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ABSTRACT 

Representative cottonseed salad oils, 
corn oils, lards and hydrogenated vege- 
table shortenings, and portions of the 
same fats heated at 182 C for 120 hr were 
fed as 20% of nutritionally adequate diets 
to weanling albino rats in longevity 
studies. Differences in the responses of 
rats fed diets containing the unheated and 
heated fats were generally small with 
respect to rates of gain, 12th week and 
adult weights, efficiencies of utilization 
of absorbed energy, incidences of grossly 
detectable diseases and longevities. There 
were no indications that the feeding of 
the heated fats had shortened survival 
times in comparison with the comparable 
unheated fat. Animals fed hydrogenated 
vegetable shortening, heated or unheated, 
survived the longest. However, gains were 
slightly slower with the heated cotton- 
seed oil diets, and food efficiencies were 
slightly lower with the heated cottonseed 
oil and heated lard diets because of de- 
creased digestibilities of these fats. The 
usual disabilities of old age such as 
nephritis, respiratory disease and periar- 
teritis were present in all groups. The 
incidence of mammary tumors was high 
but did not differ significantly with the 
kind of fat, heated or unheated. Tumor 
incidence other than mammary was 
similar in both sexes and there was no 
significant difference between fresh and 
heated fats. Absence of adverse effects 
attributable to the heated fats during the 
life span of the rats is further evidence of 
the safety of these fats of the quality 
customarily consumed by the human 
population. 

INTRODUCTION 

Edible fats undergo chemical and physical 
changes when exposed to heat/or oxygen or 
both and, if the treatment is severe enough, 
some of the products may be harmful to experi- 
mental animals when fed under appropriate 
conditions. The nature and extent of the 
changes have been investigated extensively 

during the last few years, yet because of the 
complexity of the mixtures, there is still much 
to be learned regarding the composition and the 
biological effects of heated or oxidized fats. 
Three general types of chemical changes occur: 
oxidation, cleavage to smaller compounds and 
polymerization. 

There is considerable evidence that the treat- 
ments to which edible fats may be subjected 
during practical home or institutional use do 
not cause the formation of deleterious sub- 
stances in amounts sufficient to impair health 
(1-15). On the other hand, several teams of 
scientists have observed adverse biological 
effects when fats which had been severaly 
heated (2,11-13,16-25) or extensively oxidized 
(12,23-42) were fed or injected. Toxic sub- 
stances can be concentrated in certain fractions 
of the treated fats by distillation or urea adduc- 
tion procedures (12,16-21128,30-37). Fats con- 
taining relatively large proportions of unsatu- 
rated fatty acids, particularly polyenoic acids, 
yield more of these toxicsubstances than the 
saturated fats (20,21,30). Factors in addition to 
unsaturation appear to be involved since in our 
experience different lots of a single type of oil 
yield reproduceably differing amounts of urea 
non-adducting fraction (NAF). In general, the  
biological effects of heated or oxidized fats are 
in proportion to the NAF content (25,27,31), 
but the effects differ depending on the nature 
of the fraction. Concentrates that are predomi- 
nately monomeric tend to be absorbed more 
readily and are more toxic than dimers or 
longer chain polymers ( 12,20,31 ). 

The small amounts of lipid-derived products 
developed in fats during cooking ordinarily can- 
not be detected biologically without extraction 
and concentration of the NAF. Furthermore, 
substantial amounts of seyerely heated fat can 
be included in the diet without adversely 
affecting growth or well-being of rats, particu- 
larly if associated with ~ome unchanged fat 
(5,16,35,36). 

Nevertheless, the presence in foods of even 
small amounts of possible deleterious sub- 
stances, such as NAF, is cause for concern until 
there is sufficient evidence that these amounts 
are harmless. As mentioned above, existing data 
support the belief that fats used in foods or in 
cooking of foods are safe in this respect, even 
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though other evidence makes it quite clear that 
abuse of fats by excessive exposure to heat or 
oxygen will result in formation of toxic prod- 
ucts. For the most part previous biological tests 
have been of short duration and may not  have 
detected substances that would elicit a response 
on prolonged administration or in massive 
doses. It was to study the cumulative and 
chronic effects of heated fats, if such effects 
exist, that the present experimental work was 
designed and conducted. The findings, as 
reported, confirm the conclusions of the short- 
term tests, i.e., heat treatments more severe 
than those used in cooking foods yet in a 
practical range do not result in formation of 
sufficient quantities of fat-derived products to 
cause serious adverse biological effects. They 
are in substantial agreement with the obser- 
vations of Nolen et al. (15) who conducted 
longevity studies with rats fed fats heated in the 
presence of foods. 

