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Ordinarily the double bonds in naturally occurring dienoic as well

as polyenoic fatty acids maintain the divinylmethane rhythm (1). -Furthermore,

as earlier investigations have shown, mother milk also contains isomeric mono-

enoic and dienoic fatty acids (2). Mass spectrometric analysis of derivatives

of synthetic isomeric octadecadienoic acids (3)revealed that the arrangement

of double bonds in the isomeric octadecadienoic acids of mother-milk does not

exclusively follow the divinylmethane rhythm (4,5). Non-methylene interrupted

octadecadienoic acids'of fungi, bacteria, plants and mammals have already been

described (6-13). Although the physiological significance of these positional

fatty acid isomers is still obscure, some recent research findings on artificial

and natural membranes suggest that the position of the double bonds in lipids

influences physical parameters, and thus also the physiological properties of

biological membranes (14,15). The position of double bonds in monoenoic fatty

acids is of importance with respect to their further desaturation (16), and

affects the hydrolysis of triglycerides by pancreatic lipase (17).

METHODS

The prreparation of mother-milk fat and the concentration of unsatura-

ted fatty acids as methyl esters by urea fractionation have already been des-

cribed earlier (18,19). The C18 fatty acid methyl esters were separated by

preparative gas chromatography. Quantities of 50 mg of fatty acid methyl ester

were injected directly into a glass column (2 m x 15 mm diam.) with 15% SE 30

on chromosorb Q. Instrument: Carlo Erba GV; carrier gas N2 150 ml/min.; temp-

erature: oven 200°C isothermic; evaporation block 280°C, detector FID 280°C,

discharger 230°C. The separated components were collected in U-shaped glass

tubes filled with glass-wool and methÿlene chloride, through a firmly adjusted

split 1:50, under N2. The recovery rate for the C18-fatty acid methyl ester

was approximately 90%. Separation by number and position of double bonds by

thin layer chromatography on silica gel plates, impregnated with 35% silver



nitrate (11, 20, 21). Preparation of silver nitrate plates: Dissolve 14 g

AgNO 3 in 72 ml of distilled water; add slowly, under stirring, 40 g silica gel

(Machery + Nagel, G-HR + 5% gypsum), stir until a homogeneous pulp is obtained.

Plate immediately on a-Fat-free plate (20x40 cm) with a plastic spatula (thick-

ness of layer: 1 mm). Activate plates for 1/2 hr. at 110°C and store in a dry

box. Develop twice in,a longitudinal direction using benzene as solvent, and

,then spray the test material placed to the right and left of the sample with

dich1orofluorescein (0.1% methyl alcohol solution), and mark the fractions under

ultraviolet light. Subsequently, the separated fatty acid methyl esters are

scraped off, extracted with methylene chloride and distilled in a high vacuum.

The fractions of the cis,cis-non-methylene interrupted fatty acid methyl esters

are hydroxylated with OsO 4 ( 22), converted with MSTFA ( Macherey + Nagel, Duren)

to their tetra-0-triphenylsilyl ethers and subjected to gas chromatographic-mass

spectrometric analysis ( LKB 9000). Gas chromatogr. - conditions are listed

in the legends to Figs. Mass spectrometric conditions: temperature of ion

source 250°C; ionization energy 20 eV; trapping current 60 pA; accelerator cur-

rent 3.5 KV; magnetic scan approximately 10 sec. in a mass range m/e = 1 - 700.

Recording of gas chromatograms through total ionization current.

RESULTS AND DISCUSSION

Fatty acid methyl esters were separated into four fractions by thin-

layer chromatography ( Fig. 1). The ester mixtures thus obtained were examined

on capillary columns ( DEGA S.C.O.T.). Fraction I contains octadecanoic and

octadecenoic acid methyl esters, fraction II contains linoleic acid methyl

esters as its principal component, while fractions III and IV are ester mix-

tures of dienoic and trienoic acid methyl esters. The gas chromatogram of frac-

tion IV is illustrated in Fig. 2. The mass spectra of peaks #2,3,4,5 and 6

reveal a molecule peak of mie = 294 and other characteristic fragments of octa-

decadienoic acid methyl esters. Peak #7 is produced by an octadecatrienoic



Fraktion Front 

gesâttigte FSE 
- saturated FAE 

	

C-nicht-rnethylen- ,-- 	. 
- unterbrochen//rans.ch) 

---. . 	• 

Min60 

 __ trans, trans) 	 Pig.  1: Thin-layer chromatographic 
separation of fatty acid 

i 	. 1 • momm.-FSE FAE 
methyl esters on silver nitrated 

mien-FsElIntmccI 	 imppregnated silica gel. Solvent: 
unterbrochen I trans,trans) 	 benzene. 

