Role of Oleic Acid in the Metabolism of Essential

Fatty Acids*

G.A. DHOPESHWARKAR and JAMES F. MEAD, Department of Physiological Chemistry,
School of Medicine, University of California, Los Angeles

Groups of young male guinea pigs were fed diets containing
eorn oil, coconut oil, coconut oil plus elaidic acid, and coconut
oil plus oleic acid. The oleic acid-fed group showed signs of
essential fatty acid deficieney after four weeks and severe signs
after eight weeks. The elaidic acid-fed group did not show
these symptoms. It is proposed that oleie acid competes com-
petitively with linoleic acid as a substrate for the enzymes
involved in linoleate transformations when only a very limited
supply of linoleic acid is available to the animals and oleic aeid
is made available in relatively large amounts.

A detailed analysis of the serum, liver, and adipose tissue
lipid and a study of the incorporation of acetate-1-Ci¢ into dif-
ferent lipids is presented.

HE NUTRITIONAL properties of dietary fats have

been studied extensively, particularly since the

appearance of reports indieating that polyun-
saturated fatty acids influence serum cholesterol lev-
els (1,2). Although the geometric isomerism of the
unsaturated fatty acids has been recognized for some
time, the effect of such isomerism on the metabolism
of the acids was not extensively investigated. Before
the advent of radioisotopes, trans-isomers were used
as tracers since they could be easily distinguished
from tlieir cis-isomers by differences in physieal prop-
erties. Fat absorption was thus studied by R.G. Sin-
clair (3,4) with the aid of elaidiec acid. However the
consideration by H.M. Sinclair of the possible role
of these unusual trans-isomers in the cholesterol regu-
latory metabolism aroused eonsiderable interest in the
metabolism of these compounds (5). More recently
Holman and Aaes-Jorgensen studied the effects of
feeding trans and conjugated isomers of the poly-
unsaturated fatty acids (6). These authors concluded,
on the basis of a few animals, that the trans-acids
might have an action antagonistic to that of the essen-
tial fatty acids, a finding which was not confirmed in
the experiments of Mattson (7).

Isomerization of unsaturated fatty acids to frans
isomers is known to occur during processing of edible
fats and, because oleic acid is most abundantly found
in natural oils and fats, this acid and its ¢rans-isomer,
elaidic acid, were chosen for this study. In earlier
experiments (in press) it was found that elaidic acid,
when fed in combination with coconut oils gave ex-
cellent growth and lower serum cholesterol levels
whereas, the natural isomer, oleic acid, showed ad-
verse effects. An attempt is made in the present study
to find an explanation for this unexpected effect.

Experimental

Diets and Treatment of Animals. One-week-old,
healthy, male guinea pigs were fed the semi-synthetic
diet recommended by Reid and Briggs (8). Choice of
these animals was on the basis of the possibility of
separating the young from the mothers at only 2-3
days, leading to a much more rapid development of
dietary deficiencies. A daily supplement of 10 mg. of

1 This paper is based on work supported in part by United States

Public Health Grant No. HTS 5306 and by a grant from the Nutrition
Foundation Inc., New York.
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ascorbic acid was given to all animals. Different
groups, of 12 animals each, received the following
types of lipids in the diet:
Group I, 7.3% corn oil
Group Il, 7.3% coconut o1l
Group 111, 3.65% coconut oil plus 3.65% oleate
(free acid or ethyl ester)

Group 1V, 3.65% coconut oil plus 3.65% elaidic
acid

Group V, 3.65% oleate only

Group VI, 3.65% elaidic acid only

Group VII, fat-free diet

Oleic acid obtained from Nutritional Biochemicals
Company (Ohio) was purified and esterified with
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F16. 1. Growth of animals on diets containing different fats.
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e ® Coconut oil + oleic acid
Coconut oil
X X Coconut oil 4 elaidic acid

ethanol to give a mixture composed of 83% ethyl
oleate and 13% ethyl palmitoleate. Elaidinization
was carried out by heating in the presence of sele-
nium. Several crystallizations at —20°C. gave chro-
matographically-pure elaidic acid.?