EXPERIMENTAL PROCEDURES 

In order to obtain the information desired, 
uniform groups of rats were fed diets which 
contained either a typical commercial fat or 
portions of this fat which had been subjected to 
a relatively severe heat treatment. Responses of 
the animals were compared with respect to: (a) 
rate of growth, (b) ability to digest the fats, (c) 
efficiency of food and energy utilization, (d) 
incidence of various abnormalities during life, 
(e) longevity, (f) gross changes observed at 
autopsy, and (g) organ weights. Tissues were 
taken at autopsy and preserved for subsequent 
histopathological study in the Human Nutrition 
Research Division, ARS, USDA. 

Four widely used dietary fats were selected: 
cottonseed salad oil (CS), corn oil (CO), lard 
(L) and hydrogenated vegetable oil shortening 
(S). Three prominent brands of each were pur- 
chased during the course of the study in the 
necessary quantities in regular packages (38-50 
lb) from commercial suppliers. Equal aliquots 
of the three brands of a specific fat were 
blended together for use in the diets and for 
heating prior to use. Both heated and unheated 
samples were stored in filled, sealed glass jars at 
3 C until  used. 

Heat Treatment 

Fats were heated at 182 C continuously for 
120 hr in 46 lb quantities in a commercial, 
electrically heated deep fat fryer equipped with 
a chromed steel container and a stainless steel 
clad heating element. When used in this quan- 
tity there were 6.5 sq in. of surface exposed to 
air for each pound of fat heated, a ratio typical 

for this type of equipment. During heating the 
fats were stirred gently to avoid local differ- 
ences in temperature. The stirring was not 
vigorous enough to cause entrapment of air 
bubbles, but it did provide a continuous change 
of the surface exposed to air and to the heating 
element. Fats treated in this manner are 
designated as HCS, HCO, HL and HS to differ- 
entiate them from the unheated CS, CO, L and 
S. 

This relatively long and severe heat treat- 
ment was considered to be a compromise 
between short-term, single use of fats which 
would result in only minimal changes that 
might not be detectable biologically and more 
drastic treatments that have no practical 
counterpart. It was known from previous work 
(12,25,31) that such a treatment would be 
severe enough to decrease the digestibility of 
CS, the fat which had been most extensively 
studied. On the other hand, rats fed diets con- 
taining fats heated under similar conditions 
were known to grow well and to be apparently 
healthy for periods up to 12 weeks (11). It was 
also known that CS treated in this manner 
would be beyond practical commercial usage, as 
it would foam violently if attempts were made 
to i n t r o d u c e  foods such as potatoes 
(12,14,42,43). 

Certain analytical characteristics of the fats 
are shown in Figure 1. The general increases in 
viscosity and in the content of the urea non- 
adducting fraction, and the decreases in linoleic 
acid content  and iodine values are greater than 
is typical for such fats used in practical food 
frying operations, peroxide values were low and 
changed little by the heating procedure. 

Preparation and Composition of Diets 

Nutritionally complete, synthetic-type diets 
including 20% of the various test fats were 
prepared by adding appropriate quantities of 
the fats and 1% of wheat germ oil to aliquots of 
a uniform supply of a basal diet mix having the 
following composition: purified casein, 20.1; 
purified lactalbumin, 10.0; Jones and Foster 
salt mixture, 4.0; cellulose (Cellu Flour), 2.0; 
sucrose, 35.2; primary grown yeast, 5.0; d-~- 
tocopherol dry mix (Myvamix, 44 I.U./g), 1.0; 
choline chloride dry mix (25%), 0.4; vitamin A 
dry mix (Stabmix A, 10,000 I.U./g), 0.2; vita- 
min D 2 dry mix (Dares Sterol D-2, 1500 I.U./g) 
0.2; and vitamin premix, 1.0. The vitamin pre- 
mix contained, in rag/g, riboflavin, 0.45; niacin, 
1.5; d calcium pantothenate, 3.5; pryidoxine 
hydrochloride, 0.65; biotin, 0.033; 2 methyl 
naphthoquinone, 1.0; p-aminobenzoic acid, 
10.0; vitamin B 12, 0.001; and sucrose sufficient 
to bring the total to 1.000 g. The first five com- 
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FIG. 1. Analytical values of fats before and after heating. 

ponents of the basal diet were premixed in 
advance (premix 1 stored at room tempera- 
ture), and the remaining six were likewise pre- 
mixed (premix 2 stored in brown bottles at 
3 C). 

