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The amt of phospholipid lost in the initial aqueous 
phase of the Foleh wash was also investigated (29). 
First ,  some visible remaining drops of lower phase at  
the bottom of the flasks were removed by Pasteur  
pipet. The aqueous layers were taken to dryness 
under  vacuum at 37C. The residues were dissolved 
in 10 ml distilled water and dialysed in the cold over- 
night against 2 liters of distilled water. Dialysis was 
continued for about 31/2 hr  longer with 2 liters of 
fresh distilled water. The material remaining in the 
dialysis bag was taken to dryness, the residue dis- 
solved and washed into tubes for  phosphorus assay 
with about 3 ml C :M 2:1. Less than 1% of the lipid 
phosphorus recovered from the entire extraction was 
found in the undialysable portion of the first, aqueous 
phase. 

Qualitatively, by TLC, the lipids in the granules 
and membranes were identical, bnt  when the particles 
as such were tested in clotting systems, the membranes 
were more active than the granules. On the other 
hand, lipids extracted from both the granules and 
membranes behaved similarly in various clotting sys- 
tems. I t  appeared that  the lipid (or l ipoprotein) in 
the platelet membrane was more "available" for  inter- 
action with the plasma clotting factors than was the 
lipid from the granules. In  addition, the granules ap- 
peared to be the major  site of acid phosphatase, beta- 
glucuronidase, and cathepsin activity, which was con- 
sistent with the hypothesis that  they may be lyso- 
somes. Some of the granules are mitoehondria. As 
shown by Fleischer (30), these are rich in phospho- 
lipid, but  we would suggest that  such phospholipid 
does not ordinari ly play a role in blood coagulation. 

An approach to the s tudy of platelet lipids and 
their role in in vitro coagulation has been described. 
I t  is stressed that  correlations with in vivo coagula- 
tion mechanisms be made with the realization that  
these situations may not be comparable. 
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Arachidonic, 5, 11, 14, 17-Eicosatetraenoic 
in Plants-Identification of Unsaturated Fatty 
HERMANN SCHLENK and JOANNE L. GELLERMAN, The Hormel Institute, 
University of Minnesota, Austin, Minnesota 

Abstract 
Arachidonic and related fa t ty  acids which 

normally are found only in animals or micro- 
organisms have been isolated and identified from 
several mosses and ferns. F a t t y  acids with a 
double bond in position 5, separated by more 
than one methylene group frost  other double 
bonds, have been found in Ginkgo biloba and 
Equisetum. Analyses of fa t ty  acids from numer- 
ous plants, in par t icular  their chlorophyll con- 
taining parts,  are listed according to components. 

The experimental  par t  gives details on struc- 
ture determination of the usual methylene-inter- 
rupted  fa t ty  acids by ozonization-hydrogenation- 
GLC. Alkaline isomerization cmubined with these 
procedures was applied to determine the unusual 
double bond structures. The nlethod permits 
positional identification of an internal  double 
bond. 

Introduction 

T 
ENTATIVE IDENTIFICATION'S  o f  unsaturated fa t ty  acid 
methyl esters are often made by comparison of 

retention times in gas-liquid chromatography (GLC) 

and Related Acids 
Acids 

of the unknown with an authentic ester. Preferably,  
their  equivalent chain lengths (ECL)  (38,63) in GLC 
over different phases are compared. Interpolation 
of ECL may be helphfl  in characterizing a sanlple 
when an authentic ester of the expected s tructure 
is not accessible but  when similar type esters of dif- 
ferent  chain length are available. Obviously, esters 
of different chain length cannot have identical double 
bond structures. Systematic studies have been re- 
ported by Ackman (1-5) where relative retention 
times are correlated with the location of methylene- 
in ter rupted  double bond systems. As such data are 
accumulated, they contribute fu r ther  to tentative 
identifications of fa t ty  esters with a minimum of 
effort and substance. 

The composition of mixtures may be such that  
resolution by GLC is unsatisfactory, that  coordination 
of peaks from different phases is uncertain, or that  
ECL ' s  merely indicate the presence of esters which 
are different from any reference compound. Another  
reason for isolation and investigation of s tructure by 
chemical means is to ver i fy  the tentative identification 
of an ester tha t  is well known but  is unexpected in 
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the par t icular  material .  Such cases are exemplified 
here. 

GLC indicated the presence of arachidonie acid 
in amts of 10-40% of the total f a t t y  acids in moss 
and fern  (22). F a t t y  esters f rom Ginkgo (21) and 
other plants  contained components which behaved 
in GLC quite differently f rmn any  of the common 
unsa tura ted  straight-chain esters. In both cases, the 
mixtures  were f raet ionated to enable chemical s tudy 
of the unexpected or novel compounds. 

The experimental  section gives details on (a) the 
identification of f a t t y  acids with methylene-inter-  
rupted  double bonds and (b) procedures for  deter- 
mining double bonds which are in te r rup ted  by more 
than one methylene group. I t  is followed by analyses 
of f a t ty  acids f rom plants  belonging to a var ie ty  
of botanical divisions and by a discussion of the 
results. 

