can be used as a reflection of the 
composition of dietary fat in short range experiments (27). 
The fatty acids in plasma of rats fed the EFA-deficient diet 
(Experiment I(Group I)) are low in linoleic (18:2) and 
arachidonic (20:4) acids but are high in oleic (18:1), 
palmitic 16:0) and palmitoleic (16: 1)acids. In addition the 
plasma of the EFA-deficient animal has a high concentra- 
tion of eicosatrienoic acid (20:3). This eicosatrienoic acid 
occurs in large quantities in lipids of EFA-deficient tissues 
(28). It is biosynthesized from oleic acid in the fat-deficient 
rat and has been shown to be 5,8,11-eicosatrienoic acid 
(29). 

In Experiment IIA, it can be seen that the eicosatrienoic 
acid component  of the lipids is present in phospholipids 
and cholesterol esters and not in the triglycerides. Less 
eicosatrienoic acid, less oleic and more palmitoleic acid 
appear in the plasma lipids of the rats fed the higher levels 
of tocopherol in the diet. In Experiment I iinoleic acid 
supplements result in increases in linoleic and arachidonic 
acids and decreases in oleic, palmitic and palmitoleic acids. 
Stearic acid remains essentially constant. The amount of 
eicosatrienoic acid is decreased markedly by as little as 50 
mg of linoleate (0.25% L) and disappears completely after 4 
weeks on a diet containing 4% linoleate (the 800 mg 
linoleate per rat per day). Holman (28) has proposed the 
use of the triene-tetraene ratio as a measure of essential 
fatty acid deficiency; a value over 0.4 indicates an 
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A. E x p e r i m e n t  I. 0 .01% T 

Fa t t y  acid, % 
G r o u p  

no, L, % 16:0 16:1 18:0 18:1 18:2 20 :3  20 :4  22 :6  2 0 : 3 / 2 0 : 4  

I 0 18.2 13.3 9,8 35.6 3.7 16.0 1.2 --- 15 
It 0 .25 18,5 14.0 9.7 30.7 5.7 5.6 4.9 --- 1,1 
I I I  0.5 18.0 12.4 10.9 30.3 7.8 4.5 13.2 --- 0 .34  
IV 1.0 20 .4  13.3 9.7 30.1 6.6 3.8 15.1 --- 0.25 
V 4.0 17.4 8,7 9.9 25,1 15.2 0 23 .0  --- 0 
VI 5.0 16.7 7.3 9.4 17.4 28.0 0 19.8 --- 0 

B. E x p e r i m e n t  II .  

Fa t ty  acid, % 
G r o u p  

no.  T , %  16:0 1 6 : t  18:0 18:1 t 8 : 2  20 :3  20 :4  22 :6  2 0 : 3 / 2 0 : 4  

E x p e r i m e n t  I IA.  fa t -free diet  

I A  0 T G  a 24 .6  13.3 2 .3  48 .8  4.1 0 0 0 --- 
PL 22.0 7.9 11.0 23.5 5.8 7.4 3.1 3,9 2.4 
CE 11.8 17.6 2,1 24.9 5.7 23.4 5.7 0 4.1 

6A .01 T G  25.5 18.3 2 .4  39.6 5.8 0 0 0 --- 
PL 20.6  8.4 t 5.5 19.8 6.7 7.1 3.0 5,6 2.4 
CE 18.5 21.1 3.1 21.2 4.4 15.6 4.2 --- 3.7 

E x p e r i m e n t  liB. 5% L diet  

IB 0 TG 20.6  7.3 3.5 32.2 25.1 0 3.7 0 --- 
PL 23.8  6.0 19.3 15.2 12.8 0.9 10.2 5,4 .08 
CE 11.6 5.1 1.9 8.6 14,3 1.9 44 .2  0 .04 

2B .002 T G  19.2 7.8 2.5 30.9 31.3 0 2.9 0 --- 
PL 23.6  5.0 18.5 14.3 12.1 0 11.9 5,1 --- 
CE 11.6 8.6 3.2 8,3 15.2 1.0 41 .0  0 .02 