The diets were made by first mixing the 
proper aliquots of premix 1 and premix 2, then 
adding, during mixing, the appropriate melted 
fat and, finally, the wheat germ oil. Analyses of 
the diets gave average values as follows (in per 
cent): moisture, 3.3; protein, 27.2; fat, 21.9 
and ash, 3.6. Fresh batches of each diet were 
prepared at intervals of about two weeks. 
Weighed quantities of fresh food in 3 or 6 oz 
widemouth glass jars were supplied three times 
weekly to the animals during the growth period 
and at least weekly thereafter. Food and water 
were supplied ad libitum. Uneaten food was 
weighed to determine food usage. 

Care of A n i m a l s  

Fifteen replications, each comprising one 
male and one female weanling rat (Holtzman 
albinos) for each unheated fat diet group and 
two of each sex for each heated fat diet group, 
were started weekly on the test diets for 15 
weeks. Rats were caged individually in drawer- 
type cages with wire mesh fronts and bottoms. 
The rats were randomly distributed in cages sus- 
pended on racks in an air conditioned room 
with temperature controlled at 25-26 C and 
humidity at 45-50%. 

Animals were weighed at about the same 

LIPIDS, VOL. 5, NO. 1 

time each Wednesday. At that time uneaten 
food was removed for weighing, and each ani- 
mal was inspected carefully for disease or 
physical abnormalities. A few rats with rales or 
suspected middle ear infections wer6 isolated, 
but no treatment of any kind was administered 
to the animals except for trimming a few elon- 
gated incisors when necessary. Animals which 
showed severe or consistent losses of weight or 
other conditions that indicated ill health were 
observed more frequently. Those which became 
obviously moribund were decapitated and 
autopsied immediately to assure tissues suitable 
for histopathological evaluation. Animals which 
were found dead were autopsied as soon after 
death as possible. 

During the 2nd, 12th and 52nd week of 
feeding, complete collections of feces were 
made for 10 randomly selected rats in each of 
the dietary groups. Lipid was extracted with 
ethyl ether from the pooled, acid hydrolyzed 
sample for each group for each period and 
weighed following solvent removal. Fat intakes 
for the same rats were calculated from the food 
intake and food composition records. The dif- 
ference between the total dietary fat intake and 
the total fecal fat output represents gross fat 
absorption (uncorrected for endogenous fat). 
The weights of fat absorbed divided by weights 
of fat consumed gives practical digestibility 
values. 

When the animals were 22 weeks of age, two 
males and two females which had been pre- 
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TABLE I 

Average Weights of Rats Fed Diets Containing 
Unheated or Heated Fats for 12, 52 or "/8 Weeks 

Average weights of rats in grams 

Males Females 

Fat in diet 12 wk 52 wk "/8 wk 12 wk 52 wk 78 wk 

CS a 451 655 681 268 385 458 
HCS b 427 c 634 674 253 c 380 455 

(CS/HCS) x 100 106 104 101 106 101 101 

CO a 432 666 699 260 391 469 
HCO b 431 653 723 265 394 464 

(CO/HCO) x 100 100 102 96 98 99 101 

L a 436 613 632 259 36"/ 428 
HL b 430 638 722 256 365 440 

(L/HL) x 100 102 96 88 100 101 99 

S a 440 643 680 262 358 442 
HS b 428 615 648 254 361 425 

(S/HS) x 100 103 105 105 103 99 104 

All unheated 440 644 672 262 3`/5 449 
All heated 429 635 692 25`/ 395 446 

(Unheated/heated) 
x 100 103 101 97 102 100 101 

aFifteen animals started in each group. 
bThirty animals started in each group. 
CSignificantly less (P ( 0 . 0 5 )  than for rats fed the unheated oil. Data for the 98 week periods were 

not statistically analyzed b~cause of the small and irregular group sizes. 

selected randomly  for  each group were killed 
for  gross and his topathologica l  examina t ion .  
This p rocedure  was repea ted  with o the r  pairs of  
animals at ages of  36 and 50 weeks. 

