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TABLE I

Analyses of One Batch of Fais Fed to Rats from Weaning

Epoxide
Peroxide value,
value,3 Megq oxirane Carbonyl value,® Meq/kg
Oil Meq/kg oxygen/kg Unsaturated Saturated Total

McTtd 0.1 0 0.4 1.7 2.1
Olive oil

Fresh 15.2 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

Irradiated 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

Irradiated 1.7 0 1.3 8.8 10.1

2A0CS8 Official Method Cd 8-53.
bFioriti et al., JAOCS 43:487 (1966).
CFioriti, JAOCS 42:743 (1965).
dsaturated medium chain trigly cerides.

quence of cellular damage. Higher inci-
dences of this lesion were associated with
the same fats as was severe fibrosis, and
feeding of aerated fats led to higher
incidences. Many livers revealed marked
proliferation of bile ducts. The groups fed
cottonseed, soybean, olive and corn oils
had higher incidences of severe lesions,
and feeding of the oxidized oils led to
still higher incidences. None of the results
appeared to be associated with the fatty
acid composition of the fats, which sug-
gested that these long term effects may
have been due to minor constituents in
the individual fats.

For the last 25 years, various studies have
been undertaken to determine the extent to
which changes induced in fats by thermal or
oxidative treatment would produce toxic ef-
fects in animals fed these fats. In the early
1950’s, feeding experiments were carried out
with fats that had undergone rather severe
damage by heat or oxidation (1,2). Interest
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centered on separation of broad classes of
compounds produced in such fats. Some of
these groups of compounds were so toxic that
feeding studies were necessarily of short dur-
ation. Rats fed these materials exhibited diar-
rhea, edema of the gut, and enlarged livers and
kidneys (3). All of this accumulating knowledge
had social consequences: processors of such
foods as potato chips, French fried potatoes
and other deep-fried foods became much more
careful with regard to how long they used any
one batch of oil, and, at the same time,
manufacturers of various fats and oils and of
foods containing these oils routinely included
antioxidant in their products.

Further investigations dealt with possible
effects produced by fats after ordinary cooking
procedures or after storage. In general, it was
found that growth and life span of animals fed
such fats were not adversely affected (4-8).
However it was reported that rats fed mildly
oxidized beef fat appeared to have less linoleate
in their depots than those fed fresh beef fat (9).
Furthermore it was observed that feeding of
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TABLE 11

Composition of Purified Diet

A.

Component %
Vitamin-free test casein? 30
Dextroseb 44
Salt mixture (Bernhart & Tomarelli)3 4
Cellulose (Alphacel)2 2
Fat 20

B.

Component mg/kg Component mg/kg
Choline dihydrogen citrated 1000 Vitamin D52 0.5
Inositol2 1000 Thiamin-HC1 4
p-Aminobenzoic acid2 300 Pyridoxine-HCl 8
Nicotinamide2 100 Riboflavin 8
Vitamin K (Synkayvite) 10 Ca pantothenate 20
a-Tocopherol acetate 100 Folic acid 5
Free a-tocopherot 10 Biotin 0.05
B-Carotene 5 Ascorbic acid 50

Vitamin By, (0.1% trituration
in mannose) 10

2Nutritional Biochemicals 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.

EXPERIMENTAL PROCEDURES

Fats and Qils

The fats studied were cottonseed oil, olive
oil, corn oil, soybean o0il, coconut oil, chicken

fat, beef fat, butter oil, lard and a randomized
mixture of saturated medium chain triglyc-
erides (MCT), (mainly Cg and C;4). 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 of Average Body Weight at Early Age to Eventual
Average Life Span in Groups of Charles River Rats Fed Various Fats

Fresh Aerated
Average wt Average life Average wt Average life
Qil at 238 days, g span, days at 238 days, g span, days

Coconut oil 738115.8a 592428.4a 735:13,2 5494995
Chicken fat 723117.2 6134197 712418.1 655:23.5
Butter 703419,5 6264212 6944125 640318 7
Cottonseed oil 7011129 641424 2 7251232 6504250
Corn oil 6914155 652+21,2 687+14.0 6641272 2
Lard 688116.8 639120.3 697126.6 6654207
Soybean oil 6784125 6704221 6835132 6351219
Olive oil 646110.7 665:17.9 662413 5 64299 3
Beef fat 62641141 703119.2 6504116.0 6904171
mcTb 6141197 7031245

P <.001 =.005 P=.01 P<.01

4Standard error.
bSaturated medium chain trigly cerides.