E x p e r i m e n t s  

Arachidonic Acid in Plants 

Mixed mosses, mainly  Brachythecium and Mnium, 
were washed free of soil and blotted dry. About 
1 kg of this mater ial  was extracted with CHCla + 
MeOH, 2:1, in a large War ing  blendor with plastic 
par t s  which are resistant  to the solvent. The lipids 
were saponified, the unsaponifiables removed by ex- 
tract ion and the f a t t y  acids esterified with CH2N2 
(50). The esters were freed f rom polar  pigments  
by chromatography  on a silicic acid column (SiO2 + 
Chromosorb, 2:1) with petroieum ether (Skellysolve 
B)  + diethyl  ether, 95:5 (23). About  1.3 g of purified 
esters were obtained and  GLC (52) showed the peak, 
34% of total  areas, which had a l ready been en- 
countered in smaller samples f rom other mosses and 
had been tentat ively assigned to araehidonate.  

The mixed esters were subjected to liquid-liquid 
chromatography  (LLC)  (23,51) on silicone oil as the 
s ta t ionary  phase. The recovered esters contained 
small amts of silicone oil and were purified f rom this 
contaminant  by alembic distillation (23). The frac- 
tions contained the esters of l0 :0  + 18:1 ; 16:1 + 18:2 
+ 2 0 : 3 ;  1 8 : 3 + 2 0 : 4 ;  and 1 6 : 3 + 1 8 : 4 + 2 0 : 5 .  GLC 
(53) afforded separat ion of the esters whieh were 
superimposed in the LLC bands. A Beckman GC-2 
appara tus  was used with a 3~ in × 12 f t  a luminum 
column which contained about 100 g of 20% fl-cyclo- 
dextr in (fl-CDX) acetate on Gas-Chrom P, 30-60 
mesh;  the tempera ture  was 236C and the flow rate  
of He was 150 mI/min .  Ind iv idua l  esters or mixtures  
of unsa tura ted  isomers were obtMned in sufficient 
amt  for  detailed analyses of structures.  GLC and 
hydrogenat ion-GLC of the original mix tu re  had in- 
dicated the presence of some 22:0 and 24:0 but  they 
were not f u r t he r  verified. 

Structure Determination of Fatty Acids with Meth- 
ylene-Interrupted Double Bonds by Ozonization-Hy- 
drogenation-GLC. Samples of 2-10 mg were ozonized. 
The esters were dissolved in 2 ml of purified methylene 
chloride or methyl  acetate in a rimless test tube, 
125 × 15 ram, which fit into the ozonization vessel 
of the Bonner  semimiero ozonizer (11). The ap- 
para tus  was placed in a hood since the -vessel was 
removed and exchanged while the ozone-generator 
was in operation. 

The ozonizer was flushed with 02 for 1 hr  at a flow 
rate of 80 ml /min  before turn ing  on the high voltage. 
Sample and outer tube were cooled in an ice-salt 
mixture  to --10C in a t r ansparen t  Dewar  vessel. The 
tubes were at tached to the ozonizer af ter  it had been 
equilibrated for  more than  5 rain. The appropr ia te  
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TABLE I 

Fatty Acids of Brachytheci~*m q- Mnium 

Component 

14:0 
16:0 

7-- [ 
9-- { 16:1 
11- [ 
7,10,13-- 16:3 

18:0 
9- { 
Ii-- 18:I 
9.12-- 18:2 
6,9,12-- ~ 18:3 
9,12,15- [ 
6,9,12,15- 18:4 

20:0 
20:1 
20:2 

8,11.14- 
11,14,17-- { 20:3 
5,8,11,14-- 20:4 
5,8,11,14,17-- 20:5 

22:0 
24:0 

GLC 
area, % 

0,1 
12.1 

2.5 

2.6 
trace 

2.8 
14.4 
14.7 
trace 

0.3 
0,3 

trace 
trace 
33.8 

5.6 
1.7 
2.3 

Isolated 

120 

30 

2 

28 
92 
88 

2 

10 
175 

36 

% Comoosition 
of isomers 

[ s 
al 

[ 61 

65 
35 

a 
( 97 

J 73 
( 22 

t ime of ozonization was found empirically. For  ex- 
ample, 24 sec suffices, for  complete ozonization of 2 mg 
of methyl  araehidonate or, in more general terms, 
about 1 see/mieroequivalent  of double bond is needed. 
The sample tube was removed and excess Oa was 
immediately carried away by N2 at 0C. About  100 
mg of Pd  catalyst  on CaCOa, poisoned with lead 
salt according to Lindlar  (35,42), was added. H2 
was bubbled through the suspension for 10 rain at  
0C and the catalyst  was removed by filtration. 

The procedures require 10-15 rain and it  is ad- 
visable to begin identification of the aldehydic f rag-  
ments  by  GLC within the next  half  hour. Aldehyde- 
esters were identified with a BecMnan GC-2 appara tus  
with Hf-flame detector, using a 1A in. × 12 ft. alu- 
minum column packed with 20% fl-CDX acetate on 
Gas-Chrom P, 30-60 mesh, at  220C. Aldehydes with 
more than 5 C atoms can be found in the same chro- 
matograms but the low boiling solvent obscures the 
short  cha in  aldehydes in GLC. Therefore,  the ter- 
minal  double bond is located by repeat ing the ozon- 
olysis and subsequent procedures in ethyl capra te  
(59). GLC is then carried out with a 1~ in × 10 
f t  column packed with 20% Carbowax 4000 on Chro- 
mosorb W, 60-100 mesh, at 160C. Authent ic  unsat-  
ura ted  esters were the source of aldehyde-esters and 
aldehydes in reference ehromatograms.  

