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ABSTRACT 

Groups of  40 male Charles River rats 
were fed diets conta ining co t tonseed  oil, 
olive off, corn oil, soybean oil, coconu t  
oil, chicken fat,  beef  fat,  bu t te r  off, lard 
and saturated medium chain triglycer/des. 
The fats were fed  fresh and after 40 hr 
aerat ion at 60 C, which hardly changed 
peroxide  values. In addit ion,  fresh and 
aerated soybean oil and lard were fed to 
W/Fu rats. Body weights and life span 
were significantly inf luenced by the kind 
of  fat fed, but  no t  by aeration. Many 
hearts exhib i ted  unspecif ic  focal myo-  
carditis and focal fibrosis. The lat ter  was 
graded in a blind test,  which revealed 
highly significant differences in the inci- 
dence of  severe lesions; those fed corn oil 
had the most ,  fo l lowed by co t tonseed  oil, 
soybean oil, olive oil, beef  fat,  saturated 
m e d i u m  chain triglycerides, but ter ,  
chicken fat and lard, in that  order. 
Feeding of  aerated fat  resulted in an 

1One of seven papers presented in the symposium 
"Biological Significance of Autoxidized and Poly- 
merized Oils," JOCS-AOCS Joint Meeting, Los An- 
geles, April 19"/2. 

increased incidence with  six of the eight 
fats. The W/Fu  rats had lower  incidences,  
but  those fed soybean oil had more  than 
those fed lard, and aeration led to a 
higher incidence.  Some heart  sections 
stained wi th  Light Green SF Yellowish 
revealed areas of  muscle fibrils that  did 
no t  accept  the stain, probably  as a conse- 
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TABLE I 

Analyses of One Batch of Fats Fed to Rats from Weaning 

Oil 

Epoxide 
Peroxide value, b 
value, a Meq oxirane 
Meq/kg oxygen/kg 

Carbonyl value, c Meq/kg 

Unsaturated Saturated Total 

MCT d 0.1 0 0.4 1.7 2.1 
Olive oil 

Fresh 1S.2 4 3.2 6.1 9.3 
Aerated 18.5 6 3.2 7.4 10.1 

Corn oil 
Fresh 1.9 3 7.3 4.1 11.4 
Aerated 4.0 3 7.1 3.6 10.7 

Cottonseed oil 
Fresh 7.8 5 6.0 0.8 6.8 
Aerated 6.7 9 7.1 3.4 10.5 

Soybean oil 
Fresh 1.0 0 3.0 2.6 5.6 
Aerated 2.3 0 2.9 3.0 5.9 
Irradiate d 2.3 0 2.1 7.2 9.3 

Beef fat 
Fresh 4.9 7 2.8 8.1 10.9 
Aerated 3.5 3 2.2 4.9 7.1 

Butter fat 
Fresh 1.0 0 1.7 8.4 10.9 
Aerated 2.5 0 1.7 6.7 8.4 

Chicken fat 
Fresh 1.9 1 0.6 2.9 3.5 
Aerated 4.3 1 0.6 3.5 4.1 

Lard 
Fresh 2.0 1 1.7 4.7 6.4 
Aerated 2.3 10 1.9 5.0 6.9 
Irradiate d 1.7 0 1.3 8.8 10.1 

aAOCS Official Method Cd 8-53. 
bFioriti et al., JAOCS 43:487 (1966). 
CFioriti, JAOCS 42:743 (1965). 
dSaturated medium chain triglycerides. 

quence  of  cel lular  damage.  Higher  inci-  
dences  of  th is  les ion were associa ted  wi th  
the  same fats  as was severe fibrosis,  and  
feeding of  ae ra ted  fats  led to  h igher  
inc idences .  Many  livers revealed m a r k e d  
p ro l i f e ra t ion  of  bile ducts .  The  groups  fed 
co t tonseed ,  soybean ,  olive and  corn  oils 
h a d  h igher  inc idences  of  severe lesions,  
and  feeding  of  the  ox id ized  oils led to  
still h ighe r  inc idences .  None  of  the  resul ts  
appea red  to  be associated w i t h  the  f a t t y  
acid c o m p o s i t i o n  of  the  fats,  wh ich  sug- 
gested t h a t  these  long  t e r m  effec ts  m a y  
have been  due to m i n o r  const i tuents  in 
the  indiv idual  fats.  