Excep t  for the six r andomly  selected animals 
in each group killed for au topsy  and tissue 
samples,  as just  described,  all animals were 
main ta ined  on their  respective diets unti l  they  
died or became mor ibund ,  or until a prese lec ted  
t e rmina t ion  poin t  based on reduc t ion  of  the 
co lony  to  about  10% of  the start ing n u m b e r  
was reached.  At this t ime (928 days of  age), all 
survivors were killed for t e rmina t ion  gross and 
h is topathologica l  observations.  At the t ime of  
au topsy ,  observat ions regarding the  gross 
appearance  of  the animal and its organs and 
tissues were recorded;  designated organs (liver, 
k idneys,  adrenals) were removed,  weighed and 
preserved in 10% neutra l  formal in  for  possible 
fu ture  h is topathologica l  s tudy.  All autopsies  for  
this expe r imen t  were coded,  i.e., done  wi thou t  
knowing  the  diet  group to which the  animal  
belonged.  

RESULTS AND DISCUSSION 

Two general types  of  observat ions  were 

made  wi th  respect  to the  inf luence of  heat ing 
on the  wholesomeness  of  fats, those  relating to 
the  effect iveness  and eff iciencies  of  the  several 
fats tes ted  as measured by g rowth  and food  
uti l izat ion,  and those relating to the  hea l th  and 
longevity of  the animals.  Nei ther  of  these 
criteria gave any indica t ion  that  fats hea ted  for  
120 hr at 182 C adversely a f fec ted  the  general  
heal th  or well-being of rats to  which  they  had 
been  fed for  their  full life span. There were 
some minor  di f ferences  b e t w een  groups when  
hea ted-unhea ted  compar i sons  were made,  but  
these t ended  to balance out ,  some being in 
favor of  the heated,  o thers  in favor of  the  un- 
heated.  

Growth 

Animals  fed hea ted  fats grew well and at 
about  the same rates as their  coun te rpa r t s  fed 
unhea ted  fats and main ta ined  their  weights over 
the  long-term, as shown by the  data in Table I. 
The only effect  n o t e d  was a slightly slower rate 
of gain for each sex in the  HCS diet  group (p 
< 0.05 at 12 weeks, no t  significant thereaf ter) .  
The slightly slower rate of g rowth  for HCS fed 
rats is consis tent  wi th  previous observat ions  
(21,25,31).  There was generally more  variation 
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be tween  the types of unheated  fats fed than 
there was be tween the heated vs. unheated 
variants of each type.  The long-term weight 
differences be tween the four  types of unheated 
fats fed were never more than 9% and were not  
significant statistically at any age. 

Food Efficiency and Digestibility Dietary fats M 

At the end of  12 weeks on diet  the rats fed CS 635 
HCS or HL had consumed more food per gram t i c s  650 
gain than animals on diets containing unheated  Both 646 
fats o f  the same types, but  those fed HCO or 
HS had not  consumed more than their  counter-  c o  656 

HCO 657 
parts (Table II, Column 4). The increased food 
consumpt ions  were statistically significant (P Both 656 
< 0 . 0 1 )  for the males and females fed HL and L 551 
for the  females fed HCS. However ,  when the HL 662 
comparisons were made on a per calorie Both 632 
absorbed basis rather than on a per gram of 
food consumed basis, the differences be tween  S 667 
the heated  and unheated  fats disappear (Table l-is 691 
II, Column 5). It seems probable that  the  de- Both 684 
creased food efficiencies of animals fed diets All unheated 627 
containing HCS or HL are due to nondigest ible All heated 665 
substances in the fats, presumably polymers  Entire experimental 
originating during the heat ing of  the fats colony 646 
(19,20,31).  The presence of  nondigest ible lipids 
is demons t ra ted  by the digestibili ty values for 
each of  the three t ime periods (Table II, 
Colunms 6, 7 and 8). Substantial  decreases in 
digestibili ty for HCS vs. CS and HL vs. L were 
observed for all periods. The digestibility values 
are similar for the 2nd, 12th and 52nd week for 
each unheated fat, however ,  there is some indi- 
cat ion that  the heated fats were progressively 
less well  digested as the animals aged. The 
statistical significance of  the  differences 
observed could not  be de termined  because it 
was necessary to pool  feces for rats in each 
group to provide sufficient sample for analysis. 