In all cases the lipid component was doubled after
four weeks, and the animals were maintained for a
total period of 8-9 weeks. At the end of this experi-
mental period the animals were given intraperitoneal
injections of 15 ue of acetate-1-C'* and sacrificed after
1-,2-, and 4-hr. periods.

Animals were anaesthetized with Nembutal, and
blood samples were withdrawn by direct heart pumne-
ture and heparinized ; the separated plasma was stored
at —20° until analyzed. The liver was first perfused
with saline solution to remove most of the blood, then
removed for extraction of lipids. Adipose fissue was
removed, and the lipids were extracted.

Lipids were extracted from tissues by homogeniza-

2 Gas-liquid chromatographic analysis was performed, using a Wheelco
Model 10 (Barber-Coleman Company) apparatus with a 6-ft., 6-mm.

1.D. column of ethylene glveol succinate polyester on 80-100 mesh
siliconized chromosorb at 185-192°C,
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TABLE I
Composition of Eluents Used in Silicic Acid Column Chromatography

Eluent Fraction eluted

100 ml. of n-pentane

200 ml of 29, ethyl ether in pentane
200 ml. of 5% ethyl ether in pentane
200 ml. of 209 ethyl ether in pentane
200 ml. of ethyl ether

200 ml. of methanol

Hydrocarbons

Sterol esters
Triglycerides

Free sterol

Mono- and diglycerides
Phospholipids

tion in chloroform-methanol (2:1), followed by wash-
ing with saline, drying the chloroform layer with an-
hydrous sodium sulphate, and evaporating the solvent
under nitrogen. The serum lipids were extracted ac-
cording to the method of Folch ef al. (9).

Separation and Analysis. The total lipids were first
separated into different classes by silicic acid column
chromatography. Silicic acid ® was mixed with meth-
anol in the ratio of 1:5 (weight:volume) in a large
beaker and allowed to settle for 10 min. The methanol
was then decanted, thereby removing the fine particles
of silicie acid. This process was repeated four times,
and the silicic acid was then spread over an aluminum
tray and air-dried. The removal of the fine particles
not only gives a desirable flow-rate but also eliminates
the washing of the column by methanol to remove pig-
mented material from erude silicic acid. To 15 g. of
this pretreated silicic acid were added 40 ml. of ace-
tone; the resulting slurry was packed on a column
(34 x 14 in.) under gentle suction. Acetone, ether,
and n-pentane ( 100 ml. of each) were passed through
the column before the lipid sample, 100-150 mg., dis-
solved in minimum volume of pentane, was washed
onto the column. The concentration of the eluents
passed through the column, and the fractions collected
are shown in Table 1. All the solvents were evaporated
under nitrogen, and the samples were transferred to
3-dram vials for counting the radioactivity.?

Transmethylation of sterol esters, triglycerides, and
phospholipids was carried out with 1% of methanolic
sulphuriec acid. Samples not more than 10 mg. in
weilght were dissolved in 9 ml. of methanolic sulfuric
acid:benzene (2:1) in 15-ml. centrifuge tubes. The
tubes were heated in refluxing methanol-benzene for
8-10 hrs. The methyl esters from the phospholipids
and triglycerides were extracted with ether in the
usual manner. In the case of sterol esters, the methyl
esters were freed from free sterols by thin-layer silicie
acid chromatography (11) and were analyzed by gas-
liquid chromatography.?

Finally the sterol ester, triglyceride, free sterol, and
phospholipid fractions were counted for radioactivity.*

Results

The growth of the various groups is shown in Fig-
ures 1 and 2. Growth was excellent with corn oil
{Figure 2); coconut oil gave good growth (Figure
1), but the animals developed a rough coat. When
half the proportion of coconut oil was replaced by
oleic acid or ethyl oleate, the animals showed ex-
tremely poor growth and a higher percentage of mor-
tality. After about four weeks all the animals lost
the fur on the abdominal area, and the skin on their
legs became rather rough and scaly. Although after
about five weeks some of the animals had regained