F o r  the  las t  25 years ,  var ious  s tudies  have 
been  u n d e r t a k e n  to  d e t e r m i n e  the  e x t e n t  to  
wh ich  changes  i n d u c e d  in  fats  by  t h e r m a l  or 
oxidat ive  t r e a t m e n t  wou ld  p r oduce  tox ic  ef- 
fects  in  an imals  fed  these  fats. In  the  early 
1950%, feeding  e x p e r i m e n t s  were carr ied ou t  
w i th  fa ts  t h a t  had  u n d e r g o n e  r a t h e r  severe 
damage by  hea t  or  o x i d a t i o n  (1,2) .  I n t e r e s t  

cen te red  on  sepa ra t ion  of  b r o a d  classes of  
c o m p o u n d s  p r o d u c e d  in such  fats. Some of  
these  groups  of  c o m p o u n d s  were so toxic  t ha t  
feeding s tudies  were necessar i ly  of  sho r t  dur- 
a t ion .  Rats  fed these  mater ia l s  exh ib i t ed  diar- 
rhea,  e d e m a  of  the  gut,  and  enlarged livers and  
k idneys  (3).  All of  this  a c c u m u l a t i n g  knowledge  
had  social consequences :  processors  of such  
foods  as p o t a t o  chips ,  F r e n c h  fr ied potatoes 
and o t h e r  deep-fr ied  foods  b e c a m e  m u c h  more  
careful  w i th  regard  to  h o w  long  t hey  used any  
one b a t c h  of  oil,  and,  at  the  same t ime ,  
m a n u f a c t u r e r s  o f  var ious  fats  and  oils and  of 
foods  c o n t a i n i n g  these  oils r o u t i n e l y  i nc luded  
a n t i o x i d a n t  in the i r  p roduc t s .  

F u r t h e r  inves t iga t ions  dea l t  w i th  possible  
ef fec ts  p r o d u c e d  by  fats  a f te r  o rd ina ry  cook ing  
p rocedure s  or a f te r  s torage.  In  general ,  i t  was 
f o u n d  t h a t  g r o w t h  and  life span  of  animals  fed 
such  fats  were n o t  adversely a f fec ted  (4-8).  
However  i t  was r e p o r t e d  t h a t  rats  fed mi ld ly  
ox id ized  beef  fat  appea red  to have less l inolea te  
in  their depo t s  than those  fed f resh  bee f  fa t  (9).  
F u r t h e r m o r e  i t  was observed  t h a t  feeding of  
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TABLE II 

Composition of Purified Diet 

A. 
Component % 

Vitamin-free test casein a 30 
Dextrose b 44 
Salt mixture (Bernhart & Tomarelli) a 4 
Cellulose (Alphacel) a 2 
Fat 20 

B. 
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Component mg/kg Component mg/kg 

Choline dihydrogen citrate a 1000 Vitamin D2a 0.5 
I n o s i t o l  a 1000 Thiamin-HC1 4 
p-Aminobenzoic acid a 300 Pyridoxine-HCl 8 
Nicotinamide a 100 Riboflavin 8 
Vitamin K (Synkayvite) 10 Ca pantothenate 20 
a-Tocopherol acetate 100 Folie acid 5 
Free a-toeopherol 10 Biotin 0.05 
r-Carotene 5 Ascorbic acid 50 

Vitamin B 12 (0.1% trituration 
in mannose) 10 

aNutritional Bioehemicals Corp., Cleveland, Ohio. All other vitamins contributed by 
Hoffmann-La Roche Inc., Nutley, N.J. 

bCorn Products Co., Englewood Cliffs, N.J. 

mildly oxidized fats led to increased vitamin 
requirements (10), as had been shown previ- 
ously for more highly oxidized fats (11). 