3B .004  T G  15.3 6.2 2.4 26.0 39.0 0 3.9 0 --- 
PL 21.7 5.4 16.9 15.9 15.7 0 8.7 4,9 --- 
CE 13.3 5.2 2,4 8.9 16.2 0.8 40 .3  0 .02 

4B .006  T G  17.2 7.0 2.4 26 .4  35.1 0 4.0 0 --- 
PL 21.6 6.6 16.1 16.2 13.9 0 9,6 4.2 --- 
CE 13.3 6.5 3.2 10.1 17.1 1.4 37.7 0 .04 

5B .008  T G  18.5 8.4 2.7 29 ,4  32,1 0 3.1 0 --- 
PL 24.9  8.0 16.3 17.4 9.1 0 8,4 4.3 --- 
CE 15.4 6.1 4.9 11.0 14.9 0 35,9 0 --- 

6B .01 T G  19.8 6.0 3.6 29.0 26.8 0 4.9 0 --- 
PL 20.6 6.1 t 8 .8  15.2 14.5 0 13.5 0 --- 
CE 12.3 6.4 3.4 9.1 17.4 0 43 .6  0 --- 

aT G  = t r ig lycer ide ,  PL = phosphol ip id ,  CE = choles tero l  esters.  

T A B L E  VI 

Major Fa t ty  Acid  Comp o s i t i o n  of  Lipids o f  E r y t h r o c y t e s  o f  
Male Rats Fed Diets  Vary ing  in L ino lea te  and  dl-c~-Tocopheryl Ace t a t e  C o n t e n t  

I 0 22.5 3.5 16.4 21.8 1.4 24 .4  4.6 5.3 
II  0 .25 24.2 2.8 18.8 19.0 2.9 12.8 14.3 0.89 
I I I  0 ,50  27 .2  2.2 19.2 16.9 2.9 8.4 18,2 0 .46  
I V I  t .0  27.2 3.7 18.2 16.3 3.7 7.2 19.0 0.38 
V 4 27 .4  2.3 14.1 13.1 7.8 5,5 25.5 0.22 
VI 5 26.1 2.2 18.4 11.6 7,7 4.3 23,7 0 .18  

B. E x p e r i m e n t  IIB. 5% L diet  

F a t t y  acids, % 
G roup  

no. T, % 16:0 16:1 18:0  18:1 18:2 20 :3  20 :4  2 0 : 3 / 2 0 : 4  

IB .0 29.1 4,5 14.7 16.9 6.6 3,6 8.8 0.41 
2B .002 21.1 2.2 14.1 18.4 9.2 4.9 14.6 0 .34  
3B .004  27.2 3,6 15.2 18.2 7.1 3.8 13.2 0.29 
4B .006  22.8  4.1 14.4 15.7 7.6 4 .4  16,I  0 .27  
5B .008 23.7 3.5 16.7 16.8 7.5 3.8 15.1 0.25 
6B .010  23.6  3.6 15.8 14.7 6.9 3.4 13.0 0 .26  

A. E x p e r i m e n t  I. 0 .01% T 

Fa t ty  acids, % 
G r o u p  

no.  L , %  16:0  16:1 18:0  18:1 18:2 2 0 : 3  20 :4  2 0 : 3 / 2 0 : 4  
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T A B L E  VII  

A. Major F a t t y  Acid  Co mp o s i t i o n  of  Liver 
Lipids of  Male Rats  Fed Diets Vary ing  in Linolea te  (L)  

VOL. 49 

E x p e r i m e n t  I. 0 .01% T 

Fa t t y  acids, % 
Group  

no.  L, % 16:0 16:1 18:0 18:1 18:2 20 :3  20 :4  2 0 : 3 / 2 0 : 4  

I 0 21.8 15.4 9.5 39.1 2.2 9,7 1.6 6.1 
II 0 .25  19,7 14.0 13.3 34.6 4.3 5.8 7.5 0 .77  
III  0 .50  20.9 13.4 13.4 33.5 4 .8  3,5 9.9 0.35 
IV 1.0 23 .9  13.7 13.4 33.2 5.3 0 9.8 --- 
V 4.0 21.7 9.3 15.9 24 .8  11.8 0 16.3 --- 
VI 5.0 24.5 9.4 14.4 20.7 13.1 0 17.8 --- 

