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HE CLASSICAL EXPERIMENTS of

Burr and Burr (13, I14) with fat-
free diets for rats led, some 30 years
ago, to discovery of the essential fatty
acids (EFA). Lack of these acids
in the diet causes development of
the EFA-syndrome, which so far is
best described in rats.

The EFA deficiency in weanling
rats is characterized by cessation of
growth in about three months. Skin
signs are scaliness of the tail and feet,
dandruff, failure of yellow-brown pig-
ment to develop on the back, rough
fur, and in severe cases development
of caudal necrosis, or death of tail
tissue. Histological studies of skin
have revealed a distinct increase in
the cell layers, and degeneration of
the oil-secreting glands (17, 32); this
latter finding is probably related to
the lack of pigment on the backs of
EFA-deficient animals.

Other characteristic indications of
EFA deficiency are pronounced in-
creases in calorie and drinking fluid
consumption, and in evaporation
through the skin, but a distinct de-
crease in urine output; in some cases
blood appears in the urine. Severe
degeneration can be found in the
papillary tissue of the kidneys, which
may also develop calculi, or stones, es-
pecially in the cortico-medullary sec-
tion. The presence of calculi, how-
ever, cannot be considered decisively
characteristic of changes caused by a
fat-free diet (4).

Another interesting symptom in
EFA deficiency is the degeneration
of the spermatogenic tissue layer of
the testis, which in severe cases re-
sults in tubules containing only a few
Sertoli cells, and epididymes which
are either empty or filled to some ex-
tent with cell debris or degenerated
cells. In the ovaries, in the interstitial
cells, is seen a shrinkage of the nu-
cleus and condensation of the chroma-
tin, resulting in “wheel nuclei” often
with a thorn apple appearance. Preg-
nant rats fed an EFA-deficient diet do
not deliver normal offspring, and lac-
tation is impaired also.

So far the EFA deficiency has been
handled almost entirely based on scor-
ing of skin signs and growth rate; the
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first is a subjective grading and the
latter is more an over-all than a spe-
cific indicator that something is ab-
normal. Furthermore, neither meas-
ure can give quantitative information
about the EFA content in the animal—
the EFA status.

The development of a micromethod
for analysis of polyunsaturated acids
in less than a gram of tissue (22) has
made analysis of biopsy material fea-
sible. Recently a method has been
proposed for in vivo determination of
the EFA status by analysis of heart
tissue and by orchectomy followed by
analysis and histological examination
(6). However, spectrophotometric
methods do not allow distinction of
differences in chain length, or detec-
tion of biological activity of the poly-
enoic, or polyunsaturated, fatty acids.

Several studies have been made to
determine the content and compo-
sition of the polyenoic acids in vari-

ous organs as well as of the carcasses
of normal and deficient animals (34,
36). Studies of this type have also
shown that certain transformations of
the unsaturated fatty acids take place
in vivo. A characteristic progressive
decrease of dienoic acid is to be ex-
pected in EFA-deficient animals, and
has been demonstrated several times,
e.g. in mice (I19) and in rats (I15).
Nunn and Smedley-Maclean (30)
demonstrated in 1938 an increase in
the trienoic acid content of tissue
lipides from EFA-deficient animals.
These findings have been confirmed
and extended recently (6). In Tables
1 and 2 are shown analytical data
from lipides of heart and testis tissue
of rats fed an EFA-deficient diet or a
diet with EFA for 12 weeks. The
greatest changes are found in the con-
tent of dienoic and trienoic acids; the
former is low, the latter very high in
the EFA-deficient animals, whereas

Table 1. Effect of EFA-Free Diet

and of EFA Supplementation on the

Polyenoic Acid Paitern of Heart
Tissve in Rats

Table 2. Effect of EFA-Free Diet

and of EFA Supplementation on the

Polyenoic Acid Pattern of Testis
Tissue in Rats

5%
SaF- 5%
In-  rFLower EFA- SaAr-
ITIAL O1L FrREE Ini- rFrLower EFA-
Con- (18 (18 TIAL O FRrREE
TROLS WEEKS) WEEKS) Cox- (18 (18
Diene 286 722 69 TROLS WEEKS) WEEKS})
Triene 42 9 455 .
Tetraene 346 267 134 ?u;ne gg 2; 18%
riene
Pentaene 124 49 21 Tetraene 161 227 146
Hexaene 114 6 11 Pentaene 109 197 171
Total 912 1053 690 Hexaene 37 8 18
Table 3. EFA Activity of Certain Polyenoic Faity Acids and Alcohols

Position oF DoOUBLE

No. oF

C AtoMms
Linoleic acid Cis
Linoleyl alcohol Cis
Arachidonic acid Cao
~-Linolenic acid Cis

Eicosadienoic acid Cyo

Linolenic acid Cis
Linolenyl alcohol Cis
Docosahexaenoic acid Cap

PDWLAATCN

Bonps (COUNTED FROM
tHe —CH; Group)

AcTiviTY
GrowtH SkiN CURE

9 + +
9 + +
9,12, 15 + +
9,12 + ?
9 + ?
6,9 + -
6,9 + -
6,9, 12, 15, 18 + -
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Linoleic acid is transported in the
lymph largely as triglycerides, ac-
cording to Blomstrand (12). Studies
with carboxyl-labeled linoleic acid by
Mead et al. (26) showed that more
than half of the ingested linoleate
appeared as phospholipides half an
hour later. This amount decreased
only slightly later on; at the same time,
a decrease in initial triglycerides and
an increase in sterol ester was ob-
served. This rapid conversion of
linoleate to phospholipides, and at a
somewhat slower rate, to cholesterol
esters, supposedly takes place in the
liver.

