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ABSTRACT 

In a long-term multigeneration study, conducted 
in our laboratories for 32-years,  with occasional 
longevity and histopathological evaluations included, 
rats of our own inbred strain (originally of Wistar 
derivation) were fed semisynthetic diets comprising 
whole wheat, skim milk powder, and fat in the form 
of margarine products. The total source of tocoph- 
erols was the dietary fat itself. Saturated fatty acid 
content (S) remained relatively constant at about 20% 
of the fat and total tocopherol level also remained 
constant at about 0.12% of the fat. Polyunsaturated 
fatty acid (P) content, however, progressively increased 
almost fourfold, from 7.5% to 28.5% and alpha- 
tocopherol levels decreased to one-half level, "~rom 
0.033% to 0.016% of the fat. Hence, the ratio of 
polyunsaturated fatty acids to alpha-tocopherol con- 
tent changed markedly from 227:1 to 1780:1, with 
other factors (relative to fat composition) held 
constant during the 32-year period of feedings and 
observations. Fat level in the diet increased over the 
years from 9.2% to 16.0% or from about 21% to 
about 33% of the caloric intake. Thus, quality and 
quantity of the fat in the diet progressively changed, 
and the impact of these changes was evaluated by 
comparing biological performances of the successive 
generations. Growth and reproduction and lactation 
performances were noted to be regularly satisfactory 
and comparable from generation to generation 
throughout the experimental period. Longevity 
studies conducted on arbitrarily selected generations 
also provided data showing no deleterious effects 
associated with a dietary change. Histopathological 
examinations of tissue revealed minimal myocarditis 
and no malignant tumors which could be attributed 
to a dietary factor. No vitamin E deficiencies were 
observed. Even the in vitro peroxide hemolysis values 
for the red blood cells of the animals, fed the diets 
containing the higher levels of polyunsaturated fatty 
acids, were low, indicating that the dietary fats 
provided sufficient absorbable tocopherol to protect 
the potentially oxidizable unsaturated fatty acids in 
the erythrocyte membrane. Biochemical data re- 
flected responses to aging and not  to any specific diet 
fed. It is concluded that a diet providing as much as 
33% of the calories as a fat, the latter containing up 
to 28.5% polyunsaturated fatty acids, substantially of 
the essential fatty acid type, with a P/S ratio of up to 
1.6:1 and a polyunsaturated fatty acid to alpha- 
tocopherol ratio as high as 1780:1 produces no 

1presented in part at a symposium entitled "Long Term 
Nutritional Effects of Dietary Fats" at the International Society for 
Fat Research World Congress, September 30, 1970, Chicago, 
Illinois. 
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undesirable effects in the rat. 

I NTRODUCTI  ON 

In 1957, a third report from our laboratory describing 
the satisfactory nutri t ion status of our rats, maintained for 
46 generations on a modified Sherman diet containing 
skimmed milk powder and partially hydrogenated vegetable 
margarine fat, was published (1). This report included data 
on physiological and biochemical indices, i.e. growth, 
reproduction, longevity, and cholesterol levels in liver and 
plasma; all values were within normal ranges and were 
comparable to data presented earlier (2). 

In recent years much research has appeared on the role 
of fat in the diet, especially concerning the etiology of the 
disease atherosclerosis. The value of fats containing in- 
creased amounts of polyunsaturated fatty acids in reducing 
hypercholesterolemia and therefore possibly in reducing the 
incidence and severity of coronary artery disease has been 
documented in many reports (3-9). However, there are still 
unresolved questions. Of considerable importance is to 
determine what constitutes an optimal amount of polyun- 
saturated fatty acids in the diet, what is the optimal ratio of 
polyunsaturated to saturated fatty acids in the diet; and 
whether the introduction of additional quantities of poly- 
unsaturated fat products increases the requirement for 
antioxidants, specifically the tocopherols (10-13) or is in 
any way detrimental to the organism. Two recent papers 
(14,15) have reviewed the published evidence and con- 
cluded there are no hazards involved in the proposed and 
attainable dietary modifications for the control of the 
serum cholesterol levels. Recent papers from this laboratory 
have dealt specifically with dietary fat composition and 
tocopherol requirements; they have indicated that suffi- 
cient antioxidant protection is afforded naturally in unsatu- 
rated fat products which are commercially available 
(16,17). 