3 Silicic_acid, Baker analyzed réagent, from J.T. Baker Chemical Com-
pany, Phillipsburg, N.J., was used.

+ All counting was performed with a single channel seintillation coun-
ter of the type described by Hodgson, Gordon, and Ackerman (10) at
1150 volts and 77 £ 0.29 sensitivity, Samples were weighed into 3-
dram vials and dissolved in 5 ml. of toluene, containing 5 g. of phenyl-
biphenyl oxadiazole and 0.1 g. of “POPOP’ per liter.
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their fur, they ceased to gain weight and after 8-10
weeks 60-75% of the total number of the animals on
this diet had died. When coconut oil was omitted and
only oleate was fed, a similar response was observed,
but the onset of the symptoms was apparent even
earlier and the symptoms themselves were more se-
vere. Doubling the fat content of the diet after four
weeks definitely increased the severity of the symp-
toms. However, when half of the coconut oil was
replaced by pure elaidic acid, no such symptoms were
observed. The animals continued to gain weight, and
there was no hair-loss or mortality until after nine
weeks. Figure 2 illustrates the effect of feeding a
supplement of methyl linoleate (100 mg. per day)
to the oleic acid-fed group. No loss of hair or develop-
ment of scaly skin was observed, and the animals
apparently did not suffer from deficiency symptoms.

Finally animals on the fat-free diet also lost hair
and developed dermal symptoms, but this was evident
about one-and-a-half weeks later and the early mor-
tality was much less than with the oleic acid-fed
group.

Table II gives the percentage composition of the
lipids of serum, liver, and the adipose tissue of the
corn oil-fed group, coconut oil plus elaidic acid-fed
group, and the coconut oil plus oleie acid-fed group.

The percentage composition of the serum lipids in
the three groups does not differ very greatly although
the total lipids (mg./100 ml.) of the oleic acid-fed
group are significantly higher than those of the other
groups.
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TABLE 11
Composition of Serum, Liver, and Adipose Lipids
Dietary Total lipids Hydrocarbons Sterol esters Triglycerides Free sterol Monoglycerides Phospholipids
group mg. % ) mg. mg. % mg. % mg. % mg. % mg. %
S(:‘:rum 222 £ 43 2.7+24 26944 7.3*x3.2 149 *+23 15.2 *+=41 33.3 6.2
C.0. LlYer . 53 =15 0.3 = 0.05 1.4+ 0.23 12.1 = 6.7 7312 54 =14 73.0=8.9
Adipose tissue 639 * 57 0.3 +0.2 0908 84.0 3.6 42*1.2 54 *=3.3 4.7 = 3.6
Sgrum 228 £ 171 3.024 35.5*59 16.2 £49 15.5%£2.2 3.2 *=0.8 27.6 £ 7.8
E.A. Ll\{el‘ . 57*+13 2.7+1.1 1.5*+0.6 33.0 =14 5.0 %12 1.9 =03 57.0 =13
Adipose tissue 226 = 48 1.3X0.9 1.3 0.6 88.0 3.4 1.8*x0.9 1.1 *=0.8 7.0*x22
S@rum 346 = 85 4.0 =09 328=*x21 161 *x23 12.3 £1.7 51515 296 2.7
0.A. Ln{er X 40 *+ 8.7 0.6 0.4 1.9+0.8 102 5.2 68 +1.8 1.7 £0.9 79.0 5.4
Adipose tissue 243 *+ 120 1.0 = 0.07 26*+16 77.0x13 5.1 %35 1.7 *=1.0 12.1 =890
C.0., corn oil-fed group; E.A., elaidic acid-fed group; O.A., oleic acid-fed group.

The liver total lipids do not show significant changes
despite the fact that the oleie acid-fed group showed
symptoms of essential fatty acid deficiency. In the
elaidic acid-fed group the phospholipid fraction seems
to be reduced whereas the triglyceride fraction has
increased.

The total lipid per g. of adipose tissue in both
elaidic- and oleic acid-fed groups was reduced below
the control values, a finding which was also reflected
in the growth curves of these groups.