The  equal  ut i l izat ions of  energy o ther  than 
that  of  the nondigest ible por t ions  of  the  fats is 
evidence that  digestibilities of  the o ther  com- 
ponents  of  the diets were no t  affected.  These 
observations differ f rom those of  Fr iedman et 
al. (31) who, using co t tonseed  oil stirred for 
190 hr  at 225 C, found that ,  "This  difference in 
nutr i t ive value (i.e., energy) cannot  be ac- 
counted  for by the decreased digestibility of  
the heated  cot tonseed oi l ."  However ,  their  fat, 
having been much  more severely t reated,  was 
not  comparable  to those used in our  tests. 

Incidence of  Diseases or Abnormalities 

In general the animals remained heal thy and 
lived long, relatively disease-free lives but,  as 
expec ted  with a group of  aging animals, a 
variety of  physical abnormal i t ies  was noted.  
These observations were recorded in detail and 

TABLE III 

Survival of Rats Fed Diets 
Containing Unheated or Heated Fats 

133 

Average survivalin 
rat days 

F M & F  

738 687 
706 678 

715 680 

683 669 
706 681 

700 678 

808 679 
696 679 

727 679 

767 717 
765 728 

766 725 

749 688 
718 692 

734 691 

tabulated according to type  and t rea tment  of  
the fats and sex of  the animal. The abnor-  
malities were typical  of  those occurr ing in the 
rat and there  were no substantial  differences in 
f requencies  be tween  types of  fat or t reatments .  

Longevity 

The overall  survival of  the rats in this experi-  
ment  was good,  an average of  646 days for  the 
males and 734 days for  the females,  and there 
were no indicat ions that  animals fed heated  fats 
had shor tened  lifespans. In fact, in five of  the 
eight hea ted-unheated  comparisons,  the average 
survival was greatest in the groups fed heated 
fats a l though the  differences were no t  statisti- 
cally significant (Table III). When data for  bo th  
sexes and all fats are combined  the  average sur- 
vival periods for the heated and unhea ted  fat- 
fed animals are almost  identical,  i.e., 688 vs. 
692 days. 

There  is a substantial  indicat ion that  the  sub- 
groups fed diets containing S or  HS survived 
longer than the  subgroups fed the o ther  fats, 
a l though the  differences are not  statistically 
significant at the P <~ 0.05 level. The lard-fed 
rats were the  least consistent  in their  responses 
to the  t rea tments ,  the males fed heated lard 
surviving longer  than those fed unheated  lard, 
whereas the females reversed this order.  
Fu r the rmore ,  the lard-fed males had the 
shortest  average survival period of  all the male 
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TABLE IV 

Incidence of Tumors in Rats Fed Throughout Life Diets Containing Different Fats 

Type fat 

Number 
of rats 
fed a 

Percent of animals showing tumors 

Females Males 

Nonmammary Nonmammary 

Mammary Benign Malign. Benign Malign. 

CS 9 44 22 11 33 0 
HCS 24 50 4 4 12 8 

CO 9 22 0 33 0 22 
HCO 24 50 4 13 4 21 

L 9 56 11 11 0 11 
HL 24 46 0 13 g 13 

S 9 45 11 0 0 0 
HS 24 46 0 17 4 4 

Totals 
Unheated 36 42 11 14 8 8 
Heated 96 48 2 12 7 12 

aFor each sex. 

subgroups .  At  least  par t  of  the  shor t e r  survival  
of  the  u n h e a t e d  lard-fed males may  be a t t r i -  
b u t e d  to  unexp l a ined  early dea ths  of th ree  of  
the  n i n e - m e m b e r  l i fe-survivor subgroup.  The  
expec ted  longer  survivals of  all female  sub- 
groups  in compar i son  wi th  the  co r re spond ing  
male subgroups  is h ighly  s ignif icant  (P ~ 0.01).  