In an earlier long term feeding study carried 
out in our laboratory, with eight fresh and 
mildly oxidized vegetable and animal fats fed to 
rats in a low iodine diet, the average life spans 
of the groups fed fresh vegetable oils were 
shorter than those of the groups fed fresh 
animal fats, and feeding of the oxidized forms 
of three of the oils (olive, corn and soybean) 
resulted in longer life spans (7). Furthermore 
there was some suggestion that the various fats 
eXerted other effects which were unrelated to 
their fatty acid composition, and the hypoth- 
esis was put forth that fats, particularly vege- 
table oils, even after refining, may contain 
biologically active substances in their nontri- 
glyceride fractions which exert long term ef- 
fects. 

Because our early experiment was compli- 
cated by a low iodine diet and periodic sacri- 
fices for lipid chemistry, a more comprehensive 
feeding study was undertaken with larger 
groups of rats, all of which could be observed 
until they died of natural causes. 

E X P E R I M E N T A L  PROCEDURES 

Fats and Oils 

The fats studied were cottonseed oil, olive 
oil, corn oil, soybean oil, coconut oil, chicken 

fat, beef fat, butter oil, lard and a randomized 
mixture of saturated medium chain triglyc- 
erides (MCT), (mainly C 8 and C10 ). All of 
these fats had been prepared for human con- 
sumption, and three different batches of each 
were used in the course of the experiment. Half 
of each batch (one-third in the case of soybean 
oil and lard) was aerated at a rate of 1 liter of 
air per gallon per minute for 40 hr at 60 C. In 
addition, part of the lard and soybean oil was 
canned according to FDA specifications for 
irradiation of foods and was given 4.5 Mrad of 
gamma irradiation. These treatments brought 
about only very slight changes in peroxide, 
epoxide and carbonyl values (Table I). The fats 
were incorporated in a highly purified diet, the 
composition of which is given in Table II. 

Animals 

The main study was carried out on Charles 
River (CD) male rats. All fresh, aerated and 
irradiated fats were fed to groups of 40 rats 
each from the age of 28 days. In addition, four 
groups of 40 male rats of the smaller W/Fu 
strain were fed fresh and aerated lard and 
soybean oil. The rats were assigned to the 
individual groups on the basis of stratified body 
weights; all groups had the same weight range 
and the same average weights. 

The rats were housed, two per cage, on racks 
holding 20 cages (10 with rats fed a fresh fat 
and 10 with rats fed the corresponding aerated 

LIPIDS, VOL. 8, NO. 6 
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TABLE III 

Relation o f  Average Body Weight at Early Age to Eventual  
Average Life Span in Groups of  Charles River Rats Fed Various Fats 

Fresh Aerate d 

Average wt Average life Average wt  
Oil at 238  days, g span, days at 238  days, g 

Average life 
span, days 

Coconut  oil 7 3 8 _ + 1 5 . 8 a  592+28.4a 735-+13.2 549-+29.5 
Chicken fat 723+17.2 613_+19.7 712+18.1 655+23. 5 
Butter 703_+ 19.2 626-+ 21.2 694-+ 12.5 640-+ 18.7 
Cottonseed oil 701+12.9 641-+24.2 725_+23.2 650• 0 
Corn oil 691_+15.5 652-+21.2 687-+14.0 664-+22.2 
Lard 688-+ 16.8 639+20.3 697_+26.6 665_+20.7 
Soybean oil 678-+12.5 670~:22.1 683_+12.2 635_+21.9 
Olive oil 646_+10.7 665-+17.9 662_+12.5 642_+29.3 
Beef  fat 626_+ 14.1 703-+ 19.2 650-+ 16.0 690_+ 17.1 
MCT b 614-+10.7 703-+24.5 

P < .001 P = .005 P = .01 P < . 0 l  

aStandard error. 
bSaturated med ium chain triglycerides. 

fat). The other halves of  the same groups were 
housed on a second rack on the opposite side of 
the room, and the racks were rotated fre- 
quently. All rats of  one strain were kept in the 
same room. 