During the years, the type of margarine fat used in our 
continuing multigeneration and longevity studies has been 
modified to reflect the changes which have taken place in 
product development and manufacture; the principal 
change in recent years has been an increase in the 
polyunsaturated fatty acid content. In this presentation are 
reported the results of feeding these newer fats to rats as 
evaluated by weight gain, reproduction and lactation 
performances, longevity, biochemical analyses, and histo- 
pathological examinations. In addition, level of fat in the 
diet also was increased to a level providing about 33% of 
the calories as the test fat. The total source of tocopherols 
was the dietary fat itself. 

MATERI  ALS AND METHODS 

The animals used in our experiments are an inbred 
strain, originally of Wistar derivation, then designated as 
USC rats and now referred to, for purposes of convenience, 
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TABLE I 

Composition of Diets 

Component MM (%) 
Group 

MM and MC (%) MMM and MCC (%) 

G r o u n d  w h o l e  wheat 66.5 64.5 59.7 
Skim milk powder 23.3 23.3 23.3 
Sodium chloride 1.0 1.0 1.0 
Margarine fat a 9.2 11.2 16.0 
% of Calories as fat 21 25 33 

aBut fed as margarine, with an average of 1200 USP units of vitamin D included per 
pound of product. 

as A-S rats. The compositions of the several diets fed are 
shown in Table I. Descriptions of the various margarine fats 
used in the diets are summarized in Table II; the feeding 
schedules also are shown. For conducting tests on the fats 
by the more reliable modern methods of analyses, it was 
necessary to prepare duplicates of the fats fed during the 
earlier periods of this long-term investigation. 

Generations MM 1-26 were given a diet containing 9.2% 
margarine fat, discounting the moisture contributed by the 
margarine. Starting with generation MM 27, the amount of 
margarine fat was increased to 11.2%. The margarine oil in 
the margarine fed to the rats unti l  the 44th generation was 
a commercial vegetable oil consisting of equal parts of 
soybean oil and cottonseed oil, each hydrogenated directly 
to margarine constants. Fatty acid composition is shown in 
Table II. This product also contained 35.3% t r a n s  acids and 
some polyene isomers, i.e. the difference between total 
polyunsaturated fatty acids and the essential fatty acid 
(EFA) values. In generation 44, margarine with a revised 
formula for greater plasticity and with an increase of EFA 
to 6.5% was incorporated into the diet. This product also 
provided about 35% t r a n s  acids and polyene isomers also 
were present to a signifiant degree. 

Further dietary changes occurred with generation MM 
61, when the EFA of the margarine fat was increased to 
27%. Just before that time, another multigeneration experi- 
ment, series MC, had been initiated using another margarine 
product with liquid corn oil as the major ingredient (24). 
These liquid oil products contained only 20% t r a n s  acids 
and no isomers of the polyunsaturated fatty acids (24). 
After attaining the 75th generation of MM and the 15th 
generation of MC, these series were terminated and 2 other 
series, MMM and MCC, were initiated in 1961. In these 
latter multigeneration experiments, the dietary concentra- 
tion of the respective hydrogenated margarines was in- 
creased to 16.0%, equivalent to 33% of the caloric intake, 
to more closely reflect the recommended fat intake for 
human ingestion proposed by the American Heart Associa- 
tion and the Council on Food and Nutrition (3,4). The 
MMM and MCC series are similar in EFA content (27.5 vs. 
28.0%); however, the MMM series contain margarine fats 
made with either liquid non-hydrogenated cottonseed oil or 
liquid non-hydrogenated soybean oil as the major ingredi- 
ent, whereas the margarine fat in the MCC series is made 
with liquid non-hydrogenated corn oil as the major ingredi- 
ent. 

The tocopherol content  of these fat products, and also 
the ratio of the polyunsaturated fatty acids (P) to tocoph- 
erol (T), content  also is shown in Table II. It can be seen 
that the concentration of polyunsaturated fatty, acids in 
the diets fed, increased to a greater extent than did the 
tocopherol content  particularly in the c~-tocopherol; and 
therefore, the ratio of P/T also increased to a greater extent 
than did the ratio of P/T total. 

