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The Metabolism of Polyenoic Fatty Acids

E. KLENK, Institutc of Physiological Chemistry, University of Cologne, Cologne, Germany

Abstract

Feeding experiments with C**-labeled and un-
labeled unsaturated fatty acids have been used
to study the possible routes of formation of the
Coo- and Cop-polyenoic fatty acids of rat liver
phosphatides. The acids of the palmitoleate, ole-
ate, linoleate, and linolenate types (considered on
the basis of the position of the double bond closest
to the methyl end) are apparently formed from
the Cyg and Cis unsaturated acids of the cor-
responding types. The results rule out possible
transformations of the Ci- and Cae-polyenoic
acids from one type to another, and demonstrate
the exclusive introduction of new double bonds
toward the carboxyl group. Isomers of linoleate
or linolenate in which the double bonds were
shifted by one carbon atom toward the carboxyl
or methyl groups were incorporated into the
phosphatides only to a negligible extent in the
form of polyenoic acids.
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osT oF THE (s and Cae-polyenocic fatty acids
lVI occurring in the phosphatides of the higher
animals have their first double bond (counted from
the terminal methyl group) in the 6 or 3 position.
Linoleic acid, the Cig-diene, has its first double bond
in the 6 position and linolenic acid, the Cjs-triene,
has its first double bond in the 3 position. Thus the
larger polyenoic acids may be considered as being
either linoleic or linoleic acid types (Fig. 1). The lat-
ter acids have been shown to be precursors of the
longer acids, undergoing chain-elongation and intro-
duction of new double bonds (1). The new double
bonds are directed toward the carboxyl group and
maintain the divinyl-methane rhythm. The enzyme
system carrying out these reactions is found in the
liver microsomal fraction, as shown by Stoffel (2).
Besides the long polyenocic acids of the above two
types, we have found in phosphatides a smaller amt
of 20:35811 with a structure of the oleic acid type,
the first double bond being in the 9 position (3,4).
1t has been known for some time that a Cge-trienoie
acid accumulates in liver lipids of rats on a fat-free
diet. Mead and colleagues (5) have identified this
acid as being 20:3%811 and have given evidence for
its synthesis from acetate (6). The reasonable assump-
tion has been made that stearic and oleic acids are
intermediates in the biosynthesis. We have given
direct evidence for the transformation of oleic acid
into this triene by feeding 8-C'*-oleate to fat-deficient
rats (7). The labeled fatty acid was made by total
synthesis. Both the Cyy-triene and arachidonic acid
were isolated from liver. The triencic acid bad a
specific activity of 8730 dpm/mg and 96% of its
radioactivity was located in the malonie acid obtained
by oxidative ozonolysis. The nature of the reactions
is illustrated in greater detail in Figure 2.
On the other hand, the Cag-tetraenoic acid of the
linoleic acid type, arachidonie acid, had a specific
activity of only 115 dpm/mg. Thus only the 20:3%%11
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TABLE I

Polyunsaturated Fatty Acid Fraction (PFA) from Rat Liver after
Feeding of {(14-3#C) allcis A% 2Cis® - Cisu 20%; Spec. Activity
8420 dpm/mg. G 14% ; Cis2 10% ; Coos 24%;

Coo:4 289, ; Co2:4 and 6 4%.

Degradation by oxydative Degradation by reductive
ozonolysis ozonolysis

Yield in Spec. Yield in Spec.

mole/mole activity DNPH mole/mole activity
PFA dpm/mg PFE dpm/mg

Maleonic

acid 0,85 4 Nonanal 0,17 11k
Heptanal 0,14 8b

Hexanal 0.34 20 400
Propanal 0,05 9

# Fat-free diet 4 supplement of inactive linoleiec acid.
hAfter repeated purification.

has its direct origin in oleic acid. Here again the
positions of the newly introduced double bonds are
determined by the position of the double bond nearest
the terminal methyl group. Apparently the same
enzyme system mentioned before (2) is aetive in
introducing new double bonds and carbon atoms.

In further work we have investigated the possibility
that dehydrogenation can take place towards the
methyl group, that is, that the Cgo-triencie acid of
the oleie acid type can be transformed into the Cap-
tetraenoic acid of the linoleic acid type (arachidonic
acid). This possibility is suggested by the observation
that arachidonic acid is rigidly held by liver phos-
phatides even when linoleic acid is not supplied for
its biosynthesis. Against this possibility is the result
reported above with labeled oleate, for the ratio of
speeific activities in the two Ca acids was about 76:1
(triene :tetraene).