The groups fed coconut  oil were placed in 

FIG. 1. A: Cardiac muscle of rat fed cottonseed 
oil. Muscle fibers are largely replaced by fibrous tissue 
(H & E; x 90). B: Proliferation of bile ducts in liver of 
rat fed corn oil (H & E; x 70). 

LIPIDS, VOL. 8, NO. 6 

the experiment one year after the rest. The 
coconut oil diets initially contained a supple- 
ment of 0.5% of linoleic acid, but early 
mortality among these animals suggested that 
this was too low. When the rats were 9 months 
of age, the linoleic acid supplement was raised 
to 1.5% and the high death rate subsided. 

The animals were inspected daily and any 
dead or moribund were autopsied as soon as 
possible. At least I0 tissues were fixed in 
Bouin's solution for histology, together with 
any tissues suspected of being abnormal. Sec- 
tions of all tissues were stained with hema- 
toxylin and eosin, and sections of hearts were 
also stained with Carr's chloranilic acid stain for 
calcium with Light Green SF Yellowish as 
counterstain. 

The data for each animal were coded and 
key punched into an 80 column IBM card, 
which was used as input to an IBM 360/91 
computer  at the Columbia University Computer 
Center. 

RESULTS AND DISCUSSION 

When the rats had been on their diets for 
three months, there was a spread of 60 g in the 
median weights of the Charles River groups fed 
fresh fats, and this difference increased to ca. 
200 g at the age of 605 days. In addition to 
intergroup differences, there was a considerable 
spread in the body weights of an individual 
group (over 300 g at 133 days of age in the 
group fed fresh corn oil). At 238 days of age, 
there was a spread of over 100 g in the average 
weights of the groups fed fresh fats (Table III), 
and an analysis of  variance showed that the 
intergroup differences were significant. 

Because of the frequently cited inverse 
relationship between early overweight and even- 
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TABLE IV 

Observed and Expected Incidences of Severe (3+ and 4+) Cardiac Fibrosis and of Marked 
Discoloration after Heart Sections Were Stained with Light Green SF Yellowish 
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Fibrosis Resistance to green stain 

Oil Fresh Oxidized Fresh Oxidized 

Corn oil 26/14.5=1.80 25/16.0=1.57 17/7.9=2.16 22/8.9=2.47 
Cottonseed oil 2 0 1 1 6 . 3 = 1 . 2 3  24/15.7=1.53 12/8.0= 1 . 5 0  14/8.2=1.71 
Soybean oil 16/15.6=1.03 22/15.1= 1.46 9/8.3=1.09 15/8.3=1.80 

(Irrad.) 18/15.3=1.17 a (Irrad.) 4/8.3= .48 a 
Olive oil 16/15.9=1.01 18/15.7=1.15 1 3 1 9 . 1 = 1 . 4 2  1617.9=2.02 
Beef  fat 16/16.9 = .94 20/17.0---1.17 6/9.6 = .62 10/9.9=1.01 
MCT b 16/17.6 = .91 a 2/8.1 = .25 a 
Butter 11115.3= .72 10115.3= .65 3]6.9= .43 5/8.5= .59 
Chicken fat 10[14.5= .69 13/14.5= .84 5/7.2 = .69 8/9.1= .88 
Lard 9/14.7= .61 19/16.5=1.15 3/8.4 = .36 4/9.6= .41 

(Irrad.) 12/16.3= .74 a (Irrad.) 2/8.4= .24 a 
Chi square = 23.89 26.48 27.89 53.40 
P (7 df) ~ .01 <; .001 "~ .001 '~ .001 

aNot in chi square calculations. 
bSaturated medium chain triglycerides. 

tual life span, we selected the body weights at 
238 days as indicative of early overweight. 
Table III shows highly significant differences 
among the average life spans of the groups fed 
fresh fats and an inverse relationship between 
weight and life span. The comparatively short 
average life span of the group fed coconut oil is 
due partly to the early deaths in the initial 
period of linoleate deficiency. The groups fed 
beef fat and MCT consistently had lower body 
weights, and only 6 fed beef fat and 10 fed 
MCT had died by the age of 600 days. 