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

S

2 i # =)

_ 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).
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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 10 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 (Tabie 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

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 20/16.3=1.23 24/15.7=1.53 12/8.0=1.50 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=1.173 (Irrad.) 4/8.3= .483
Olive oil 16/15.9=1.01 18/15.7=1.15 13/9.1=1.42 16/7.9=2.02
Beef fat 16/16.9= .94 20/17.0=1.17 6/9.6= .62 10/9.9=1.01
MCTb 16/17.6= .912 2/8.1= .252
Butter 11/15.3= .72 10/15.3= .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= ,743 (Irrad.) 2/8.4= .242
Chi square = 23.89 26.48 27.89 53.40
P (7 df) <.01 <.001 <.001 <.001

2Not in chi square calculations.
bSaturated medium chain trigly cerides.

tual life span, we selected the body weights at
238 days as indicative of early overweight.
Table 1II 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 of
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 Incidences 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 15/8.3=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
MCT2 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

(841

P=.02 P <.001

aSaturated medium chain triglycerides, omitted from chi square calculation.

factors derived from the whole population of
CR rats fed fresh fats (except coconut oil) were
used to calculate the expected incidences in the
groups fed oxidized and irradiated fats and in
the groups of W/Fu rats. The table shows that
with six of the eight fats, intake of the oxidized
fat was associated with an increase in the
incidence of severe fibrosis, whereas irradiated
fats were associated with only a slight increase.

The observed incidence of severe fibrosis
among the W/Fu rats was much lower, although
they lived somewhat longer and thus had higher
expected incidences. Nevertheless, in this strain
of rats, feeding of soybean oil was associated
with a higher incidence than was lard, and
oxidation led to an increase in the incidence in
both groups.

Many of the heart sections stained with
hematoxylin and eosin had deep blue areas
suggestive of calcification. Therefore an addi-
tional section from each heart was stained with
chloranilic acid (13) and counterstained with
Light Green SF Yellowish stain. We were
unable to find any of the brownish micro-
crystals formed between chloranilic acid and
calcium, probably because the tissues had been
fixed in Bouin’s fluid, an acid fixative. However
we did observe that the centers of many muscle
fibrils were not green, but appeared light
brown. Duplicate sections stained only with
Light Green SF Yellowish revealed that these
areas were evidently resistant to this stain
(appearing only light yellow). Lesions of the
myocardial fibrils, possibly similar to the one
noted here, have been described by others.
Wartman and Hill (14) described a change in
older myocardial infarcts, in which dead muscle
is not replaced by scar tissue and there is no
obvious loss of architecture,

Since the discoloration noted by us seemed
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to vary in amount with age and with dietary
fat, we graded the extent of this material on a
scale of Q0 to 4+ in a blind test; the data were
given the same kind of age-specific analysis used
in evaluating fibrosis, because the incidence of
extensive involvement varied from 4% among
rats dying between 400 and 500 days to 32%
among those dying after 800 days.

Table IV shows the observed and expected
incidences of marked discoloration. The ob-
served incidences among the rats fed fresh fats
varied from 216 to 36% of that expected on the
basis of the population as a whole; the differ-
ences between groups were highly significant. It
is apparent from the table that cardiac fibrosis
and “muscle fibril damage” vary in nearly the
same order from group to group.