Table I lists the unsa tura ted  acids of the mosses, 
Brachythecium and Mnium, as they were identified 
by ozonization and gives their  quantification by GLC. 
More than  40% of the original esters were recovered 
a f te r  analyt ical  and separat ion procedures. Isomers 
were not separated before ozonization. Their  relative 
composition was determined f rom GLC areas of the 
aldehyde-esters (54,47). 

Eieosapentaenoate,  araehidonate and oetadecatri- 
enoate (mostly linolenate) f rom the mosses were also 
subjected to alkaline isomerization (27) and yielded 
the proper  UV spectra. 

Araehidonie acid in lipids f rom several ferns was 
indicated by GLC of the mixed f a t t y  esters on fl-CDX 
acetate and propionate.  I t s  ident i ty  was ascertained 
with a sample of esters which had been prepared  
f rom Adiantum pedatum in the manner  described 
above. However,  the rant available was less than  in 
the foregoing experiment  and, therefore, the com- 
ponent  in question was isolated f rom the mixture  
by GLC without prefraet ionat ion (23,53). About  
50 mg esters was applied and yielded 5 mg of the 
surmised arachidonate. With  such an amt, the column 
was overloaded for separat ion of peaks in close 
sequence. However,  the desired ester of this sample 
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emerged well apar t  f rom other esters so that  it  was 
collected in puri ty.  

t Iydrogenat ion-GLC proved that  the ester is a 
straight-chain C2o compound. Ozonization-bydrogen- 
ation-GLC as above yielded C~ aldehyde-ester and C~ 
aldehyde. These results, together with the ECL ' s  of 
the ester, establish the identi ty of araehidonie acid 
from the fern. 

In general, structures of unsaturated fa t ty  acids 
with the normal methylene-interrupted double bond 
system can be determined by fragmentat ion at the 
double bonds and identification of the proximal 
(carboxyl--f i rs t  double bond) and terminal (last 
double bond--methyl )  moieties. The chain length of 
the normal ester must be known. The total number 
of C atoms of the identified fragments is subtracted 
from it and the difference must be a multiple of 3 C 
atoms. These data, in combination with E C L  or UV 
absorption before and af ter  alkaline isomerization, 
afford unambiguous determination of the double bond 
structure so that  identification of the internal  frag- 
ments is superfluous. The three-carbon units may 
be indicated af ter  ozonization-reduction as malon- 
dialdehyde in GLC (42), or they are found as malonie 
acid af ter  ozonization-oxidation by LLC (31). Their  
quantification is not satisfactory. 

The above procedures for s t ructure determination 
are unambiguous only with the usual methylene-inter- 
rupted structures. Discrepancies arise when other 
structures are encountered. 

P o l y u n s a t u r a t e d  A c i d s  o f  U n u s u a l  S t r u c t u r e  i n  P l a n t s  

Methyl esters obtained from lipids of leaves or 
nuts of Ginkgo biloba gave gas-liquid chromato- 
grams as exemplified in Figure  1. They have several 
peaks which cannot be assigned by GLC over different 
phases to any polyunsaturated esters of common type. 
Hydrogenation-GLC of the mixture did not show any 
unusual peaks. Isolation of the esters was undertaken 
for fu r the r  investigation of their  s t ructure  (21). 
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FIG.  3. U V  a b s o r b a n e e  o f  2 0 : 4  a n d  2 0 : 3  e s t e r s  a f t e r  a lk -  
a ] i n e  i s o m e r i z a t i o n .  S a m p l e s :  0.1 m g  i n  10 in] e t h a n e ] ;  q u a n t i -  
f i c a t i o n  w a s  n o t  a t t e m p t e d .  T h e  l o w e r  c u r v e s  s h o w  a b s o r b a n c e  
o f  n o n i s o m e r i z e d  s a m p l e s  in  e q u a l  c o n c h .  

About 0.8 g of purified mixed methyl esters was 
prepared from fresh Ginkgo leaves by procedures 
outlined above and subjected to LLC. In Figure  2 
the pooling of LLC fractions is indicated by arrows 
in the abscissa and their composition is shown as GLC 
recordings. The peaks of unknown esters are des- 
ignated as 20:4, 20:3 and 20:2 since hydrogenation- 
GLC showed Ceo in these fractions. The number of 
double bonds was anticipated according to the rules 
for  superposition of fa t ty  esters in LLC (48). The 
subsequent work proved tbis to be correct. 

Fur the r  fraetionation was accomplished by  GLC 
and yielded between 1 mg and 200 mg of esters. 
They were uniform in chain length but  some of the 
unsaturated esters contained isomers. 

A sample of eieosatrienoate which had been pre- 
pared similarly f rom Ginkgo nuts contained less than 
5% trans double bond according to IR spectroscopy. 
After  change of solvent, this sample was hydrogenated 
analytically (46) and consumed 91% of the amount 
of He calculated for 3 double bonds. The hydrogenated 
ester was methyl arachidate. 