B. Major F a t t y  Ac id  Co mp o s i t i o n  o f  Liver  Lipids 
o f  Male Rats Fed Diets Vary ing  in Linolea te  (L)  and  d l - a -Tocophe ry l  Ace ta t e  (T)  

Experiment I IA.  Fat - f ree  diet  

Fa t ty  acids, % 
G r o u p  

no.  T %  16:0  16:1 18:0 18:1 18:2 20 :3  20 :4  2 0 : 3 / 2 0 : 4  2 2 : 6  

1A 0 T G  3 0 , 1 ± 1 , 2  1 4 . 5 ± 2 . 6  1 . 3 ± 0 . 9  5 0 . 5 ± 3 . 9  1 . 9 ± 1 . 1  . . . . . .  --- 
PL 1 7 . 3 ± 2 . 8  6 . 7 ± 1 . 5  1 7 . 0 ± 2 . 0  2 4 . 3 ± 2 . 7  3 . 6 ± 1 . 2  1 8 , 8 ± 2 . 9  6 . 7 ± 2 . 2  2.8 
CE 1 5 . 9 ± 2 . 6  1 7 , 8 ± 2 . 9  5 . 2 ± 1 . 9  4 2 . 5 ± 3 . 8  5 . 1 ± 2 . 3  3 . 7 ± 1 . 9  1 . 2 ± 1 . 0  3.1 

6A .010 T G  3 0 . 4 ± 2 . 7  1 5 . 4 ± 0 . 6  2 . 1 ± 2 . 0  4 7 . 1 ± 3 . 2  2 . 4 ± 1 , 4  . . . . . . . .  
PL 1 7 , 5 ± 2 . 3  7 . 2 ± 1 . 9  1 8 . 1 ± 3 . 9  2 3 . 0 ± 3 . 7  3 . 7 ± 1 . 3  1 7 . 7 ± 1 . 6  8 . 3 ± 2 . 3  2.1 
CE 1 9 . 1 ± 2 , 1  1 8 . 0 ± 6 . 0  4 . 9 ± 1 . 5  3 3 . 1 ± 7 . 0  7 . 1 ± 3 , 0  5 , 5 ± 3 . 6  2 . 3 ± 1 . 4  2.4 

E x p e r i m e n t l I B .  5 % L  

IB 0 T G  3 9 . 5 ± 1 . 3  9 . 0 ± 1 . 4  7 . 6 ± 1 . 0  3 2 . 1 ± 1 . 9  8 . 7 ± 2 , 0  --- Trace  --- 
PL 1 9 , 2 ± 2 , 0  3 . 3 ± 0 . 9  2 6 . 0 ± 1 . 6  1 2 . 8 ± 1 . 9  1 1 . 1 ± 1 . 3  Trace  1 8 . 6 ±  1.7 --- 4 . 7 ± 0 . 8  
CE 2 8 . 0 ± 3 . 2  1 6 . 6 ± 1 . 1  1 4 . 6 ± 1 . 9  2 3 . 1 ± 2 . 4  7 . 5 ±  1,5 --- 4 . 3 ± 2 . 0  . . . . . .  

2B .002 T G  3 8 . 0 ± 3 . 0  9 . 8 ± 2 . 0  5 . 1 ± 1 . 8  3 4 . 1 ± 2 . 0  9 . 4 ± 2 . 4  --- 1 . 0 ± 0 . 7  . . . . . .  
PL 1 7 . 1 ± t . 2  2 . 9 ± 0 . 9  2 0 . 9 ± 3 . 5  1 2 . 0 ± 1 . 7  1 0 . 2 ± 1 . 4  Trace  2 4 . 1 ± 4 . 6  --- 6 . 8 ± 1 . 0  
CE 2 3 . 7 ± 2 . 9  1 4 . 4 ± 2 . 5  1 2 . 5 ± 1 . 6  2 3 . 2 ± 2 . 4  9 . 6 ± 1 . 2  --- 8 . 3 ± 1 . 4  . . . . . .  