Table 111 shows the percentage composition of the
fatty acids of sterol esters, triglycerides, and phos-
pholipids. The most striking difference in the serum
sterol ester, triglyceride, and phospholipid fatty acids
is the lowering of linoleic acid in both the elaidic- and
oleic acid-fed groups. There is a concomitant increase
in the lauric and myristic acids. Moreover the ratio of
phospholipid stearic acid to oleic acid is much lower
in the elaidic acid-fed group than in the oleic acid-
fed group while in the corn oil-fed group it appears
to be reversed. Liver sterol esters formed only a very
small percentage of the total lipids, hence were not
studied with respect to fatty acid composition. To
get the composition of the total fatty acids, the liver
total lipids were saponified with aleoholic potassium
hydroxide and the fatty acids were extracted in the
usual manner. Both lauric acid and myristic acid
from the triglycerides are much lower in the corn
oil-fed group. Once again linoleic acid is much higher
in the corn oil-fed group. The same holds true for
arachidonic acid. The presence of eicosatrienoic acid
in the oleie acid-fed group was confirmed by plotting

the retention times of standard eicosamono-,
and pentaenoic acids.

The adipose triglycerides and total fatty acids seem
to follow the same trend as the liver lipids.

The incorporation of acetate 1-C'* into the serum,
liver, and adipose tissue (Table IV) cholesterol ester,
triglyceride, and free cholesterol fractions of the oleie
acid-fed group was greater than for the elaidic acid-
fed group during the first hour. It remained more
or less constant during the next three hours in the
oleic acid-fed group whereas in the elaidic acid-fed
group there was a rapid rise after four hours.

The activity of the phospholipid fraction was higher
in the corn oil-fed group during the first-hour period
compared with the other groups but decreased in the
subsequent intervals. In the oleie- as well as elaidic
acid-fed group however the activity seems to have
been increasing during the two- and four-hour periods.

tetra-,

Discussion

From the results of these experiments it is evident
that the animals receiving corn oil or coconut oil as a
source of dietary fat showed reasonable growth and
no obvious symptoms of dietary insufficiency. How-
ever replacement of half of the coconut oil by oleic
acid or ethyl oleate led to poor growth, loss of hair,
and high early-mortality rate. That these symptoms
were due to a deficiency in essential fatty acids was
shown by ecomparison with animals on a fat-free diet,
also by the fact that they did not occur when a daily
supplement of 100 mg. of methyl linoleate was given.