Alfin-Slater et al. (10) found in the
liver of EFA-deficient rats an accumu-
lation of cholesterol esters containing
primarily fatty acids, suggesting that
polyenoic acids are of importance in
the transport of cholesterol out of the
liver, Similar results were obtained
by Dam et al. (16) in rats fed a fat-
free diet. The serum lipoprotein com-
plex contains free and esterified cho-
lesterol, phospholipides, and glycerides
of saturated and unsaturated fatty
acids; much of the cholesterol is pres-
ent in the form of esters of polyenoic
acids.

On this background Holman (19)
suggested that cholesterol esters of
EFA are required as a part of the
serum lipoprotein lipides to maintain
the optimum physico-chemical prop-
erties of the mixture; therefore, these
unsaturated esters must be present
as a'rather constant proportion of the
normal lipide in transport, i.e., in-
gestion of or mobilization from the in
vito fat depots of large amounts of
saturated fat requires large amounts of
unsaturated cholesterol ester.

This assumption is in accord with
recent experiments with rats, in which
Peifer and Holman (31) showed that
inclusion of cholesterol in an EFA-
free diet hastens the appearance of the
skin signs, Similar effects have been
obtained with other compounds or
treatment known to cause hyper-
cholesterolemia, such as dietary cholic
acid, alloxan diabetes, thiouracil, Tri-
ton (a nonionic detergent), and tetra-
methyl-benzidine. On the other hand,
several observations have repeatedly
indicated that ingestion of fats high in
polyunsaturated fatty acids will cause
a decrease in serum cholesterol in
patients or animals with above nor-
mal blood fat and cholesterol levels.

The methylene groups between the
double bonds in the polyunsaturated
fatty acids are very reactive. Oils and
fats containing these fatty acids are
very easily autoxidized. It seems
quite possible that these active
methylene groups may function in
vivo in oxidation-reduction systems,
either in connection with, or as part
of enzyme systems. Such a function
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has also been postulated by Tappel
et al. (39) in the coupled oxidation
of antioxidants and other substances
by lipoxidase, under conditions in
which linoleate itself is not oxidized
by the enzyme,.

The presence of polyvenoic fatty
acids in enzyme preparations has also
been indicated. Crude preparations
of cytochrome oxidase have been
found to contain 20-30% of the fatty
acids as polyunsaturated acids. Re-
cently, Widmer and Holman (42)
studied the unsaturated fatty acid
content of a number of enzyme prepa-
rations primarily from beef heart
mitochondria. They found appreci-
able amounts of polyenoic fatty acids
present. Typical analyses are shown
in Table 4. EFA deficiency has also
been shown to change the activity of
several enzymes, e.g. of liver cyto-
chrome oxidase, succinic, glutamic,
and butyric dehvdrogenase.

Table 4, Polyunsaturated Fatty
Acid Content of Enzymatically
Active Subcellular Particles

ErEcTRON

BeerF HEART TRANSPORT
Acip TypE MitocHONDRIA PARTICLES

(% of total fatty acids)

Diene 28.6 33.4
Triene 5.1 5.5
Tetraene 11.8 15.4
Pentaene 2.9 3.5
Hexaene 0.03 0.02
Total 48 4 57.8
Total (9

of pro-

tein) 9.0 15.2

The fact that EFA deficiency causes
a drastic increase in the permeability
of the skin (32) may indicate that
polyenoic acids are also of importance
in connection with cell and membrane
permeability.  All in all, we must
admit that our knowledge of the
function of the essential fatty acids is
as vet very limited.

This discussion has been concen-
trated upon studies with rats, be-
cause that is the animal in which the
vast majority of experiments in this
field have been carried out. However,
the literature indicates that these par-
ticular unsaturated fatty acids are
essential for other species, also, al-
though information is rather scattered.
EFA deficiency has been studied in
dogs, mice, chickens, calves, pigs,
guinea pigs, rabbits, insects, and hu-
mans.

So far, experiences with EFA de-
ficiency in adult humans are scarce,
and the characteristic EFA symptoms
are not readily observed. Nutritional
studies in infants, especially by Han-
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sen and coworkers (18)%, have shown
that essential fatty acids are required
bv man. Another indication that
polyenoic fatty acids are important
nutrients for man is the large number
of medical reports on a relationship
between the amount and the kind of
dietary fat and atherosclerosis. How-
ever, the findings reported so far are
rather controversial in regard to the
effect of saturated, unsaturated, and
essential fatty acids, respectively, upon
hypercholesterolemia and atheroscle-
rosis. It seems impossible, therefore,
to give any final answer to these prob-
lems today.

Dietary fatty acids have also been
found to influence the activity of
fibrinolysin (35), and to increase the
coagulability of blood (24).

There can be no doubt that poly-
enoic fatty acids are necessary die-
tary components for man, although it
is not yet possible to give any figures
for the minimum daily requirements.
Furthermore, it might well be that the
requirements for EFA depend upon
age and not least upon the diet’s con-
tent of other nutrients such as satu-
rated fatty acids, unsaturated fatty
acids with no EFA activity, or cho-
lesterol. It is significant that the
essential fatty acids occur in abundant
amounts in most vegetable oils.
Therefore, a reasonable variation in
the diet most likely will supply man
with the necessary amounts of essen-
tial fatty acids.

¢ Since this paper was prepared, three papers
from Hansen’s group (]. Nutrition, 66, 343,
555, and 565 (1958)), on essential fatty acids
in infant nutrition have indicated optimum levels

of linoleic acid to be about 4 to 5% of the
caloric intake.
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