Feeding of oxidized fats did not  result in 
any significant alteration in body weight or life 
span. There were highly significant intergroup 
differences with regard to weight and life span, 
but no apparent inverse relationship between 
the two. 

The W/Fu rats had longer average life spans, 
ranging from 695 to 745 days for the four 
groups. The differences were not  significant. 

Degenerative Lesions 

The heart was the most frequent site of 
degenerative changes. The latter included focal, 
unspecific myocarditis, fibrosis and, occa- 
sionally, calcium deposits. The myocarditis was 
characterized by invasion of focal areas of the 
heart by modified histiocytes and destruction 
of muscle fibrils. Fibrous tissue replaced some 
of the muscle fibers, as shown in Figure 1A. 
The severity of these fibrotic changes was 
evaluated in a blind test on a scale of 0 to 4+ 
for statistical treatment. It was apparent that 
the incidence of severe focal fibrosis was 
age-dependent, increasing from 26% of those 
dying between 400 and 500 days to 80% of 
those dying over 900 days of age; therefore any 

comparison of groups would have to take into 
account their different mortality patterns." We 
adapted the age-specific analysis used by Ross 
and Bras (12), in comparing tumor incidences 
in different dietary groups with different aver- 
age life spans. We pooled the data from all 
groups fed fresh fats and established incidence 
factors for successive 100 day periods (number 
of cases of severe fibrosis per number of rats 
dying during that period); these age-specific 
incidence factors were then applied to an 
individual dietary group, to arrive at an esti- 
mate of the number of severe cases to be 
expected in each 100 day period if the group 
conformed to the average for the whole popu- 
lation. These "expected"  incidences were 
added, to arrive at the expected incidence for 
the whole experimental period, and this could 
be compared with the incidence actually ob- 
served. The ratio of observed to expected 
incidence was a value that lent itself to inter- 
group comparisons. 

The observed and expected incidences ot 
severe (3+ and 4+) cardiac fibrosis are shown in 
Table IV. Among the groups fed fresh fats, the 
observed incidence ranged from 180 to 61% of 
that expected on the basis of the population as 
a whole, and the intergroup differences were 
highly significant (Chi square = 23.9; with 7 df, 
P < .01). The groups fed coconut oil have been 
omitted because of the higher early incidence 
of cardiac damage associated with the initial 
transitory linoleate deficiency. The groups fed 
vegetable oils, particularly corn and cottonseed 
oil, had more focal fibrosis than did those fed 
animal fats, particularly chicken fat and lard. 

In order to bring out any possible effect of 
oxidation and strain, the age-specific incidence 

LIPIDS, VOL. 8, NO. 6 
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TABLE V 

Observed and Expected Incidence~ of Severe (3+ and 4+) Bile Duct Proliferation 

Oil Fresh Aerated Irradiated 

Cottonseed oil 15/ 9.2=1.62 21/ 9.0=2.34 
Soybean oil 14/ 9.7=1.44 16/ 8.0=2.00 1518.3=1.81 
Olive oil 11/ 9.1=1.21 9[ 8.3=1.08 
Corn oil 12/10.0=1.20 17/10.0=1.70 
Butter 10/ 8.5=1.17 3/ 9.5 = .32 
Beef fat 9/10.2 = .89 10/ 9.9=1.01 
Chicken fat 7/ 8.0 = .88 4/ 8.2= .49 
MCT a 8/ 9.9 = .81 
Lard 5/ 9.6 = .52 5/ 9.1 = .55 3/8.3 = .36 
Coconut  oil 2[ 8.9 = .22 3/ 7.7= .39 

Chi square = 18.22 54.555 
(8 dr) 

P = .02 P "~ .001 

aSaturated medium chain triglycerides, omitted from chi square calculation. 