3B .004 T G  4 2 . 4 ± 3 . 8  9 . 2 ± 3 . 0  4 . 3 ± 0 . 9  3 1 . 8 ± 2 . 9  9 . 9 ± 4 . 1  --- 2 . 7 ± 1 . 3  . . . . . .  
PL 1 3 . 9 ± 1 . 0  3 . 5 ± t . 0  2 0 . 8 ± 1 . 5  1 1 . 9 ± 1 . 5  1 1 . 5 ± 0 . 8  Trace  2 9 . 4 ± 1 . 7  --- 6 . 3 ± 1 . 0  
CE 2 9 . 3 ± 3 . 5  1 0 . 4 ± 2 . 8  7 . 6 ± 2 . 3  2 5 . 8 ± 1 . 6  1 1 . 8 ± 4 . 0  .-- 7 . 7 ± 2 . 3  . . . . . .  

4B .006  T G  4 0 . 2 ± 2 . 8  7 . 8 ± 1 . 6  4 . 8 ± 1 . 7  3 5 . 4 ± 4 . 4  9 . 1 ± 1 . 0  --- 1 . 4 ± t . 9  . . . . . .  
PL 1 6 . 2 ± 2 . 9  4 . 1 ± 1 . 8  2 2 . t ± 2 . 6  1 1 . 9 ± 2 . 0  1 1 . 6 ± 1 . 2  Trace  2 2 . 7 ± 4 . 5  --- 5 . 2 ± 1 . 2  
CE 2 7 . 1 ± 3 . 8  1 1 . 6 ± 3 . 5  1 1 . 6 ± 2 . 0  2 3 . 7 ± 2 . 3  1 0 . 5 ± 1 . 9  --- 1 0 . 9 ± 1 . 9  . . . . . .  

5B .008  T G  3 9 . 2 ± 1 . 6  9 . 3 ± 3 . 2  5 . 9 ± 2 . 7  3 3 . 3 ± 4 . 4  1 0 . 1 ± 1 . 8  - -  1 . 7 ± 2 . 0  . . . . . .  
PL 1 6 . 0 ± 2 . 4  3 . 1 ± 0 . 5  2 3 . 5 ± 2 . 5  1 2 . 0 ± 1 . 6  1 2 . 0 ± 0 . 4  Trace  2 2 . 7 ± 4 . 0  --- 5 . 7 ± 1 . 6  
CE 2 2 . 6 ± 3 . 0  1 1 . 7 ± 2 . 4  1 0 . 3 ± 1 . 8  2 3 . 1 ± 1 . 9  1 3 . 9 ± 3 . 0  --- 1 3 . 0 ± 1 . 9  . . . . . .  

6B .010  T G  3 2 . 2 ± 4 . 0  8 . 2 ± 3 . 3  9 . 0 ± 2 . 7  3 0 . 6 ± 3 . 6  1 2 . 6 ± 2 . 4  --- 6 . 0 ± 4 . 1  . . . . . .  
PL 2 4 . 5 ± 1 . 6  3 . 0 ± 1 . 4  2 1 . 4 ± 1 . 6  1 0 . 5 ± 1 . 2  1 0 . 5 ± 1 . 2  Trace  3 0 . 3 ± 4 . 1  --- 6 . 1 ± 1 . 0  
CE 2 3 . 3 ± 5 . 6  1 2 . 8 ± 0 . 9  9 . 4 ± 2 . 8  2 6 . 3 ± 5 . 1  9 . 7 ± 5 . 9  --- 1 1 . 8 ± 1 . 7  . . . . . .  

EFA-deficient state; under 0.4, EFA adequacy. Using this 
criterion it can be seen from the plasma fatty acids that the 
animals in Group II of Experiment I receiving the lowest 
EFA supplement (0.25%) are still EFA-deficient after 4 
weeks of linoleate supplementation of 50 mg per rat per 
day. Linoleate at 0.5% "alleviates the EFA deficiency. 