..... 

. 	• 

I
I 

.. 	
- 	 - Dien-FSEIcis 	- 

cc: — 	 • - 

rff 	
Dien-FSE/-nicht-methylen-- 

.. 	 u terbrochen./cis.cis- 

").-• 	 Trien-FSE ".• 

_ 
. Start 	- 

robe• , 3/97/6 Fettsauremethyloster aus Frauenmilchniarnstoifüberstand 
- 	• - 	•  

nicht = not (non); 
unterbrochen = interrupted; 
FSE = FAE (fatty acid esters) 

Sample 3/97/6 Fatty acid methyl 
ester from 	mother milk/urea super- 

7 	 natant.  

Fig.  2: Gas-chromatogram of fatty acid 
methyl esters of fraction IV. 

Peak 1, not identified; peaks 2-6, isomeric 
octadecadienoic acid methyl esters; peak 7, 
octadecatrienoic acid methyl esters; 
peak 8, octadecatrienoic and octadecatetra-
enoic acid methyl esters. Gas-chromato-
graphic conditions: instrument: LKB 900; 
column 100' x 0.02" SCOT (Perkin-Elmer); 
phase: diethylene glycol adipate (DEGA); 
carrier gas: He; flow: approx. 4 ml/min.; 
temperature: oven 170°C; injection block 
290°C; separator 280°C. 

Fig. 3:  Gas-chromatogram of fatty acid 
methyl esters from fraction I 

following derivatization. The peaks marked 
by numbers are listed in Table 1. Gas-
chromatographic conditions: instrument: LKB 
9000; column: 50 ft. x 0.02 inch SCOT 
(Perkin-Elmer); phase: silicone rubber SE 
30; carrier gas: He; flow: approx. 4 ml/min.; 
temperature: oven step program 200-230 00, 
injection block 290°C, separator 28000. 



acid methyl ester, while peak #8 shows two molecule peaks, to wit m/e = 292 and

We = 290; it reflects a mixed spectrum of octad6catrienoic and octadecatetraenoic

acid methyl esters. No "trans-bands" could be detected in the urea supernatant

of mother milk fatty acid methyl esters ( 958 cm-1 measured as film or, the NaCl-

plate) nor in fraction IV. According to the intensity of the "trans b an(fs", frac-
tion III contains approximately 5% of trans-double bon s.

Since cis,trans--octadecad-ienoic methyl esters would be recovered in frac-

tion II in view of their higher Rf-value, this trans-content must originate

from a cis,cis,trans- (or cis,trans,c-is or trans,cis,cis)-octadecatrienoic acid

methyl ester, or from the oxidation product of a linoleic acid methyl ester, a

9-hydroperoxy-l0-trans, 12-cis-octadecadienoic acid methyl ester that will be

discussed further below, or the corresponding 9-cis,ll-trans,13-hydroperoxy-

octadecadienoic acid methyl ester. Although fractions III and IV did contain 3

octadecadienoic acid methyl esters separable by gas chromato-g raphy, the posi-

tion of the double bonds could not be determined from retention times and mass

spectra (23). This was only possible after the esters had been converted to

the corresponding polyhydroxy-,O-TMS compounds. Fig. 3 illustrates the gas chrom-

atographic separation of methyl ester derivatives from fraction I. The identi-

fied components are listed -in*Table 1.