Table III shows the growth of male and female rats of 
representative generations throughout the study; it can be 
seen that the gain in weight is rather reproducible with 
inconsistencies due to seasonal variations and the unfortu- 

nate presence at times of a chronic respiratory infection. 
However, the weights (Table III) at 10 weeks are rather 
consistent although the animals fed the MC and MMM diets 
are slightly heavier than the others due to the higher food 
intake. However, tibiae lengths measured on male rats, 
which is perhaps a better index of actual growth rather than 
of stored adipose tissue, are very similar in all generations. 

Reproductive performance of representative generations 
of our early studies and more recent experiments is shown 
in Table IV; reproduction and lactation continue to be very 
satisfactory with variations due to seasonal changes. 

Results of longevity studies done on randomly selected 
generations are shown in Table V. Although our colony 
suffers from a chronic respiratory infection which occasion- 
ally interferes with longevity, survival for the most part is 
good. At 75% mortality, animals were killed, and various 
biochemical and/or histopathological analyses were per- 
formed. Biochemical data, i.e. total cholesterol determina- 
tions in plasma and liver, moisture, and protein analyses, 
are reported in Table VI. Although comparisons of data are 
complicated by the fact that the results are on animals of 
different ages, plasma cholesterol levels seem to increase 
with age and not with the specific diet fed. This agrees with 
earlier work by Keys, et al. (25). Carcass moisture content 
is remarkably constant and per cent protein in carcass is 
similar in all groups. Total liver cholesterol values are also 
comparable in all groups and are very similar to results 
obtained in our colony when rats are fed laboratory chow 
diets. 

In vitro hemolysis tests using hydrogen peroxide (26) 
were done on erythrocytes of male rats of generations MM 
70, MC 10, MMM 17, and MCC 17. The P/T of the 
margarine fat fed to rats of group MM 70 was 794:1; of MC 
10, 1781:1; of MMM 17, 1375:1; and of MCC 17, 1781:1. 
The ratio of P/T was 229:1, 190:1, 222:1, and 190:1 
respectively. Hemolysis values ranged from 0 to less than 
10% in all cases indicating that there was sufficient 
absorbable tocopherol to protect the potentially oxidizable 
unsaturated fatty acids in the erythrocyte membrane 
against oxidation. This is not  surprising in view of the fact 
that previously we have found low hemolysis values (5.5%) 
with a PIT ratio of 2500:1 in the diet (27). Others have 
recently reported (28) that, with the ingestion by rats of 
oxidized fats to the point of toxicity, there was no effect 
on the susceptibility of erythrocytes to hemolysis which 
might indicate a need for additional vitamin E; indeed, the 
vitamin did not  appear to have any effect on the toxic 
reactions of oxidized fats. 

Periodic histological examinations of tissues of animals 
in this multigeneration experiment have not  revealed the 
presence of abnormalities attributable to any dietary 
component. When the multigeneration experiment was 
initiated, the tissues-brain, heart, lung, spleen, stomach, 
testes-ovaries, small intestine, large intestine, liver, pancreas, 
adrenal, k i d n e y - o n  17 animals were examined, 9 of which 
had died previous to the sacrifice at the end of the 2-year 
experimental period. The 9, which died after 40, 57, 60, 
69, 71, 78, 80, 82, 93 weeks respectively, due primarily to 
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T A B L E  III 

G r o w t h  o f  Ra t s  o f  R e p r e s e n t a t i v e  Generations 

Weigh t  a t  9 0  d a y s  (g.)a  Tibia  l e n g t h  ( r a m )  

G r o u p  G e n e r a t i o n  Males Females  Males 

MM 4 0  2 9 0  2 0 0  37 .2  
MM 6 0  2 7 0  1 6 0  37 ,4  
MM 70  2 5 9  2 0 2  37 .5  
MM 75 3 1 0  2 1 2  - -  

MC 10 252  1 8 8  37 .5  
MC 15 2 6 9  2 0 2  --- 

MMM 5 283  2 1 9  --- 
MMM 10 2 9 9  2 1 2  37 ,8  
MMM 15 2 4 7  1 8 8  --- 
MMM 2 0  3 1 4  2 0 9  37 .7  
MMM 25  2 7 8  2 0 9  - -  

MCC 3 2 6 8  1 9 3  --- 
MCC 10 2 5 8  185  37 .5  
MCC 15 2 6 0  183  - -  
MCC 2 0  2 7 4  192  37 .6  
MCC 25 2 3 2  1 7 4  - -  

a G r o u p s  o f  males  c o n t a i n e d  12 r a t s  e ach  a n d  g r o u p s  o f  f e m a l e s  c o n t a i n e d  2 4  ra t s  each ,  

T A B L E  IV 

R e p r o d u c t i o n  P e r f o r m a n c e  o f  R e p r e s e n t a t i v e  G e n e r a t i o n s  

G r o u p  G e n e r a t i o n  

B o d y  w e i g h t  a t  Average  w e i g h t  o f  
b r e e d i n g  Success fu l  w e a n l i n g s  

( F e m a l e s )  p r e g n a n c i e s  No .  o f  r a t s  (21 d a y s )  
(g.) % per  l i t te r  (g.)  