In Experiment lI linoleate in the diet increases both the 
linoleate and arachidonate components of the plasma 
triglycerides at the expense of primarily oleic and palmit- 
oleic acids. The tocopherol content of the diet has little 
effect on the fatty acid composition of the triglyceride 
fraction. In the phospholipid fraction similar effects are 
observed; the linoleate-containing diet increases the amount  
of linoleate and arachidonate, and decreases the oleic and 
eicosatrienoic acid levels. Again the tocopherol content of 
the diet has little effect on the fatty acid composition. 
Differences in l i n d  patterns are apparent between triglyc- 
erides and phospholipids; triglycerides are low in stearic 
acids, high in oteic and linoleic acids; phospholipids are high 
in stearic acid and high in the more polyunsaturated acids, 
C22:4 and C22:6. The characteristic fatty acid and the one 
occurring in most abundant quantities in cholesterol esters 
is arachidonic acid. Here again there is no significant effect 
of the amount of tocopherol in the diet. 

Red cell lipids are predominantly phospholipids; these 
lipids change more slowly than do plasma lipids. It has been 
proposed that equilibrium between dietaPy fatty acids and 

erythrocyte fatty acids in the non-EFA-deficient organism 
is not complete until  after 4-6 weeks (27). In the deficient 
animal which has immediate requirements for EFA, this 
equilibrium is probably achieved in a much shorter period 
of time. An examination of the fatty acid composition of 
erythrocytes reveals a pattern similar to plasma in certain 
respects, and different in others (Table Vl). The erythro- 
cyte lipids of the fat-free animals are low in linoleic (18:2) 
and arachidonic (20:4) acids, high in oleic (18: 1), palm±tic 
(16:0) and eicosatrienoic (20:3) acids. Similar results were 
reported by Walker and Kummerow (30) studying the fatty 
acid composition of erythrocyte lipids of rats fed diets low 
in essential fatty acids. But whereas the plasma under the 
present conditions of test has considerable patmitoleic 
(16:1) and less of stearic acids (18:0), the erythrocytes 
have little pal mitoleic (16: 1) and have considerable stearic 
acid content. Essential fatty acid supplementation results in 
decreases in oleic and eicosatrienoic acids, and increases in 
arachidonic and linoleic acids. Palmitoleic, palm±tic and 
stearic acids remain relatively unchanged. An examination 
of the triene-tetraene ratios reveals that in this test a value 
of below 0.4 is not achieved until the animal received a 
linoleate supplement of 200 gm/day or 1% L in the dietary 
intake (Group IV). 

In Experiment II the arachidonic acid content of the 
erythrocyte lipids of the rats receiving no tocopherol in 
their diet is lower than those receiving even the lowest 
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TABLE VIII 

Fatty Acid Composition of Brain Phospholipids of Male Rats Fed Diets 
Containing Varying Levels of Linoleate (L) and dl-a-Tocopheryl Acetate (T) 

Fatty acid, %b 

Weight of TBA Higher poly- 
T, % organ, g value a 16:0 16:1 18:0 18:1 20:3 20:4 unsaturates c 20:3/20:4 

F a t f f e e ~ e t  

0 1 .45±0.6  .426 21.9±l .6d,e , f ,g  0 .7±0 .2  i 17.1±1.1 20 .8±1 .0  
.002 1.47± .05 .439 16.1±0.7 1 .0±0.5 17.6±0.2  19 .8±1.3  
.004 1 .47± .08 .290 13 .8±1.8  d 6 .1±1 .0  i 19.2±5.3  18 .4±3.8  
.006 1.48± .04 .438 13.3±0.5 e 6 .5±2 .2  19.0±1.4  18.8±1.1 
.008 1.42± .07 .456 11.4±0.9  f 4 .6±1 .4  20 .2±0.9  17.2±3.1 
. 0 1 0  1 . 4 2 ±  . 10  .169 14.1±1.5g 6 .9±2 .6  20 .0±4.9  22 .4±3 .4  

5%Linoleatediet  

0 1.48± .14 .287 18.0±2.3  h 1.2±0.7J 17.6±1.5 19.0±1.9  
.002 1.51± .07 .201 21 .6±4.2  1 .2±0.5 17.8±3.0  18.0±2.6  
.004 1 .46± .06 .243 15 .6±2.3  2 .6±0 .4  19.6±1.9 19.3±2.4  
.006 1.51± .17 .260 13.1±2.5 5 .3±1 . I J  20 .4±0.5  15.9±3.5 
.008 1.53± .09 .220 15.1±0.8 6 .0±0 .3  18.6±0.7 16.6±1.1 
.010 1.52± .09 .10l 10.7±1.2 h 5 .9±1 .3  19.9±1.5 17.5±2.4  