TABLE III
Composition of Serum, Liver, and Adipose Fatty Acids

Palmit- Eicosatri-| Arachi-
Dietary Lauric Myristie Palmitic oleic Stearic Oleic Linoleic Linolenic enoic donic
group % % %o Fo %o o Fo Yo Yo %
Sterol C.0. Serum | ..o | e 91+ 19| 0.9=*+0.5 0.4+02 |106*=58!744*% 9.8 |Trace [ 48*+2.5
esters E.A. Serum | ... 174+1.8112.3 = 3.0 15927 Trace 33.5*+30]207=%= 18 ... ... |
0.A. ) Serum 1.0*+03)128*+1.7|11.7T%x 19183 *33| ... 3564+1.6 206 40 |...... ... |
¢.0 Serum | ... Trace 179+ 1.3] 06*0.3[360+39 |153+=43|242x 53
M Tdver |l 13.2* 6.3 ... 35.7+t4.6 68+24 363% 3.6
Phospho- TA Serum | ... 28+0.6|179* 29 2809018727 741.0==52 150 138
lipids T Liver | e 1.3+x0.51185% 21| 33*+0.3(224=*2.0|39.0%81]187% 353
0.A Serum 20%0.6(14.9*+ 16| 3.0Fx02|28.0*2.5}348*+11)17.1F 4.2
e Liver ] e 13*x04] 96* 1.1 47+0.8|821*+2324.6+1.0(23.7T%X 2.0
Serum 12*+0.5j2483* 81| 2.2=*x1.1 453+0.9 (322*x33(362%x 64
C.0. Liver 1.0+05(289* 9.6 1.4*+0.3 3.0x1.5 1224 x4.742.0x15.0
Adipose tissue 09+04)241*+118| 1.1 *x0.6 41*+08 |284+=331401*17.0
Triglye- Serum 141+30|298* 08| 7.3*x0.6 42%+09 [41.9*2.0 24+ 03
g E.A. |Liver 3.8+1.2/288+5127.7> 27| 6104 ... 31.3+6.5]| 23x 0.7
erides Adipose tissue | 17.1 = 6.2 282+ 9.1!1226* 58| 2.5*1.1 20*+0.7 (25971 1.6+ 038
Serum 1.8+0.71146*+74(23.3* 7,7/103=x13 3.9*+09 |44.0x5.7 4.6+ 08
O.A. | Liver 26*+06(157+34(198=* 33, 9.6 04 2.3+0.6 [ 42.1 = 6.7 61 1.1
Adipose tissue|17.6 = 2.8{21.6 - 3.6{12.5* 25| 6.4*+08] 23 *14 [360%82 1.7+ 0.7
.0 Liver 0.3 1.0 19.2 0.9 21.8 12.2 39.4
Total Y | Adipose tissue| ...... 0.8 27.2 1.8 3.8 29.3 34 .4
fatt: A Liver 2.6 16.6 21.6 4.2 9.5 30.9 13.8
i &+ | Adipose tissue| 9.7 19.4 21.7 3.9 4.4 37.3 25
acids 0.4, | Liver 0.5 3.2 13.6 6.1 21.8 32.8 18.1
1 Adipose tissue: 17.4 18.1 115 5.1 1.2 43.9 1.6

C.O.,corn oil-fed group; E.A,,

elaidic acid-fed group; O.A., oleic acid-fed group.
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TABLE 1V
Incorporation of Acetate-1-C!* into Serum, Livsr, and Adipose Lipids

Sterol esters Triglycerides Free sterol Phospholipids
Ir;{tﬁr- Sp. Act. cpm./mg. Sp. Act. cpm./mg. Sp. Act. cpm./mg. Sp. Aet. ¢pm./mg.
co. | EA | 0A. | co | EA | 0a | co | EA | 0a | Ba | oa
1 Serum 1 2 4 191 202 | 208 | 88 | 32 37 28 | 49 | 14
hour Liver 70 8 12 305 15 | 169 | 49 | 29 21 39 | 14 13
Adipose tissue 43 14 34 35 4 [ 14 | 34 & 19 37 ! 64 ‘ 23 | 44
2 Sgrum 10 16 3 130 449 | 194 83 113 36 38 53 ! 12
hours le‘er ) 19 51 12 89 235 i 110 ’ 43 48 21 20 27 : 17
Adipose tissue 18 25 20 2 33 | 3 | B 58 28 24 47 ’ 19
; | ot

4 Sgrum 3 12 3 33 74 146 i 18 46 28 i 17 ! 85 31
hours Ln{er ) 15 30 11 57 57 66 | 34 | 53 24 | 18 | 14 | 17
Adipose tissue 6 27 24 4 7 11 f 5 | 50 42 ! 24 ! 22 i 31

C.0., corn oil fed-group; E. A,

elaidic acid-fed group; 0.A., oleic acid-fed group.

The observation that even this supplementation did
not produce as good growth as replacement of the
coconut o0il by corn oil may be explained by the
estimation that animals consuming corn oil were re-
ceiving 600-700 mg. of linoleate per day, an amount
which may be more nearly optimal for these animals.

This adverse effect of feeding oleate was surprising,
considering the fact that olive oil, which supports nor-
mal growth, has about 85% of oleic acid. It was more
puzzling because none of the above symptoms were
observed, and the animals appeared healthy and nor-
mal when oleate was replaced by elaidic acid. It was
difficult to conceive that elaidic acid has any growth-
promoting properties; however this was quickly
cleared by observing that a group maintained on
elaidic acid only did not show normal growth. In
fact, the loss of hair and other symptoms were seen
at about the same time as in the oleate-fed group
although the gain in weight of the former group was
slightly better.