The UV spectra in Figure 3 of 20:4 and 20:3, 
before and af ter  alkaline isomerization (27,39), show 
that  one of their  anticipated double bonds does not 
conjugate. The prominent  maximum of 20:4 at  268 
m~ is due to 3 conjugated double bonds while the 
less pronounced maxima at 300 to 315 mt~ are caused 
by a compound with 4 conjugated double bonds. The 

I. O~r-H~ determines posit.ion of extreme double bonds:  
CH~OOC (2 C O C : O  . C=C . . . C~-O C O C C C 

C5 Aldehyde Ester.  C~ Aldehyde, 
by GLO on /~-CDX ae. by GLC on Carbowax 

II .  Oa-HuO~-OtgzN= determines length of internal  f ragment :  
= O  O C C C C = C  C C =  

C H a 0 0 C  O C C C =  or = C  C O O O O 
= O  C C=C 0 C C C C =  

C5 Di-ester, C~ Di-ester, C6 Ester ,  
by GLC on B-GDX ac. 

I I I .  Alk. Isom.-Oa-H,~ determines position of in ternal  double bond:  
C H a 0 0 C  C 0 C C=C C C C C C:=C C C:-C O C C C O 

Alk. ~ Isom. 

CHaOOC C C C C=C C C C C C=C C=C C C C C C C 
+. 

C t t300O C O O C=C C C C C C C::C C=C 0 C O C 0 

C,5 Aldehyde Ester, 0o q- 07 Aldehyde, 
by  G4~(~ on ¢ CDX ac. by ~ L ¢  on ~ r b o w a x  

F r o .  4. S c h e m e  f o r  i d e n t i f y i n g  5 , 1 1 , 1 4 - 2 0 : 3  m e t h y ]  e s t e r  
( p o r t i o n s  i d e n t i f i e d  a r e  u n d e r l i n e d ) .  
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u n s a t u r a t e d  e s t e r s  ( A )  b e f o r e  a n d  ( B )  a f t e r  a l k a l i n e  i somer -  
ization. 

relative heights of maxima 268, 300 and 315 m~ 
indicate that the conjugated tetraenoate represents 
only a minor amt. The spectrum of 20:3 is clearer, 
inasmuch as only two double bonds are conjugated 
by alkali. 

Structure Determination by Ozonization Combined 
with Alkaline Isomerization. The positions of the first 
and the last of the three double bonds in 20:3 were 
established by ozonization-hydrogenation-GLC and C5 
aldehyde-ester and C6 aldehyde were the only frag- 
ments detected besides the peak which arises from 
malondialdehyde. Without any further data (see 
end of section (a)) ,  the ester would be designated as 
araehidonate. However, this is not acceptable in 
view of accumulated evidence for three double bonds, 
only two of which can conjugate. When eyclohexene 
and cyclopentene were ozonized, GLC failed to show 
any peak at all. Apparently, the missing link which 
must be a higher homolog of malondialdehyde is lost 
under our GLC conditions. 

With two double bonds amenable to alkaline con- 
jugation, the alternative structures are 5,8,14-20:3 
and 5,1],14-20:3. Fragmentation at the double bonds 
should yield from both structures an internal frag- 
ment of 6 C atoms and it was desirable to verify this. 
Ozonization followed by oxidation with H202 (31) 
and esterification of the resulting acids revealed, by 
GLC, C5 diester, C6 monoester and C6 diester. The 
former two compounds represent the already estab- 
lished proximal and terminal parts of the molecule. 
C6 diester is the internal fragment which had not been 
found by ozonization-hydrogenation-GLC. 

It  remained to decide if the internal double bond 
is located in position 8 or 11. Resort was taken to 
alkaline isomeriza£ion under the following consider- 
ations. 

Standard conditions of alkaline isomerization sup- 
posedly conjugate double bonds only when they are 
interrupted by not more than one methylene group 
(19,41). Conjugation of two double bonds takes a 
twofold course so that oxidative splitting of the 
isomerized mixture yields the novel fragments R ' -C-C 
and R"-C-C (underlined). 

R ' -CH=CH-CH2-CH= C t I -R"  
Alkah I Isom. 

R ' - C H -  CH-CH= CH-CH2-R" 
+ 

R ' - C H s - C H = C H - C H = C H - R "  

The nonconjugating double bond of the 20:3 ester 
must be at the end of the whole double bond system, 
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5,11,14J7-020 

3 4  S 6 7 8 
I I ~ { { t 

l l  

FIG. 6. A l d e h y d e s  r e s u l t i n g  f r o m  o z o n i z a t i o n  of  p o l y u n s a t -  
u r a t e d  e s t e r s  ( A )  b e f o r e  a n d  ( B )  a f t e r  a l k a l i n e  i s o m e r i z a t i o n .  

either in position 5 or 14. Accordingly, only one new 
homolog, C6 aldehyde-ester or C7 aldehyde, will be 
found by splitting the ester after isomerization, pro- 
vided the isolated double bond remains unchanged. 