Gross Observations at Autopsy: Organ Weights 

The deta i led  gross obse rva t ions  made  at  
au topsy  were d i s t r ibu ted  ra the r  u n i f o r m l y  
a m o n g  the  groups  wi th  no  unusua l  obse rva t ions  
or cond i t ions  a t t r i b u t a b l e  to  hea t ing  of  the  fats. 

The  c o n s u m p t i o n  of diets  inc luding  h e a t e d  
fats did n o t  resul t  in s ignif icant ly  d i f fe ren t  
k i d n e y  or  adrena l  weights  w h e n  compared  w i th  
organs f rom animals  fed u n h e a t e d  fats. F o r  
those  ra ts  r ou t i ne ly  ki l led for  t issue samples  
dur ing  t he  f irst  year  of the  expe r i m en t ,  the  
l iver-body weight  ra t ios  were h igher  for  an imals  
fed hea t ed  fa t  diets t h a n  for  those  fed the  cor- 
r e spond ing  u n h e a t e d  fa t  diets  for  all compar i -  
sons excep t  t ha t  for  the  S-HS male subgroups .  
The  increases  were s ignif icant  (P < 0 .05)  for  
the  male  and  female  subgroups  fed the  HCS 
diet,  and  for  the  female  subgroup  fed the  HL 
diet.  No s ignif icant  d i f ferences  a t t r i bu t ab l e  to  
the  hea t ing  of  the  fa t  c o m p o n e n t s  of the  diets  
were f o u n d  for  livers r e m o v e d  f rom rats  f o u n d  
dead or dying,  bu t  the  liver weights  and  the  
l iver-body weight  ra t ios  of  male ra ts  fed the  
HCS diet  were s igni f icant ly  heavier  (P ~ 0 .05)  
t h a n  those  for  male  ra ts  fed diets  con ta in ing  
HCO, HL or HS. 

Histopathology 

Pathologica l  changes were those  c o m m o n l y  

f o u n d  in old  animals  and  inc luded  resp i ra to ry  
disease, ch ron ic  nephr i t i s  and  periar ter i t is ,  t he  
la t ter  occur r ing  mos t ly  in males w i t h o u t  
r e l a t ion  to  diet .  In  the  an imals  wi th  tumors ,  the  
inc idence  o f  nephr i t i s  was low in those  fed 
h y d r o g e n a t e d  vegetable  oil (less t han  8% com- 
pared  to 21% on the  o the r  diets  and  presen t  
w h e t h e r  fats  were hea ted  or unhea ted ) .  

Table  IV gives the  inc idence  of  t u m o r s  in 
b o t h  sexes and  charac ter izes  t h e m  as ben ign  or  
mal ignant .  Of  132 male rats,  23 had tumors ,  of  
132 female  rats, 77 were t u m o r  bearers,  61 had  
m a m m a r y  t u m o r s  and  5 of  these  had  add i t iona l  
t u m o r s  loca ted  elsewhere.  