fac tors  der ived f r o m  the  whole  p o p u l a t i o n  of  
CR rats  fed f resh  fats  ( excep t  c o c o n u t  oil) were 
used to  calcula te  the  e x p e c t e d  inc idences  in the  
groups  fed ox id ized  and  i r rad ia ted  fats and  in 
the  groups  of  W/Fu  rats .  The  table  shows t h a t  
wi th  six of  the e ight  fats,  i n t a k e  of  the  ox id ized  
fa t  was associa ted  w i th  an increase  in the  
inc idence  of  severe fibrosis,  whereas  i r rad ia ted  
fats were associa ted  w i th  on ly  a sl ight increase.  

The  observed  inc idence  of  severe f ibrosis  
a m o n g  the  W/Fu  rats  was m u c h  lower ,  a l t h o u g h  
they  l ived s o m e w h a t  longer  and  thus  had  h igher  
e x p e c t e d  inc idences .  Never theless ,  in this  s t ra in  
of  rats ,  feed ing  of  s o y b e a n  oil was associa ted 
w i th  a h igher  inc idence  t han  was lard,  and  
ox ida t ion  led to  an increase  in the  inc idence  in 
b o t h  groups.  

Many of  the  h e a r t  sec t ions  s ta ined  w i th  
h e m a t o x y l i n  and  eosin had  deep blue  areas 
suggestive of  ca lc i f ica t ion.  The re fo re  an addi-  
t i ona l  sec t ion  f r o m  each  hea r t  was s ta ined  w i t h  
chlorani l ic  acid (13)  and  c o u n t e r s t a i n e d  w i t h  
Light  Green  SF Yel lowish  stain.  We were 
unab le  to  f ind  any  o f  the  b r o w n i s h  micro-  
crystals  f o r m e d  b e t w e e n  ch loran i l ic  acid and  
calc ium,  p r o b a b l y  because  the  t issues had  been  
f ixed in Bou in ' s  f luid,  an acid fixative.  However  
we did  observe t h a t  the  cen te r s  of  m a n y  muscle  
fibrils were n o t  green, b u t  appea red  l ight  
b rown .  Dupl ica te  sec t ions  s ta ined  on ly  wi th  
Light  Green  SF Yel lowish  revealed t h a t  these  
areas were ev iden t ly  res i s tan t  to  this  s ta in  
( appea r ing  on ly  l ight  yel low).  Lesions of the  
myocard ia l  fibrils,  poss ibly  s imilar  to  the  one 
n o t e d  here,  have  been  descr ibed  by  o thers .  
War tman  and  Hill (14)  descr ibed  a change  in 
older  m y o c a r d i a l  infarc ts ,  in  wh ich  dead muscle  
is n o t  rep laced  by scar t issue and  there  is n o  
obvious  loss of  a rch i t ec tu re .  

Since the  d i sco lo ra t ion  n o t e d  by  us s eemed  

to vary  in a m o u n t  w i th  age and  wi th  d ie ta ry  
fat ,  we graded the  e x t e n t  of  this  mater ia l  on a 
scale of  0 to  4+ in a b l ind  test ;  the  da ta  were 
given the  same k i n d  of  age-specific analysis used 
in eva lua t ing  fibrosis,  because  the  inc idence  of  
extensive  i n v o l v e m e n t  varied f rom 4% a m o n g  
rats  dy ing  b e t w e e n  4 0 0  and  500  days to  32% 
a m o n g  those  dy ing  a f t e r  800  days. 

Table  I V  shows the  observed  and  expec t ed  
inc idences  of  m a r k e d  d iscolora t ion .  The  ob- 
served inc idences  a m o n g  the  ra ts  fed fresh fats  
var ied f rom 216 to  36% of  t h a t  expec t ed  on the  
basis o f  the  p o p u l a t i o n  as a whole ;  the differ-  
ences  b e t w e e n  groups were h ighly  s ignif icant .  I t  
is a p p a r e n t  f rom the  table  t h a t  cardiac f ibrosis 
and  "musc l e  f ibri l  d a m a g e "  vary  in near ly  the  
same o rde r  f rom group to group.  