This reasoning was checked by subjecting oleate 
and ]inoleate to isomerization, re-esterifieation and 
ozonization-hydrogenation-GLC. The double bond of 
oieate did not shift markedly and linoleate gave 
equivalent amounts of C9 and Clo aldehyde-esters 
and of C6 and C7 aldehydes. Fortunately, these 
prerequisites are also fulfilled when the isolated and  
the methylene-interrupted double bonds are in one 
molecule. The same procedures were applied to 5,?, 
]4-20:3 and yielded C5 aldehyde-ester, C6 aldehyde 
and Cv aldehyde. Since the latter compound appears 
only after isomerization, it is concluded that 20:3 
from Ginkgo is 5,11,14-eieosatrienoic acid and, ac- 
cording to IR spectroscopy, it is the all.cis compound. 
The procedures are summarized in Figure 4. 

Conjugation by the alkali-high temperature method 
is assumed to occur only with methylene-interrupted 
double bonds. Although our experiments with 5,11, 
14-20:3 confirm this, the general validity of the rule 
is not too well substantiated (19,41). Besides, it is 
obvious from the literature that the isomerization 
products of linolenic are considerably more complex 
than those of linoleie acid (58). I t  is seen from the 
chromatograms on the lower left of Figures 5 and 6 
that ozonization of isomerized araehidonate and lino- 
lenate does not permit any conclusions as to the 
original structures. Aldehyde esters and aldehydes 
appear at any chain length between C3 and C9. How- 
ever, this is not so with 20:4 acid from Ginkgo. 

Analyses of the preparation used for the subsequent 
procedures showed 20:4 to be ~85% pure (see below). 
Ozonization revealed C5 aldehyde ester and C3 alde- 
hyde as major proximal and terminal moieties. Since 

TABLE t I  
Fatty Acid Composition of Glad, go bilob~ 

(GLC Area %) 

Leaf Nut 

Component I Position ot double 
% bonds and rel, amts 

/ of isomers 
I 

14:0 22.3 / 16:0 
16:1 3.1 1 7 < 9  
16:2 + 17 ,10>9,12  
16:3 4.3 [7 ,10,13>9,12,15 

0.7 
18:118:0 6.8 9 > 1 1  

18:2 32.0 I 9,12,15 major 
20.8 9,12 major 

18:3 
I 

20:2 ~- I 5,11>11,14 >14,17 
20:3 6.3 5,11,14 major 
20:4 1.7 I 5,11,14.17 

% 

2.6 
11,3 

6,2 
+ 

30.0 
42.3 

1.6 

0,9 
4.1 
4- 

Position of double 
bonds and rel. amts 
of isomers 

9 >11  
7,10 <9,12 

9 >11  
5,11 <9,12 
5,11,14~ 9 ,12 ,15>> 
11,14,17 
5,11 >11,14 
5,11,14 major 
5,11,14,17 
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a triene is prominent  af ter  conjugation, the s t ructure  
of 20.4 should be 5,8,11,17-20:4 or 5,11,14,17-20.4. 
Ozonization of the isomerized mater ia l  led to C5 alde- 
hyde ester of a pu r i ty  which compares well with 
that  obtained f rom the nonisomerized ester and which 
is in sharp contrast  to the aldehyde esters obtained 
f rom arachidonate af ter  isomerization. The fixed 
double bond is in position 5, whereas the three con- 
jugat ing  double bonds are accumulated towards posi- 
tion 17. In  agreement  with this, the mixture  of 
aldehydes arising by  isomerization-ozonization closely 
resembles tha t  f rom linolenate. I t  gives fur ther  proof  
that  the unusual  tetraenoic acid of Ginkgo is 5,11, 
14,17-20:4. The chromatograms which lead to this 
conclusion are shown in Figures  5 and 6. 

GLC of the 20:4 ester did not show any impuri ty ,  
but  7% Cls was detected by  hydrogenat ion-GLC of 
the sample. IR  and UV spectroscopy revealed 10-15% 
trans and conjugated double bonds, i.e., somewhat 
more than  the sample of F igure  3. Peroxide was not 
present. I t  is seen f rom Figure  6 (upper  r ight  and 
left)  tha t  C5 aldehyde resulted to a greater  extent 
f rom the sample of 5,11,14,17-20:4 than  any of the 
extraneous aldehydes f rom linolenate which had 
been prepared  by bromination-debromination.  Isomer- 
ization of 20:4 led to a small amt  of tetraene con- 
jugation. Although these data do not make ques- 
tionable the double bond s t ructure  of the major  
component, they are too pronounced for declaring 
the contaminants  to be artifacts.  

Conjugated esters like fi-eleostearate cannot be 
ehromatographed under  our GLC conditions. Possibly 
the Cls contaminant  is a conjugated polyenoic com- 
pound which is found by GLC only af ter  hydro- 
genation. 

The occurrence of trans double bond is probably  
correlated with the conjugated contaminant.  A trans 
double bond in the major  component would require 
]R absorption of twice the value found. Therefore, 
it appears  most l ikely that  5,11,14,17-20:4 is, like 
5,11,14-20:3, the all-cis compound. However, trans 
A "~ acids have been found f rom na tu ra l  sources (see 
below, Table V).  Apparen t ly  the uni formi ty  of cis 
configuration which prevails with methylene-inter- 
rup ted  f a t t y  acids of biological origin does not app ly  
to the special group of A 5 acids. 