Attention was thus focused on the possibility that
oleic acid interfered with the normal utilization of
some other ecomponent in coconut oil. As we were
dealing with essential fatty acid deficiency symptoms,
this component might be linoleic acid. Gas-liquid
chromatographic analysis of coconut oil showed that
it contained 1.5% of linoleic acid, furnishing about
20 mg. of linoleic acid per day per guinea pig. This
amount, although small, can support almost normal
growth without any deficiency symptoms as shown by
feeding coconut oil alone. However, when compara-
tively large amounts of oleic acid are included in
the diet, the animals no longer can utilize the small
but significant amount of linoleic acid and deficiency
symptoms are observed. When an additional supple-
nient of linoleic acid was given, the equilibrium shifted
towards normal utilization of linoleic acid. Thus it
seems that when only small amounts of linoleic acid
are available and oleic acid is fed in considerably
larger amounts, oleic acid interferes with the utiliza-
tion of linoleic acid. It may be possible that under
these cirenmstanees oleic acid competes with linoleic
acid and acts as an inhibitor with some of the en-
zymes involved in arachidonic acid formation. If such
is the case, metabolites of oleic acid would accumulate
in the oleic acid-fed group. Eicosatrienoic acid, which
is formed from oleic acid under conditions of fat defi-
ciency, was found in the oleic acid-fed group and was
absent in the other groups (Table III).

Using the same argument, it seems that the enzyme
involved must have negligible affinity for the trans-
isomer, elaidie acid, which therefore does not interfere
with the utilization of the small amount of linoleic
acid present in coconut oil; hence it remains inert

so far as the enzyme is concerned. This explains the
absence of trienoic acid in the liver fat, also a some-
what similar growth curve of the elaidic acid-fed
group and the fat-deficient group.

The adverse effect of feeding oleate agrees in part
with similar observations reported by Bosshardt and
co-workers (13) for mice, and by Thomasson ef al.
(14) for rats.

Analysis of the fatty acids of sterol esters and
phospholipids revealed a very low level of arachidonie
acid in guinea pigs, agreeing with reports by Swell
and eco-workers (13). Tove and Smith (16) observed
a decrease in palmitoleic acid and an inecrease in
stearic acid when a high percentage of linoleic acid
was fed. This agrees well with the corn oil-fed group
in the present study. The higher percentage of lauric
and myristic acids in the oleic- and elaidie-fed groups
must be from the coconut oil in the diet. The higher
percentage of palmitoleic acid may be due to either
the deficiency state of the oleate-fed group (17) or to
the fact that the oleic acid used in the diet contained
about 12-13% of palmitoleic acid.

Reiser et al. (18) have reported the specific activi-
ties of various lipid components isolated from animals
injected with acetate-1-C'* and sacrificed after 24
hrs. The plasma triglyceride activity in the cotton-
seed oil-fed group was minimum whereas those of
the low-fat-fed animals had highest activity. In the
present study the corn oil-fed group (comparable to
the cottonseed oil-fed group) has minimum activity
in the serum triglyceride fraction after four hours,
and the oleic acid-fed group showing signs of fat
deficiency (comparable to the low-fat-fed group) has
the maximum activity. The same could be said about
the phospholipid fractions. The sterol esters however
do 1ot show such similarities.

The liver and adipose trigiycerides had the lowest
activity in the corn oil-fed group after four hours
in agreement with the observations on the cottonseed
oil-fed group by Reiser et al. It may also be noted
that the fall of activity of the triglycerides in the
corn oil-fed group from one hour to four hours is
considerable, indicating the possibility of further loss
of aectivity at later time-intervals.