This point has been studied further by feeding
experiments with linoleic and linolenic acids labeled
with C in positions 14 and 17, respectively. These
acids too were obtained by total synthesis. The
prineiple of our procf is demonstrated with linoleate
as an example (Fig. 3), in which two theoretically
possible conversions—into polyenoic acids of the lin-
olenate type or oleate type—are shown. If our labeled
linoleate were to be simply elongated and transformed
into acids of the linoleate type, the only radioactive
aldehyde obtainable by reductive ozonolysis of the
liver polyenoic acid mixture would be hexanal. If it
were elongated and dehydrogenated to form acids
of the linolenate type, oxidative ozonolysis would
vield labeled malonate. Transformation into the
oleate type would result in formation of radioactive
nonanal on reductive ozonolysis. Table I shows that
malonate and nonanal are both almost entirely devoid
of radioactivity, so it may be concluded that fatty
acids of the linoleic acid type are transformed into
neither the linolenate mor oleate types. Half of the

TABLE I1

Polyunsaturated Fatty Acid Fraction (PFA) from Rat Liver after
Feeding of (17-1#C)-all cis A%1215.Cig:30 2) Fat-Free Diet -
Supplement of Inactive Linolenic Acid; b) Normal Diet.

Composition of the PFA-fractions

Cua | Cisi | Ciga I Cis:z | Casis | Ceois | Cooia | Coo:5 | Cazis | Co2ie inﬁre?nt.
)| 1 | 4 |7 518 | 16 11 l 17 } 2 | 33! 1
h) 1 2 28 1 1 45 1 2 16 2

Degradation by reductive ozonolysis

Yield in mole/mole PFA Spec. activity dpm/mg

DNPH | a b 2 { b
Nonanal.. ... ‘ 0,14 0,19 42 0=
Heptanal..... 0,06 0,13 29 142
Hexanal....... 0.07 0,47 4 52
Butanal....... 0.01 - 172 -
Propanal..... 0.44 0.19 8 670 12 300

a After repeated purification.
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Fig. 4. Gas chromatograms and distribution of radioactivity
in per cent of the PFA-ME of rat liver.

activity in the hexanal originated in the original
linoleate present in the polyenoic acid fraction, and
the rest from elongation products.

A similar result was obtained in a comparable ex-
periment with 17-C*.inolenic acid. Here the ques-
tion was raised whether a transition into polyenoie
acids of the linoleate or oleate types might occur by
hydrogenation of the double bond nearest the methyl
end. In this case, reductive ozonolysis would yield
not only radioactive propanal (from linolenate type
acids), but also labeled hexanal or nonanal. It is
evident from Table II that both hexanal and nonanal
have almost zero specific activity.

Thus it appears to me that an unambiguous proof
is given for the biogenesis of the Cg- and Cae-poly-
unsaturated acids of the oleate, linoleate, and lin-
olenate types from unsaturated Cs aecids (possibly
also from Ci¢ acids) of the same type. Transition
of one into the other type is excluded.

Further details of the transformations of the labeled
linoleate and linolenate are shown in Figure 4. They
confirm what is known from the earlier experiments
of Mead and ourselves.

Labeled Cie-polyenoic acids of the linoleate and
linolenate types behave in feeding experiments just
like the corresponding Cig acids (8-10). Some of the
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TABLE III

Composition_of the Polyunsaturated Fatty Acid Fraction
of Liver Phosphatides of Rats, Fed a Fat-Free Diet
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TABLE VI
Reductive Ozonolysis of Cz2-PFA from Liver after Application
of (16-14()-all eis ASILI.Cigig (I) and of (15-%C)-all cis
A Cgee (IT); Fat-Free Diset 4+ Supplement of the

Amt in % Components of the components corresponding Inactive Aecids

Cien 13 A®- Yield in mole/mole PFA Specific activities

Cus:1 37 A% and AL (7:3)2 in dpm/mg

Cus:2 7 ASIL gnd A%12. (4:6) DNPH 1 11

Coo:t Traces AL gnd A (7:3) oo I IT

Coos 4 ABSIL gnd ALIGIS. (9:1) R Coozz Caos Coo:4 C20:3-5 Cao:2

Cop-4 13 A$7,10,13_ gnd A58 ILI4]

Caza 31 . . Nonanal? 0,39 0,282 0,63 0,03 170 300

Caoe | 39 Not investigated Heptanal 0,08 014 002 013 520 300

. s . 3 . , 4 1
a The figures in brackets indicate the ratio of the two isomers. P::?a?al 0 il 822 0 9_3 0 f7 29_0 158 288

Butanal 0.04 - - - 108 600 -
Propanal 0,01 — - - 2 400 —

TABLE IV

Feeding of All cis A%U-Cis:z to Rats on a
Fat-Free Diet for a Period of 5 Weeks

Reductive ozonolysis of
CN-II)EA fmmf liver gfécer
e application of (18-%4(C)-
Ccﬁ%‘;gmg%&ef all eis AS-(fig:92
in % Yield in Spec. ac-
DNPH mole/mole tivity
PFA dpm/mg
Cas:x 12 (133® Nonanal 0,27(0,32)° 20
Cisa 42 (49) Heptanal 0,15(0,15) 220
Chs:z 6 ( 4) Hexanal 0,30(0,24) 0
Caos 26 (25)
No?iogen- 90D 2 8pee. activities: Cis:z 6900
Hified 5 ( 2) Czo- and Ce2-PFA 310 dpm/mg

bThe figures in brackets are the corresponding comparative values
for animais on a fat-free diet.

acids were obtained synthetically, some from algae and
herring oil. Figure 5 summarizes the results.