4 .0±0 .2  7 .0±1.1  13.6 0.57 
4 .8±0 .7  7 .2±0 .6  19.0 0.67 
4 .1±0 .3  6 . 5 ± 0 . 9  17.0 0.63 
4 .3±0 .3  6 .7±0 .9  19.5 0.64 
4 .6±0 .5  7 .6±1 .4  21,4 0.60 
3 .9±0.9  7 .6±1.1  17.9 0.51 

2 .0±0 .6  8 .4±1 .0  18,0 0.24 
1 .8±0.3  8 .8±0 .4  18.1 0.20 
2 .0±0 .4  9 .0±1 .8  19.8 0.22 
2 . 2 ± 0 . 3 1 0 . 2 ± 0 . 8  21.8 0.22 
1.7±0.2 9 .4±0 .4  20.9 0.18 
1 .8±0 .3  9 .5±1.1  20.7 0.19 

aAbsorbance at 530 m#. 
bOnly traces of 18:2 were present. 
c22: 3, 22:4, 24:2, 22:6. 
d,e,f,g,h,iMatched superscripts indicate significant differences between values at p ~ .005. 

t o c o p h e r o l  s u p p l e m e n t  of  ,002% (8.8 vs. 14.6%). Addi-  
t ional  t o c o p h e r o l  s u p p l e m e n t s  do n o t  resul t  in f u r t he r  
changes.  These data  do n o t  agree wi th  the  r epor t  of  Jager  
and  Hou t smu l l e r  (12)  t ha t  the  c o m p o s i t i o n  of e r y t h r o c y t e  
lipids is no t  i n f l u e n c e d  by v i t amin  E c o n t e n t  of  the  diet  and  
on ly  m o d e r a t e l y  by the l inoleic acid c o n t e n t ,  t t oweve r  the  
diets  these  workers  used  c o n t a i n e d  17.8% fat wi th  0.27 
wt% of  l inoleic  acid as the  lowes t  t inoteic  acid value. Bieri 
and  P o u k k a  (24)  also r e p o r t e d  t ha t  feeding d i f fe ren t  levels 
of  0t- tocopherol  wi th  e i the r  h y d r o g e n a t e d  c o c o n u t  oil a lone 
or h y d r o g e n a t e d  c o c o n u t  oil m ix tu re s  wi th  e i the r  s t r ipped  
lard or  s t r i pped  c o r n  oil, t o  provide  t in0Ieate  at  0 .23% and 
1.1% in the  diet ,  had  no  e f fec t  on the  red cell fa t ty  acid 
pa t te rns .  The level of  l ino lea te  (5%) in our  diets,  however ,  
was cons ide rab ly  h igher  t han  t ha t  used  in this  e x p e r i m e n t  
done  by these o the r  invest igators .  

The l iver to t a l  l ipid f a t ty  acid p a t t e r n  (Table  VII)  is 
qual i ta t ive ly  s imilar  to  the  p lasma l ip id  f a t ty  acid p a t t e r n  
(Tab le  V). In E x p e r i m e n t  I the  EFA-de f i c i en t  an imals  are 
low in l inoleic and  a rach idonic  acids, h igh  in oleic, pa lmi t ic ,  
pa lmi to le ic  acids,  and  relat ively h igh in e icosa t r ienoic  acid 
a l t h o u g h  m u c h  less of  this  acid is p re sen t  here  t han  occurs  
in p lasma and  red b l o o d  cells l ipids.  L inolea te  s u p p l e m e n t a -  
t ion  causes an i m m e d i a t e  increase  in a rach idon ic  acid,  
fo l lowed  by an increase  in l inoleic acid.  Pa lmi t ic  acid 
remains  relat ively c o n s t a n t .  Stearic acid increases wi th  the  
lowes t  l ino lea te  s u p p l e m e n t  and  remains  at a c o n s t a n t  level 
regardless of  the  increas ing  l ino lea te  s upp l em en t s .  Pa lmi to -  
leic and  oleic acids decrease and  the  e ieosa t r ienoic  acid 
disappears  in animals  given the s u p p l e m e n t  of  200  mg 
l ino lea te  per  day.  A value be low 0.4 for  the  t r i ene - t e t r aene ,  
ind ica t ing  recovery  f rom essent ia l  f a t ty  def ic iency ,  is 
achieved by the  l inolea te  ~upp lemen t  of  100 mg per  ra t  pe r  
day (0.5% in the  d ie tary  in take ) .  