No.  o f  
w e a n l i n g s  a 

MM 4 0  1 9 8  6 5  8.2 
MM 65  2 1 6  85  12 .0  
MM 7 0  2 1 5  80  8.9 
MM 7 4  2 1 8  100  10 .9  

MC 5 1 9 9  90  9 ,0  
MC 10  1 9 9  80  9 .6  
MC 14  2 0 2  1 0 0  9 .7  

MMM 5 2 1 7  75 8 .6  
MMM 1 0  2 2 3  95  8.1 
MMM 15 187  85 8 .6  
MMM 2 0  2 2 4  75 10.1 
MMM 25 2 1 4  9 0  11.1 

MCC 5 1 9 4  95  9 .2  
MCC 10  1 9 0  1 0 0  9 .2  
MCC 15 190  7 0  7 .8  
MCC 2 0  195  95 10.7  
MCC 2 5  185  95  10 .2  

35 .5  
35 ,6  
35 .2  
37 .4  

36 .6  
36 .0  
37 .7  

4 1 , 8  
38 .3  
34.1 
37.1  
33 .7  

40 .5  
4 0 . 5  
38 .9  
37 .0  
34.1 

7 2  
84  
7 4  

123  

63 
101 
123  

72  
100  

93  
92 

119  

126  
126  

81 
1 2 8  
124  

a A t  3 d a y s  o f  age l i t t e r s  we re  c u t ,  w h e r e  poss ib le ,  to  7 p u p s  pe r  l i t te r .  

T A B L E  V 

L o n g e v i t y  S t u d i e s  o f  R e p r e s e n t a t i v e  G e n e r a t i o n s  o f  Ra t s  

% Surviva l  

G r o u p  No.  o f  an ima l s  75% a 50% 2 5 %  
g e n e r a t i o n  a t  s t a r t  w e e k s  weeks  w e e k s  

MM 3 4  Males 12 55 80 
F e m a l e s  17 7 4  101 

MM 75  Males 12 5 0  81 
Fema le s  2 4  64  80 

MC 15 Males 12 70  9 0  
Females  2 4  57  78  

MMM 2 Males 12 71 83  
Females  33  7 4  93  

MMM 5 Males 12 36 78  
Females  2 4  23 59  

MMM 10  Males 12 43  65  
Females  24  38  83 

MMM 17 Males 12 7 7  83  
Females  24  74  93  

MCC 17 Males 12  9 9  105  
Fema le s  2 4  83 95 

106  
112  

84  
100  

92 
92  

9 6  
99  

87  
8 9  

90  
89  

9 8  
102  
111 
1 0 4  

a W e e k  a t  w h i c h  % surviva l  was  r e a c h e d .  

b A n i m a l s  k i l l ed  f o r  b i o c h e m i c a l  ana lys i s  o f  t i ssues .  

( 39% survival)  b 

( 3 3 %  surv iva l )b  
( 4 6 %  survival)  b 
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TABLE VI 
Biochemical Analysis on Male Rats of  Representative Generat ions 

Total cholesterol a Lipid (total) b Carcass 

Group Age Plasma Liver Liver Moisture Protein c 
designation weeks mg[lO0 ml mg/g mg/g % % 