The  age-specific i nc idence  fac tors  der ived 
f rom the  p o p u l a t i o n  fed f resh fats  were used  to  
ca lcula te  the  e x p e c t e d  inc idences  in the  groups  
fed ox id ized  and  i r rad ia ted  fats  and  in  the  W / F u  
groups.  The  tab le  shows tha t ,  in  all groups ,  
feeding of  the ox id ized  fa t  increased  the  inci-  
dence  over  t h a t  seen in the  g roup  fed the  
co r r e spond ing  f resh  fat ;  i r rad ia t ion ,  on  the  
o t h e r  hand ,  did n o t  appea r  to  have th is  ef fec t  
(if  any th ing ,  the re  was less invo lvement ) .  In  
ag reemen t  wi th  ou r  obse rva t ions  on  fibrosis,  
the  W/Fu  rats  s h o w e d  less fibril  i nvo lvemen t .  
A m o n g  the  W / F u  groups,  those  fed f resh  
s oybean  oil also had  a h igher  inc idence ;  and  
feeding  of  the  ox id ized  lard,  at  least ,  led to an 
increase  in inc idence  over  t h a t  in the  group fed 
f resh lard. 

Rena l  lesions were p resen t ,  to  some e x t e n t ,  
in  m o s t  of  our  o lder  rats.  They  were charac-  
te r ized  by a t r o p h y  or  d i l a t a t ion  of  tubu les  and  
hya l ine  casts ( " t h y r o i d i z a t i o n " )  and  by  t u b u l a r  
calc i f icat ion.  Similar  changes  have  been  de- 
scr ibed by  o the r s  (15 ,16) .  The  g lomeru la r  
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changes  observed  by  Bras and  Ross (17)  were 
mi ld  in our  rats.  Severe renal  changes  were 
near ly  always assoc ia ted  w i th  h y p e r t r o p h y  of  
the  pa ra thy ro ids .  The  sever i ty  of the  renal  
lesions was graded  on  a scale of  0 to  4+ in a 
b l ind  test ,  and  the  resul ts  were given an 
age-specific analysis.  There  were n o  s ta t is t ica l ly  
s ignif icant  i n t e r g r o u p  di f ferences ;  if  any th ing ,  
there  were s o m e w h a t  fewer  cases of  severe 
k i d n e y  damage a m o n g  those  fed vegetable  oils. 
F u r t h e r m o r e  feeding  of  ox id ized  fats  did n o t  
increase  the  inc idence  of  this  disease. There  was 
no  co r r e spondence  b e t w e e n  the  d i s t r i bu t i on  of  
severe cardiac damage and  severe k i d n e y  
t h y r o i d i z a t i o n  a m o n g  the  var ious  d ie tary  
groups.  

Many livers of  the  Charles  River  rats  had  a 
charac te r i s t i c  les ion of  the  bile ducts .  This  is 
s h o w n  in Figure  lB.  There  were p ro l i f e ra t ion  
and  d i s tens ion  of  the  bile duc ts  and  accumu-  
l a t ion  of  cons iderab le  a m o u n t s  of  connec t ive  
t issue usual ly  w i t h o u t  i n f l a m m a t o r y  cells. We 
graded  the  l iver sec t ions  as to  the  e x t e n t  of  th is  
bile duc t  p ro l i f e ra t ion  and  ana lyzed  the  resul ts  
by  means  of  an age-specific analysis  because  
this  disease also increased  w i th  age. The  ob- 
served and  e x p e c t e d  inc idences  of the  severe 
f o r m  of  th is  les ion are s h o w n  in Table  V. There  
were s ignif icant  d i f ferences  a m o n g  the  groups,  
w i th  the  groups fed u n s a t u r a t e d  vegetable  oils 
having  more  lesions.  Feed ing  of  mi ld ly  ox id ized  
vegetable  oils i n d u c e d  a h igher  inc idence ,  wh ich  
was n o t  the  case w i th  the  an imal  fats. I r radi-  
a t ion  appeared  to  have the  same e f fec t  as 
ox ida t ion .  In  v iew of  the  fac t  t h a t  the re  did  n o t  
appea r  to  be any bi l iary o b s t r u c t i o n  or inf lam-  
m a t o r y  cells, i t  seems l ikely t h a t  the  prol i fer-  
a t ion  was caused  by  some c i rcu la t ing  toxic  
mater ia l .  