Table I I  exemplifies complete analyses of ginkgo 
leaf and nut  f a t t y  acids. Leaves were harvested at 
different seasons of the year  but s tar t l ing changes in 
the f a t t y  acid composition were not encountered. 

Po lyunsa tura ted  f a t t y  acids with a ' ' r emote"  double 
bond in position 5 have been found in recent years 
f rom other na tura l  sources and their  structures have 
been elucidated by a var ie ty  of methods. A 20:3 acid 
f rom Poclocarpus nagi (17,34) was identified by  
Takagi  (61) as 5,11,14-20:3 which is the same as one 
of the acids f rom ginkgo. He appl ied oxidative de- 
gradat ion (KMnQ-per ioda te )  to the f a t ty  acid and 
to the f a t t y  alcohol obtained by LiA1H4 reduction. 
The trienoie acid was also t reated with Nell4 and the 
f ragments  obtained by oxidation of the result ing 
mono- and dienoic acids were in accord with the above 
structure.  Bagby et al. (8) subjected a 20:2 acid to 
the sequences oxidation (performic ae id) -sp l i t t ing  
(periodic aeid)-select ive reduction of aldehyde groups 
(NaBH4)-ox ida t ion  of alcoholic groups (K3/InO4). 
F r o m  the f ragments  he concluded tha t  the s t ructure  
was 5,13-20:2. 

The double bonds of an 18:3 acid were located in 
positions 5, 9 and  12 by  similar procedures (7). How- 
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TABLE IV 
Composi t ion  of F a t t y  Acids  f r o m  Plants Containing 

M e m b e r s  of the  A ~ G r o u p  ( G L C  A r e a  % )  

1 8 : 2  1 8 : 3  2 0 : 2  2 0 : 3  2 0 : 4  2 4 : 0  
Division Sys t ema t i c  n a m e  Common n a m e  1 4 : 0  1 6 : 0  1 6 : 1  1 6 : 2  1 6 : 3  1 8 : 0  1 8 : 1  9 12 9 . 1 2 . 1 5 -  5 . 1 1 , 1 4 -  5 . 1 1 , 1 4 , 1 7 -  

5 , 1 1 -  , - 

18. A r t h r o p h y t a  Equisetum hyemale S c o u r i n g  r u s h  0.3 24.2 0.6 1.0 4.2 0.5 15.1 48.6 3.6 1.6 
Equisetum arvense Field  horsetM1 23,2 4.4 1.8 9.4 4.0 11.5 43.0 0.6 2.1 

21. G i n k g o p h y t a  Ginkgo biloba 2~Iaidenhair tree,  1.5 19,3 1.5 0.3 4.9 1.6 4.8 1.0 7.2 48.2 1.2 1.7 3.4 3.3 
( leaves)  G i n k g o  

ever, IR absorption had revealed that  one of them 
is a trans double bond. The acid was treated with 
lipoxidase (36,37) and yielded diene conjugation. 
Since the enzyme is specific for  cis,cis methylene-inter- 
rupted  double bonds (26,43), the trans configuration 
must be at position 5. 

Davidoff and Korn (13,14,15) oxidized (KMnOd- 
periodate) an 18:2 acid, isomeric to linoleie, as methyl 
and as ethyl ester, and found it to be 5,11-18:2. The 
ethyl ester was used to distinguish the dicarboxylic 
acids which arise from proximal and internal  moieties. 
They were identified (GLC) as methyl-ethyl and 
dimethy] esters af ter  methylat ion of the earboxyl 
groups which had been created by oxidation of the 
double bonds. 

Par t ia l  f ragmentat ion (OsQ followed by hydro- 
genation and periodate) has been applied by de Jong 
and van der Wel (29) to ident i fy  11,15-18:2 and 
other isolinoleie acids which do not isomerize. The 
method may also be helpful with the A5 acids dis- 
cussed here, and with other nonconjugating systems. 

Some of these procedures are involved and not easily 
adaptable to small amts. In our hands, cleavage by 
ozonization-hydrogenation brings about fewer side 
products than ozonization-oxidation or KMnOd-per- 
iodate. The scheme of Figure  4 was carried out with 
less than 20 mg of trienoic and tetraenoic esters. 
Step I I I  is necessary only with these highly unsat- 
urated esters. 

Additional Analytical Results 

Tables I I I ,  IV and VI give data on fa t ty  acids 
which had been obtained mainly from the green 
par ts  of plants collected in Minnesota in 1963. GLC 
conditions were similar to those described previously 
(52). Quantifications are according to area percent- 
ages since correction factors for the unusual esters 
have not been determined. Positional identification 
of mono- and dienoie acids was not at tempted and 
isomers as in Table I are likely to occur. Conventional 
isomeric trienes such as a- and 7-1inolenate are better  
separated by GLC than isomers with fewer double 
bonds so that  their tentative structures are specified. 