The elaidic acid plus eoconut oil-fed group would
be comparable to the saturated fat-fed group because
the fatty acids of coconut oil are mostly saturated,
and elaidic acid, with a higher melting-point than
oleic acid, would be comparable to a saturated fatty
acid. Moreover elaidic acid did not interfere with
the utilization of essential fatty acids. Comparison of
the specific activities of these two groups shows identi-
cal patterns of intermediate incorporation of activity
in the serum and adipose triglycerides.
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Influence of Lauroyl and Myristoyl Peroxides and Oxidized

Cottonseed Oil on Depot Fat and Liver

Lipid Composition **

HANS KAUNITZ, C.A. SLANETZ, and R.E. JOHNSON, Department of Pathology
and the Institute of Comparative Medicine, Columbia University, New York, and S.F. HERB,
Eastern Regional Research Laboratory, Philadelphia, Pennsylvania

In view of the interest in the biological properties of prod-
uets of fat oxidation, lauroyl and myristoyl peroxides were fed
and their nutritional effects compared with those of autoxi-
dized cottonseed oil, which had been analyzed for its eomposi-
tion. Purified diets containing ne fat + 2% of linoleic acid,
5% lauroyl or myristol peroxide, or 10% oxidized cottonseed
oil were fed to weanling male albino rats for 73 to 98 days,
after which they were killed and their organs weighed. Their
sera, livers, and testicular fat bodies were used for lipid
analysis.

‘With peroxides, growth was significantly depressed but not
as much as when oxidized cottonseed oil was fed. Analysis of
organ weight data showed that peroxides and oxidized cotton-
seed oil differed in their effects. Animals fed the latter had
significantly heavier livers, kidneys, and hearts. The rats fed
peroxides were also different from those fed the fat-free diet
and those kept on restricted food intake. Gas chromatographic
analysis of the testicular fat hodies revealed a greater depo-
sition of oleate in the animals fed oxidized cottonseed oil, which
suggested that these animals were unable to use the oxidized
oil for depot fat formation. Tn the animals fed lauroyl and
myristoyl peroxides, appreciable amounts of laurate and my-
ristate, respectively, were found. The composition of the liver
neutral fat of the animals fed peroxides was similar to that
of the animals fed the low-fat diet + 2% linoleic acid. Serum
cholesterol levels of the rats fed peroxides were about 70 mg. %,
and of those fed oxidized cottonseed oil, 53 mg. %. The groups
fed peroxides also had significantly higher liver cholesterol lev-
els, which suggests that peroxides and oxidized ecottonseed oil
differed in their effects on cholesterol formation and transport.

HE NUTRITIONAL EFFECTS of substances developed

in fats under the influence of heat and oxygen

have been studied during the last decade. It

has been pointed out that many of these materials are

toxic (1,10,12). Later studies showed that oxidized

fats or some of their fractions have other pharmaco-

1 Aided by Grant A-1654 from the TUnited States Public Health
Service.

2 Presented at the 34th fall meeting of the American Oil Chemists’
Society.

logical properties, some of which seemed to invite
further work (8,9,4).

Hardly any pharmacological studies of the mate-
rials formed in heated and aerated fats have been
carried out because none of the polymers have been
purified, and pure peroxides are not easily obtain-
able in sufficient quantities for nutritional work. In
one such study, olei¢ peroxide was found not to in-
fluence growth (11). For the experiments reported,
lauroyl and myristoyl peroxides were selected although
they do not occur during autoxidation of fats. They
are oxidation products of fatty acids and are readily
available and relatively stable. Furthermore it seemed
to us that biological data obtained with any products
of fatty acid oxidation would be valuable. Their nu-
tritional effects on rats were compared with those of
a low-fat diet and one containing highly-autoxidized
cottonseed oil in order to have some comparison of
short-chain oxidation produets and fat polymers. The
animals were observed for body weight, organ weights,
serum cholesterol levels, and composition of the neu-
tral fat of the liver and testicular fat bodies.

TABLE I
Composition of Oxidized Cottonseed Oil
%o
Unsaponifiables.... 1.4
Fatty acids......... 51.5
Polymerized material.. 26.4
Carbonyls.... 9.4
Unknown.... 3.4
H20-soluble fragments......... 7.9
Fatty Acid Composition Based on Total Oil
Yo
0.7
20.4
0.5
2.3
12.7
14.5
0.4
51.5