The age-specific incidence factors derived
from the population fed fresh fats were used to
calculate the expected incidences in the groups
fed oxidized and irradiated fats and in the W/Fu
groups. The table shows that, in all groups,
feeding of the oxidized fat increased the inci-
dence over that seen in the group fed the
corresponding fresh fat; irradiation, on the
other hand, did not appear to have this effect
(if anything, there was less involvement), In
agreement with our observations on fibrosis,
the W/Fu rats showed less fibril involvement.
Among the W/Fu groups, those fed fresh
soybean oil also had a higher incidence; and
feeding of the oxidized lard, at least, led to an
increase in incidence over that in the group fed
fresh lard.

Renal lesions were present, to some extent,
in most of our older rats. They were charac-
terized by atrophy or dilatation of tubules and
hyaline casts (““thyroidization’) and by tubular
calcification. Similar changes have been de-
scribed by others (15,16). The glomerular
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changes observed by Bras and Ross (17) were
mild in our rats. Severe renal changes were
nearly always associated with hypertrophy of
the parathyroids. The severity of the renal
lesions was graded on a scale of 0 to 4+ ina
blind test, and the results were given an
age-specific analysis. There were no statistically
significant intergroup differences; if anything,
there were somewhat fewer cases of severe
kidney damage among those fed vegetable oils.
Furthermore feeding of oxidized fats did not
increase the incidence of this disease. There was
no correspondence between the distribution of

severe cardiac damage and severe kidney
thyroidization among the various dietary
groups.

Many livers of the Charles River rats had a
characteristic lesion of the bile ducts. This is
shown in Figure 1B. There were proliferation
and distension of the bile ducts and accumu-
lation of considerable amounts of connective
tissue usually without inflammatory cells. We
graded the liver sections as to the extent of this
bile duct proliferation and analyzed the results
by means of an age-specific analysis because
this disease also increased with age. The ob-
served and expected incidences of the severe
form of this lesion are shown in Table V. There
were significant differences among the groups,
with the groups fed unsaturated vegetable oils
having more lesions. Feeding of mildly oxidized
vegetable oils induced a higher incidence, which
was not the case with the animal fats. Irradi-
ation appeared to have the same effect as
oxidation. In view of the fact that there did not
appear to be any biliary obstruction or inflam-
matory cells, it seems likely that the prolifer-
ation was caused by some circulating toxic
material.

DISCUSSION

The various fats under study exerted long
term nutritional effects which did not appear to
be related to their fatty acid composition or
triglyceride structure. Even such mild oxidation
as was carried out in this experiment had
effects on hearts and livers. It is true that most
severe degenerative changes were brought on by
the unsaturated fats, including olive oil, and
that these changes were increased significantly
by mild oxidation. However the effects of the
oxidized fats occurred without an appreciable
rise in the peroxide, carbonyl and epoxide
values, which makes it seem unlikely that the
effects were due to changes in the fatty acids.
Therefore these results support our original
hypothesis that pharmacologically active mate-
rials present in the nontriglyceride fraction may
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be responsible for some of the long term effects
of fats and that these substances may be altered
by mild oxidation, with reduction or produc-
tion of toxic materials.

The fact that particularly the nontriglyceride
fraction of vegetable oils may contain active
materials can be assumed because of the prac-
tically limitless number of such materials in
plants (18), many of which are fat soluble.
Furthermore environmental contaminants were
detected in some of our samples. One batch of
chicken fat contained traces of chlorinated
pesticides, while one batch of soybean oil
contained 100 ppb polychlorinated biphenyls.
Fats also may contain hormones given to
animals in their feed; they frequently have
added antioxidants, the biological effects of
which are now under discussion. All of this may
explain why different long term experiments
often give different results and why future
work purporting to study the effects of triglyc-
erides should be carried out with caregully
purified fats. Because of the uncertainty “as to
what contaminants may be present in any fat,
there is at present little point in condemning
one fat more than another. Improved pro-
cessing of all fats for human consumption
seems necessary.
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