Since a Cgo-triencic acid of the oleate type forms
from oleate and accumulates in organ phosphatides
in animals on a fat-free diet, we have sought to find
(11} if by an analogous event polyenoie acids of the
palmitoleate type are also formed. Such a conversion
is to be expected particularly because rats on a fat-
free diet contain appreciable amts of palmitoleate in
the depot and liver fat (12). The results of this
study are shown in the following table.

The mixtures of isomeric fatty acids listed in
Table TIT were isolated in high purity, as proven by
gas chromatography. The structures were determined
by oxidative and reductive ozonolysis. In each iso-
lated mixture, one of the two components had the
structure of an acid of the palmitoleate type.

Palmitoleic acid, 16:1%, could be elongated and
dehydrogenated to form 18:2%11 a diene of the pal-
mitoleate type. This is a positional isomer of linoleic
acid in which the double bonds are shifted by one
carbon atom toward the carboxyl group. Feeding
such an acid might increase the body content of the
Cao- and Cas-polyenoic acids of the palmitoleate type,
particularly 20:4+7%10.13  the jsomer of arachidonic
acid.

To test this possibility, we synthesized eis,¢is-18.:2%11
containing C* in the 13 position and administered it

TABLE V

Application of (1634C)-all cisA®34.Chss (1) and
of (15-MC-A.8.Cigp (II) to Rats; Fab-Free Diet
and Supplement of the Corregponding
Inactive Acid

Composition of liver PFA Specific activities
in % in dpm/mg
1 | I I 1
Cie:1 18 (15) 12 (34)
818:1 53 5523 43 222; . 00 838
1812 4 6
Ciss 2 ( =) } 8 040 -
Cooz — — 0,2{ =) 42 000
Czo:z 11 (1) 20 (23) 1 340
Czo:4 11 ( 7) 11 ( 8) 4 680 250
Coo:5 1 (=) —- -
Co2:4 9.8 3 ( 38) 8 (2) 2 110 290

aThe figures in brackets are the corresponding comparative values
for animals on a fat-free diet.

a Contains some decanal and octanal.

to rats held on a fat-free diet. The results are sum-
marized in Table 1V, It can be seen that the content
of Cyp-tetraenoic acid was not raised by the feeding
of the diene, nor was the proportion of the 20 :4%7,10.18,
Moreover, the heptanal obtained from this fraction
by reductive ozonolysis had only a low specific activity.
Despite the lack of arachidonate and its precursor
from the diet, the liver arachidonate could not be dis-
placed by the isomer of the palmitoleate type.

Having obtained these curious results, we then
investigated the behavior of two other Cig-polyenoic
acids the all-cis-18:3%11.34  (an isomer of lin-
olenate) and the all-cis-18:210:1% (an isomer of lin-
oleate). In the former acid, the double bonds are
shifted by one atom toward the carboxyl end; in the
latter, toward the methyl end. Table V shows that
feeding these acids had no significant effect on the
composition of the liver polyenoic acids. The acids
are almost entirely of the oleate and linoleate types
{Table VI). The same acids, labeled in position 16 or
13, respectively, were administered on the last day of
the feeding experiments. The results are shown in
Table VI. It can be seen that the Cgg-polyencie acids
contained some isomers of very high specific activities,
but only in very small amts. In the case of the rats
fed labeled Cys-triene, there was slight. conversion to
20:310:18,16 gnd 20:5%7%10.1318 hoth of which yielded
highly labeled butanal. In the case of the rats fed
labeled Cys-diene, activity was found only in the Cao-
dienoic acid fraction, yielding pentanal of high spe-
cific activity on reductive ozonolysis.

Thus we may conclude that only the Csp- and
Cae-polyenocic acids of the oleate, linoleate, and lin-
olenate types are built in higher amts into organ
phosphatides. It cannot yet be decided whether this
is due to the specificity of the chain elongating and
dehydrogenating enzyme system, or to a particular
selective principle during the formation of the lipoidal
cell structures. Possibly both factors are operating.
There may also be a relation to the still unknown
function of these polyenoic acids as essential fatty
acids, which depends on a particular chemical con-
stitution.
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