M M 4 6 ( 1 2 )  d 15 51.5-+ 2.0 e 2 .03-+.04 c 40.8-+0.9 e 61.8 15.1 
MM 70 (12) 15 80.8 - -  - -  62.1 18.0 
MM 75 (3) 85 105.7 +- 21.9 1.62 • .56 - -  64.2 14.9 
MC 10 (12) 15 85.0 . . . . .  63.9 18.7 
MC 15 (5) 94 90.5 • 13.3 1.60 -+ .13 - -  57.4 14.4 
MMM I 0 ( 1 2 )  22 "/2.2• 3.6 1 .72-* .10  41.1 • 7.0 . . . . . .  
M M M 2 0 ( 1 2 )  15 51 .9•  2.8 1 .80-~.10 4 1 . 8 •  63.9 15.6 
M C C I 0 ( 1 2 )  22 77.4_+ 5.6 1 .68-+.13 43.7+-5.2  . . . . . .  
MCC 20 (12) 15 55.3 • 1.8 1.74 •  41.5 +- 1.2 62.3 15.0 
MMM 17 (4) 98 93.4 -+ 12.4 2.00 • .16 32.5 + 4.5 . . . . . .  
MCC 17 (4) 111 109.3 • 38.6 1.79 +- .27 32.2 + 7.3 . . . .  

aNieft, M.L., and H.J. Deuel, Jr. J. Biol. Chem. 177:143 (1949). 
bDetermined gravimetrically. 
CKjeldahl determinat ion on technicon autoanalyzer.  
dNumbers  in parentheses indicate number  of  animals on which determinat ions were done. 
elncludes the s tandard deviation. 

TABLE VII 

Gross Pathology Among  MMM Rats, Generations 2, 5, and 10 

No. of  rats with visible lesions a 

Age at 
sacrifice Liver Kidney Ovaries Pituitary 

Group No. rats (wks) testes 
Adrenals 

Males 
MMM 2 and 5 8 104 3 2 2 1 0 
MMM 10 8 52 0 0 0 0 0 
MMM 10 8 88 1 0 0 0 0 

Females 
MMM 2 and  5 12 104 3 3 3 3 0 
MMM 10 18 52 2 0 1 1 0 
MMM 10 11 88 3 0 2 5 1 

alncludes hemorrhagic spots,  mott l ing,  fluid accumulat ion etc. 

r e s p i r a t o r y  d i seases ,  e .g . ,  c h r o n i c  b r o n c h i t i s ,  b r o n c h i e c t a s i s ,  
s u p p u r a t i v e  b r o n c h i t i s ,  a n d  p n e u m o n i t i s  o f  v a r i o u s  t y p e ,  
a lso  e x h i b i t e d  o t h e r  p a t h o I o g y ,  e.g.  s o m e  m e t a s t a t i c  ca lc i f i -  
c a t i o n  a n d  t u m o r  f o r m a t i o n .  O f  t he  8 s u r v i v o r s  w h o  were  
k i l l ed  a f t e r  104  w e e k s ,  2 were  w i t h o u t  p a t h o l o g i c a l  
f i n d i n g s ;  4 a n i m a l s  h a d  l u n g  i n v o l v e m e n t ,  p r i m a r i l y  per i -  
b r o n c h i t i s  o f  p n e u m o n i t i s ;  2 h a d  m i n i m a l  i n t e r s i t i t i a l  
n e p h r i t i s ;  a n d  in  o n e  case  t h e r e  was  a f o c a l  m y o c a r d i t i s  (1 
l e s ion ) .  T h e  over-a l l  c o n c l u s i o n  o f  t h e  p a t h o l o g i s t  a t  t h a t  
t i m e  was  t h a t  t h e  a n i m a l s  e x h i b i t e d  s o m e  d i s e a s e d  t i s sue  
b u t  t h a t  t h i s  was  p r o b a b l y  a t t r i b u t a b l e  to  o ld  age r a t h e r  
t h a n  t o  d ie t .  

H i s t o p a t h o l o g i c a l  e x a m i n a t i o n  o f  t i s s u e s  o f  r a t s  o f  
s u b s e q u e n t  g e n e r a t i o n s  y i e l d e d  s i m i l a r  u n s p e c t a c u l a r  re- 
su i t s .  S u r v i v o r s  o f  t h e  l o n g e v i t y  e x p e r i m e n t  i n v o l v i n g  
a n i m a l s  o f  g e n e r a t i o n  MM 75  a n d  MC 15 w h i c h  w e r e  k i l l ed  
a f t e r  1 0 0  w e e k s  o n  t h e i r  r e s p e c t i v e  d ie t s  r e v e a l e d  l u n g  
c o n g e s t i o n  a n d  an  o c c a s i o n a l  m a m m a r y  t u m o r  b u t  n o  
s i g n i f i c a n t  l iver  p a t h o l o g y  or  i n t e r n a l  t u m o r s .  