Members of the a5 series (Table IV) can be easily 
distinguished from their conventional isomers by GLC. 
Their  identi ty was concluded by GLC comparisons 
with the authentic compounds which were available 
and had been identified as described in the foregoing. 
GLC data on the novel esters will be incorporated 
by Holman into a comprehensive publication from 
this institute on ECL of polyunsaturated esters. I t  
suffices here to state qualitatively that  among isomers 
with identical terminaI group, the one having the 

shortest proximal moiety is the first to emerge on 
polar phases in GLC;  e.g., ECL  5,11,14-20:3 < 8, 
11,14-20:3. On the other hand, with ident ical  prox- 
imal group, the compound having the shortest terminal 
group emerges last;  e.g., ECL 5,8,11,14-20:4 < 5,11, 
14,17-20:4. This is seen also from Figure  1. 

Table V lists A5 acids which have been reported 
by other authors. Analyses of some of the plant  fa t ty  
acids listed in the other tables are found in earlier 
l i terature but  numerous source materials here are 
novel or modern methods have been applied for the 
first time. Correlation with earlier reports was not 
at tempted and, quite obviously, much of the data 
given here should be considered exploratory rather  
than final (see Introduct ion) .  

Discussion 
The occurrence of eieosatetraenoic and, more spe- 

cifically, araehidonic acid in plant  lipids has been 
reported several times in earlier l i terature (28). These 
findings are open to doubt since, at best, they are 
based on alkaline isomerization. Similar technical 
deficiency must be held against some of the reports 
during the last decade (6,12,30,40,60). 

The vast major i ty  of knowledge on plant  fa t ty  
acids refers to plants of highest evolutionary level, 
i.e., angiospermae, and arachidonic acid was not found 
in them. Our data (see Table V) are in agreement 
with this. These samples do not contain arachidonic 
acid or, more cautiously, this acid is not present in 
an amt that  could be detected by GLC without pre- 
ceding enrichment. However, the complete absence 
of arachidonic acid in members of this division should 
not be taken for granted. Tetraenoic acids are poten- 
tial components in higher plants as exemplified by 
parinarie  acid (from Parinarium and Impatiens) and, 
more significantly, all-cis-6,9,12,15-oetadecatetraenoic 
acid (from Boraginaceae) (57,62). 

The apparent  absence of araehidonic acid in an- 
giospermae led to the generally accepted opinion that  
it  does not occur in the plant  kingdom (16,25,55). 
The concept was weakened first when arachidonie acid 
was found in Ochromonas danica (23,24) and mal- 
hamensis (49), algae (32), and Euglena (18,33,44,45). 
These organisms may be classified as plants or animals, 
par t ly  depending on the botanists '  or zoologists' needs. 
The occurrence of arachidonie acid in mosses and 
ferns is a more drastic break f rom the general rule 
since they are indisputably assigned to the plant  
kingdom. Although their lipid content is low, partic- 
ular ly  in mosses, the percentage of arachidonie in total 
f a t ty  acids is ra ther  high and in the order of that  
found in normal ra t  liver f a t ty  acids. 

T A B L E  V 
Other  Occu r r ences  of A 5 Acids in Plants 

Div i s ion  Sys t ema t i c  n a m e  Common  n a m e  S t r u c t u r e  of Lx5 ac ids  A u t h o r  

9. Sehizomycota  Bac. megaterium 5 - 1 6 : 1  ; 5 -18 :1  Fuleo,  L e v y  a n d  Bloch ( 2 0 )  

10. Myxomycota  Dictyostetium discoideum Sl ime mold 5 , 9 - 1 6 : 2 ;  5 , 9 - 1 8 : 2 ;  5 ,11 -18 :2  Dav ido f f  a n d  K o r n  (13 ,14 )  

22. Coni fe rophy ta  Podocarpus Nagi J a p a n e s e  podoc a r pus  5 , 1 1 - 2 0 : 2 - -  5 ,11 ,14 -20 :3  T a k a g i  ( 6 1 )  

24. An thophy ta  Thalictrum polycacpum S i e r r a  m e a d o w r u e  trans-5-18:1; trans.5,cis-9,cis-12-18:3 B a g b y  et al. (7)  
Limnanthes Douglasii Meadow foam 5 -20 :1  ; 5 -22 :1  ; 5 ,11 -22 :2  B a g b y  et al. (8 ,56)  
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The number  of species among Thallophyta,  Bry-  
ophyta, and P te r idophyta  (divisions 1-19 according 
to Bold (9,10)) is estimated to be 95,000. The f a t ty  
acids of perhaps  25 of these species have been in- 
vestigated by  up-to-date methods and they are the 
basis for  taxonomic and phylogenetic hypotheses in 
current  publications. The data  here add a few more 
examples but  broaden the foundat ion for such spec- 
ulations only slightly. Although the loss, or repres- 
sion, of the animal- type conversion of polyenoic fa t ty  
acids in higher plants  is obvious, i t  is still quite 
uncertain where a line of characteristic difference 
should be drawn. ±5 and arachidonie acids appear  
sporadically ill lower and higher divisions, presently 
without any  recognizable pat tern.  

Double bonds in positions 5 and 11 are charac- 
teristic for  the unusual  acids of ginkgo and horsetail 
but there is no reason to assunle that  the spacing of 
4 methylene groups originates f rom a methylene- 
in te r rupted  system by selective hydrogenation. A 
±~,6 acid was indicated as a contaminant  of ginkgo 
acids by some ozonizations but  is has not yet been 
completely identified. A 5 monoenoie acids occur in 
other materials  and polyenoie acids with ±5,9, A5,11 
and ±5,13 have been found (see Table V) .  The remote 
double bond in position 5 and other double bonds are 
formed independently.  The introduction of the re- 
mote ±~ seems to be steered by the earboxyl group. 