DI SC USSI ON 

The  var ious  fa ts  u n d e r  s t u d y  exer ted  long  
t e rm  n u t r i t i o n a l  effects  wh ich  did n o t  appea r  to  
be re la ted  to  t he i r  f a t ty  acid c o m p o s i t i o n  or 
t r iglyceride s t ruc ture .  Even such  mi ld  o x i d a t i o n  
as was carr ied ou t  in th is  e x p e r i m e n t  had  
effects  on hear t s  and  livers. I t  is t rue  t h a t  m o s t  
severe degenera t ive  changes  were b r o u g h t  on by  
the  u n s a t u r a t e d  fats,  i nc lud ing  olive oil, and  
t h a t  these  changes  were increased  s igni f icant ly  
by  mi ld  ox ida t ion .  However  the  effects  of the  
ox id ized  fats  occur red  w i t h o u t  an apprec iab le  
rise in  the  pe rox ide ,  c a r b o n y l  and  epox ide  
values,  w h i c h  makes  i t  seem un l ike ly  t h a t  the  
ef fec ts  were due to  changes  in the  f a t t y  acids. 
The re fo re  these  resul ts  s u p p o r t  ou r  original  
h y p o t h e s i s  t h a t  pha rmaco log ica l ly  active ma te -  
rials p resen t  in  the  non t r ig lyce r ide  f r ac t ion  m ay  
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be respons ib le  for  some of  the  long  t e r m  effects  
of fa ts  and  t h a t  these  subs tances  may  be  a l te red  
by  mi ld  ox ida t ion ,  w i t h  r e d u c t i o n  or p roduc-  
t ion  of  toxic  mater ials .  

The  fac t  t h a t  par t icu lar ly  the  non t r ig lyce r ide  
f r ac t ion  of  vegetable  oils may  c o n t a i n  active 
mater ia ls  can be a s sumed  because  of  the  prac- 
t ically l imit less n u m b e r  of such  mater ia ls  in 
p lan t s  (18) ,  m a n y  of  w h i c h  are fa t  soluble.  
F u r t h e r m o r e  e n v i r o n m e n t a l  c o n t a m i n a n t s  were 
de t ec t ed  in some of  our  samples.  One  b a t c h  of  
ch icken  fa t  c o n t a i n e d  t races  of  ch lo r i na t ed  
pest icides,  whi le  one b a t c h  of  soybean  oil 
c o n t a i n e d  100 p p b  p o l y c h l o r i n a t e d  b ipheny ls .  
Fa ts  also may  con t a in  h o r m o n e s  given to  
animals  in  the i r  feed;  they  f r e q u e n t l y  have 
added  an t iox idan t s ,  the  biological  ef fects  of  
wh ich  are n o w  u n d e r  discussion.  All of this  may  
expla in  why  d i f fe ren t  long  t e r m  e x p e r i m e n t s  
o f t en  give d i f f e ren t  resul ts  and  why  fu tu re  
work  p u r p o r t i n g  to  s t u d y  the  ef fec ts  of triglyc- 
erides shou ld  be car r ied  ou t  w i th  careful ly  
pur i f ied  fats. Because of  the  u n c e r t a i n t y  "a~s to  
wha t  c o n t a m i n a n t s  may  be p resen t  in any fat ,  
the re  is at  p resen t  l i t t le  p o i n t  in c o n d e m n i n g  
one  fa t  more  t h a n  ano the r .  I m p r o v e d  pro- 
cessing of  all fa ts  for  h u m a n  c o n s u m p t i o n  
seems necessary.  
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