G r o s s  a n d  h i s t o p a t h o l o g y  o f  t i s sue s  o f  r a t s  o f  M M M  2, 5, 
a n d  10  are  s h o w n  in  T a b l e s  VII  a n d  VII I .  A g a i n ,  l e s i o n s  
f o u n d  in  t h e s e  a n i m a l s  are  e s s e n t i a l l y  f u n c t i o n a l ;  t h e y  a re  
o b s e r v a b l e  m i c r o s c o p i c a l l y ,  a re  o f  u n k n o w n  s i g n i f i c a n c e ,  
a n d  s e e m  to  be  r e l a t e d  t o  t h e  a g i n g  p r o c e s s .  As  a r e s u l t  o f  
t h e  c o n t i n u i n g  n e g a t i v e  r e s u l t s  o f  h i s t o p a t h o l o g i c a l  e x a m i -  
n a t i o n s  t h r o u g h o u t  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n ,  t h e  
n u m b e r  o f  t i s s u e s  s e l e c t e d  f o r  e x a m i n a t i o n  was  g r a d u a l l y  
r e d u c e d .  

I n  v i e w  o f  r e p o r t s  l i n k i n g  f a t s  w i t h  h i g h  c o n c e n t r a t i o n s  
o f  p o l y u n s a t u r a t e d  f a t t y  ac ids  w i t h  a h i g h  i n c i d e n c e  o f  
f i b ros i s  ( 29 ) ,  t he  h e a r t s  o f  a n i m a l s  o f  M M M  17 a n d  MCC 17 
were  s u b j e c t e d  t o  h i s t o p a t h o l o g i c  e x a m i n a t i o n .  N o  a b n o r -  

TABLE VIII 

Histopathological Examinat ion  of Tissues 
of  MMM 2 and  5 a at 104 Weeks 

Males (8) b Females (12) 
Tissue No. of  animals No. of  animals 

pathology with lesion with lesion 

Liver 
Carcinoma 0 0 
Parenchymatous  nodules 1 0 
Cholangioma 0 1 
Focal a t rophy 2 1 
Hemorrhage of necrosis 0 2 

Pituitary 
Hyperplasia 0 0 
Adenoma 1 4 

Adrenal 
Channelizat ion 1 0 
Adenoma 1 2 

Thyroid (adenoma) 0 0 
Mammary Gland ( tumor)  - -  0 
Uterus ( tumors)  

Benign - -  1 
Adeno-carcinoma - -  1 

Ovary (cysts) - -  2 
Testes (a t rophy)  2 - -  
Kidney 

Pyelonephritis 2 2 
Tubular dilatation 2 0 

Stomach 
Gland dilatation 1 4 

aHistology of MMM 10 at 52 and 88 weeks revealed essentially 
normal  tissues in all cases. 

bNumbers  in parentheses are numbers  of  animals examined.  
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malities were found  in the hear ts  of  the females of  e i ther  
MMM 17 or  MCC 17. In the males, in 2 of  the 4 animals in 
MMM 17 and in 3 of  the 4 animals in MCC 17, there were 
no abnormal i t ies ;  male rats o f  MMM 17 had slight chronic  
interst i t ial  myocard i t i s ,  and 1 male rats of  MMM 17 and 1 
male rat o f  MCC 17 exh ib i t ed  ques t ionable  myocardi t i s .  
Since this slight degree of  myocardi t i s  had also been seen in 
the early stages of  this s tudy ,  when  a m u c h  more  sa tura ted  
margarine p roduc t  had  been  used in the  diet (7.5% P in the  
MM diet vs. 28% in the  MMM and MCC diets) ,  this inci- 
dence of  myocard i t i s  canno t  be a t t r ibu ted  to the  polyun-  
sa tura ted  fa t ty  acid c o m p o n e n t  of  the  diet.  

It is conc luded  that  a diet providing as much  as 33% of  
the calories as fat, the la t te r  con ta in ing  up to  28.5% 
po lyunsa tu ra t ed  fa t ty  acids, principal ly of  the essential 
fa t ty  acid type ,  wi th  a P/S ratio of  up to  1.6:1 and a 
po lyunsa tu ra ted  fa t ty  acid to  a lpha- tocophero l  ratio as high 
as 1780:1 p roduced  no  undes i rable  effects  in the rat. 
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