Doubl ing  the  l ino lea te  c o n t e n t  of  the  diet  to  200  mg pe r  
ra t  pe r  day (1%) resu l ted  in no  change  in the fa t ty  acid 
c o m p o s i t i o n  of  the  l ipids o t h e r  t han  c o m p l e t e  disappear-  
ance  of the  e icosa t r i eno ic  acid. Increas ing  the  l ino lea te  to  
4% in the  diet  doub l ed  b o t h  the  l ino lea te  and  a r a c h i d o n a t e  
c o n t e n t  of  the  Iipids at  the  expense  of  16:1 and  18:1.  
Inc reas ing  the  l ino lea te  f u r t h e r  to  5% resu l ted  in only  
rain or changes ,  

In E x p e r i m e n t  II in an imals  fed the  fat-free diet  there  
were no  changes  in f a t ty  acid c o m p o s i t i o n  in t r ig lycer ide ,  
phospho l ip ids  or  cho les t e ro l  esters  a t t r i b u t a b l e  to  the  

p resence  of increas ing  levels of  t o c o p h e r o l  in  the  diet .  When 
5% t inolea te  was inc luded  in the  diet ,  the  fa t ty  acid 
c o m p o s i t i o n  of  the  t r ig lycer ide  f rac t ion  changed  in the  
d i rec t ion  of  increased stearic,  l inoleic  and  a rach idonic  acids, 
and  decreased  pa lmi to le ic  and  oleic acids;  no  changes  
a t t r i b u t a b l e  to the  t o c o p h e r o l  c o n t e n t  of  the  diet  were 
observed.  However ,  in the case of  the  phospho l ip ids ,  
increas ing  the  t o c o p h e r o l  c o n t e n t  of the  diet  leads to a 
s ignif icant  increase  in a rac thdonic  acid. In the  case of  the  
choles tero l  esters,  s t r ik ing  increase  in a rach idon ic  acid 
occurs  at an i n t a k e  of  0 .006% T in  the  diet .  

In  sub jec t ing  various t issues of  the  animals  fed the  diets  
i nd ica t ed  in E x p e r i m e n t  II to analysis  for  peroxides  by the  
t h ioba rb i t u r i c  acid m e t h o d  (31) ,  the t issues e x a m i n e d ,  i.e., 
testes,  k idney ,  and  liver,  had  very low TBA values (mea-  
a~red by a b s o r b a n c e  at 540  m~t) ranging f rom 0.03-0 .22 
wi th  no  co r re la t ion  ev iden t  wi th  regard to t o c o p h e r o l  level 
w i th  or w i t h o u t  the  added  l ino lea te .  However  the  values for  
bra in  ( r e p o r t e d  in Tab le  VIII  a long wi th  the  fa t ty  acid 
c o m p o s i t i o n  of  bra in  phospho l ip ids )  were cons ide rab ly  
higher .  I t  can  be seen t ha t  d l -a - tocophery l  ace ta te  at 0 .01% 
was necessary to reduce  TBA values in bra in  l ipids,  
especial ly in those  animals  fed the  fat-free diet .  When the  
fa t ty  acid c o m p o s i t i o n  o f  the  bra in  phospho l ip id s  were 
examined ,  only  t races of  l ino lea te  were p resen t  in all groups  
of  animals ;  decreases in 16 :0  and  increases in 16:1 were 
appa ren t  in the  fat-free group when  the  t o c o p h e r o l  c o n t e n t  
was increased  f rom 0-0.004%. In the  b ra in  l ipids of  an imals  
fed l inoleate ,  d l - a - tocophery l  ace ta te  at 0 .01% e f fec ted  a 
decrease in 16:0 ,  bu t  as l i t t le  as 0 .006% was effect ive in 
br ing ing  a b o u t  a s ignif icant  increase  in pa lmi to l ea t e  (16 :1 ) .  
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