The following observation deserves fur ther  at- 
tention. An acid derived f rom A ~ by chain elongation, 
i.e., an acid with a remote double bond in ±7, has 
neither been found in this laboratory nor has it been 
reported by  other authors. Similarly, C22 acids derived 
f rom 5,8,11,14-20:4 or 5,8,11,17-20:5 acids have not 
been found in mosses or ferns although these potential  
precursors are present. Korn  mentions the same 
point with Acanthamoeba which "conver t  9,12-18:2 
to 5,8,11,14-20:4, but there is no evidence of fur ther  
elongation and desa tu ra t ion"  (33). Elongation of the 
chain in these plants  and organisms may  be blocked 
once a double bond appears  in position 5 regard- 
less of whether the other double bonds line up with 
it in conventional s t ructure  or are separate f rom it. 
This is in contrast  to vertebrates  where the conversion 
of arachidonic or 5,8,11,14,17-20:5 acid into more 
highly unsa tura ted  C22 acids is well known. A search 
for 22:4 and 22:5 and identification of 22:3 in plants 
(see Tables I I I  and IV)  may  for t i fy  the point of 
distinction. 

I t  is characterist ic for animal  lipids that  6,9,12- 
18:3 and 8,11,14-20:3 are found only in very small 
amts al though they are intermediates in the conversion 
of linoleic into arachidonie acid. Similarly in plants, 
the amt  of these acids is much smaller than  that  of 
araehidonic acid (Table I I I ) .  
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Positional Isomerism of Unsaturated Fatty Acids in 

Quantification of Isomeric Mixtures 

the Rat 

D. SAND, N. SEN and H. SCHLENK, The Hormel Institute, Austin, Minnesota 

Abstract 
Mono- and dienoic acids of lipids f rom ra t  milk, 

ra t  sueMings, and ra ts  on a fat-deficient diet were 
investigated. The percentage of uneommon iso- 
mers of palmitoleie acid was highest in milk, the 
newborn and  the suckling rats, but  receded af ter  
weaning. Isomers of linoleic acid were found 
only in traees in sucklings but  became pronounced 
in rats  on diets lacking' essential f a t t y  acids. The 
proport ion of 8,11-diene among octadecadienoie 
acids increased markedly  under  such conditions 
within one week and two additional isomers be- 
came prominent  af ter  longer periods of fat-defi- 
cient diet. 

A supplement  of hydrogenated coconut fa t  did 
not influence the occurrence of these isomers. 

Die tary  petroselinic acid is incorporated by  the 
ra t  into tissue lipids. 4-Hexadecenoie and a small 
amt  of 8-eicosenoie acid arise f rom it. 

Quantification of isomeric mixtnres  by ozoniza- 
t ion&ydrogenat ion and subsequent gas-liquid 
chromatography  is discussed in detail. 

In t roduc t ion  

I T IS K N O W N  T H A T  LIPIDS Of r a t s  reared o n  a fat-deft- 
cient diet contain unsa tura ted  acids which are iso- 

meric with those in rats  on a normal  diet (9,18,22,24). 
In  part icular ,  the f a t ty  acids of rats  in an advanced 
state of essential f a t ty  acid ( E F A )  deficiency have 
been investigated and 5,8,11-20:3 was found promi- 

nea t  among polyunsatura ted  acids. Qnantifications of 
this acid relative to arachidonie has served as a param-  
eter for  defining the degree of E F A  deficiency (16). 
In  most of these studies the acids f rom liver or l iver 
phosphatides were analyzed since there tile level of 
polyunsa tura ted  acids is relat ively high regardless of 
the nutr i t ional  state of the animal  (5). 

The present  repor t  concerns mainly  the isomers of 
m onoenoie and dienoic acids found in the total  lipids 
of the ra t  and the progressive change which these acids 
undergo dur ing early life and in the course of d ie tary  
regimens. In  an exploratory experiment,  various diets 
were fed for 3 weeks to rats  25 days old. Isomers of 
palmitoleic acid present  at  the beginning of this period 
had diminished, regardless of the d ie tary  t reatment .  
Within  the same time, the amt  of isomers of linoleic 
acid had become significant in ra ts  on a fat-free diet. 
On the basis of these results a more elaborate experi- 
ment was designed. 

The die tary  period was extended to 6 months and 
f a t t y  acid analyses were made at t ime intervals. 
Analyses were extended to the feed and milk of dams 
and the progeny dur ing the first 3 weeks a f te r  birth. 
A fat-free diet and the same diet supplemented with 
either hydrogenated fa t  or corn oil were used. The 
data  of the pre l iminary  exper iment  were closely veri- 
fied by  the results of the comprehensive exper iment ;  
therefore, only the la t ter  are repor ted in detail. 

Positional isomers of monoenoie esters are not sepa- 
rated well by common gas-liquid chromatography  
(GLC) procedures and this difficulty is also often on- 