M a m m a r y  t u m o r s  were f o u n d  in 46% of  the  
female  ra ts  w i t h  a similar inc idence  a m o n g  the  
groups  fed d i f fe ren t  fats. Because of  the i r  
superf icial  loca t ion  they  were observed early 
and  were mos t ly  of  long du ra t ion .  The  average 
age at  d e a t h  for  m a m m a r y  t u m o r  bearers  varied 
f rom 728 days for those  fed corn  oil to  797 
days for  those  fed h y d r o g e n a t e d  vegetable  
shor ten ing .  T u m o r  weights  varied great ly;  15 
were u n d e r  50 g and 25 were over 250 g. The  
largest t u m o r ,  weighing 835 g, was f o u n d  in a 
ra t  dying  at  539 days and  had  been n o t e d  first  
at  296 days. The  body  weight  af ter  the  t u m o r  
was r e m o v e d  was 242 g. This  was the  younges t  
ra t  of  those  dying wi th  m a m m a r y  tumors .  
M a m m a r y  t u m o r s  were o f t e n  mul t ip l  e and  
some were bilateral .  The usual  p ic ture  was t h a t  
of a ben ign  f i b r o a d e n o m a .  Some s h o w e d  
chron ic  i n f l a m m a t o r y  r eac t ion  and  occas ional ly  
abscess fo rma t ion .  Adrena l  en la rgemen t  was 
associated wi th  these  t umors ,  of  33 adrena ls  
examined ,  24 showed  extens ive  h e m o r r h a g e  
o f t en  wi th  cort ical  l ipoidosis.  N o n m a m m a r y  
t u m o r s  were as f r equen t  in males  as in females.  
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Relat ively few t u m o r s  deve loped  wi th  diets  
con ta in ing  h y d r o g e n a t e d  vegetable  shor ten ing .  
Ben ign  t u m o r s  p r e d o m i n a t e d  in the  ra ts  fed 
c o t t o n s e e d  oil. Th e  h ighes t  inc idence  of malig- 
n a n c y  was observed  in the  an imals  fed corn  oil 
b u t  too  few t u m o r s  were involved to es tabl ish  
the  s ignif icance of these  f indings.  Neop l a sms  in 
these  ra ts  were ma in ly  of connec t ive  t issue 
origin ( sa rcomas)  r a the r  t h a n  of  epi thel ia l  tis- 
sues  (ca rc inomas) .  Skin t u m o r s ,  five in male  
ra ts  and  two in females  were l is ted as epi- 
t h e l i o m a s  s ince t h e y  showed  excess ive  g rowth  
of  cells, f o r m a t i o n  o f  ke ra t in ized  epi thel ial  
pearls  and  local inf i l t ra t ion ,  bu t  were of  low 
ma l ignan cy  and  p ro b ab ly  s econda ry  to chron ic  
u lcera t ion .  No d i s t an t  spread was p resen t  
e x c e p t  in one  928 day  old female  wi th  a large 
t u m o r  be tween  t h e  legs wh ich  had  some  
n o d u l e s  in the  m esen t e ry .  S u b c u t a n e o u s  t u m o r s  
were f o u n d  in n ine  males  and  five females .  In 
t he  male ,  seven were ben ign  and  two  sarco- 
m a t o u s .  In the  female  all bu t  one  were malig- 
nan t ,  o f  these  one  was c a r c i n o m a t o u s .  An  
a d e n o c a r c i n o m a  of  the  salivary g land  migh t  also 
be added  to this  group.  In n o n e  of  these  were 
d i s t an t  me ta s t a se s  f o und .  A b d o m i n a l  t u m o r s ,  
inc lud ing  those  of  the  gas t ro in tes t ina l ,  endo-  
crine and  r ep roduc t ive  sys t ems ,  were f o u n d  in 
10 males  and  14 females .  In male  rats,  th ree  
were ben ign  and  seven mal ignan t ,  m o s t l y  dif- 
fuse  and  involving the  gas t ro in tes t ina l  t ract ;  five 
of  these  were s a r c o m a t o u s  and  two  carcino-  
m a t o u s .  In female  ra ts  the re  were five ben ign  
and  n ine  ma l ignan t  t u m o r s .  The  ben ign  t u m o r s  
i nc luded  two a d e n o m a s  o f  the  adrena l  gland,  
two  of  the  pancreas  and  one  u te r ine  f ibro- 
m y o m a .  In con t ra s t  to males,  t u m o r s  of  t he  
r ep roduc t ive  s y s t e m  were c o m m o n ,  six occur-  
r ing in the  u t e ru s  and  adnexas  of  wh ich  five 
were mal ignant .  A pancrea t ic  d u c t  ca rc inoma  
was the  on ly  t u m o r  wi th  d i s tan t  me ta s t a se s  to 
the  lung.  Th e  on ly  p r ima ry  t u m o r  in the  liver 
was a bile duc t  ca rc inoma.  Two di f fuse  l y m p h o -  
s a rcomas  were f o u n d  involving m o s t  of  the  
a b d o m i n a l  viscera. 

Age I ncidence of Nonmammary Tumors 

The  average age at dea th  for  males  wi th  
ben ign  or ma l ignan t  t u m o r s  was over 675 days.  
F e m a l e  rats  wi th  ben ign  t u m o r s  averaged 691 
days ,  those  wi th  ma l ignan t  t u m o r s  546 days.  
T h e  earlier dea ths  occur red  m o s t l y  in those  
w i th  t u m o r s  of  the  r ep roduc t ive  sys t em.  
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