What is remarkable is that in contradistinction to the results of the

van Rudloff hydrolysis (2), no double bonds between C-9 and the terminal carboxy

group were discovered in mother milk octadecenoic acids through their OTMS der-

ivatives. - The methylene interrupted octadecadienoic acid methyl esters can

also be separated as tetra-0-trimethylsilyl ethers by gas chromatography, as

indicated by the gas chromatogram of fraction II. Since the distances between

the glycol groups in the C-chains are all equal, the isomers have very similar

retention timés. The problem of separation is further complicated by the large

proportion of 9,10,12,13-tetra-OTMS-octadecanoic acid methyl esters. To detect

the isomers requires that the column with the major component be greatly over-
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Fig. 4: .  Gas-chromatogram of fatty acid 
methyl esters from fraction II 

following derivatization. The peaks marked 
by numbers are listed in Table 2. Gas-
chromatographic conditions: saine as in 
legend to Fig. 3. 
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Table 1:  Oamponents from 
fraction I identi-

fied by mass-spectrometryl 

Mischspektrum = mixed spectrum; 

Saure = acid; 	 5 

nicht identifizierte Komponente= 6  
unieentified component. 

9.10-Di-OTMS-Octadecansiiure- - 
9.10-Di-OTMS-Octadecansiiure- 
10_11-, 11.12-42.13-,  1.114D j-  7.  
OTMS-Octadeenn-jiure- 
10.11-, 11.12-, 12.13-, 13.14- 
Di-OTMS-Octadecansâure— . 
13.14-, 14.15-Di-OTMS-Octa- 	I 
decansiiure- 
14.15-Di-OTMS-Ocmdecansiiare-
methylester ± nidu identifizierte - 
Komponente. 	. 

Peak # (Fig. 4) 
Peak Nr. (nach Abb. 4) Komponente C omponent Table 2:  Components of fractinn 

II  identified by 
mass-spectrometry. 

unidentifiziert = unidentified 
41 

Saure = acid 



stressed which complicates evaluation of mass spectra. Two factors have a bear-

ing on retention time: 1. The distance between TMS-glycol groups and 2. the

distance between the first TMS-glycol group and the carboxy group. The tetra-

OTMS-octadecanoic acid methyl esters migrate more slowly the further apart

the TMS-glycol groups are. In other words, the tetra-OTMS-derivative of

C13:2A9,17 has a longer retention time than that of C18:2A9,16, the C18:2A9,15

and so forth. When the distance between TMS-glycol groups is the same, a

shorter distance between the first OTMS-group and the carboxÿ ester group has

an accelerating effect. Consequently, there is overlap in complex isomer mix-

tures; the same has been reported following gas chromatographic analysis of

isomeric octadecadienoic acid methyl esters without derivatization (24). In

the non methylene interrupted tetra-OTMS-octadecanoic acid methyl esters sep-

arating conditions are more favorable (Fig. 5). Since the column was over -

charged due to the large quantity of 9,10,12,13-tetra-01'MS-octadecanoic acid

methyl esters, the sample was once more diluted 1:50 prior to analysis; subse-

quently only the major components appear.

In peak #6 the mass spectrum shows that we are apparently dealing

with the autoxidation product-of C18;2A9,12 where oxidation with the shift of

a double bond towards C-10,11 or C-12,11 has apparently occurred either at C-9

or at C-13. Subsequent oxidation with OsO 4 yielded a 9,10,11,12,13-penta-OTMS-

octadecanoic acid methyl ester. This is the first case known to us where an

autoxidation product of a fatty acid could be identified at intact C-chain

(25 - 27). According to Hamberg et al. (27) the formation of hydroperoxides

requires a 1,4-pentadiene structure so that no oxidation products should be

expected in non methylene interrupted octadecadienoic acids, nor have any been

discovered so far. In fraction IVthe quantitative distribution is much more

favorable and satisfactory separation in the form of OTMS-derivatives could

be achieved.

7

5
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Fig. 6:  Gas-chromatogram of fatty acid 
methyl esters of fraction III . 

 Injected in a 1:50 dilution. Peaks marked 
by numbers are listed in Table 4. Gas-
chromatographic conditions same as in 
iegend to Fig. 3. 

Peak # (Fig. 5) 
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Peak Dir. (nach Abb. 5) Komponente .  C omp o nent s 
nicht identifiziert 
nitht identifiziert 
nidt t identifiziert 
5.6.9.10-Tetra-OTMS-Oetadecan- 
shu re: 
6.7.10.11-Tetra-OTMS-Octadecan-
sliure- 
8.9.12.13-Tetra-OTMS-Oetadecan-
sâure- 
9.10.13.14-Tetra-OTMS-Octadecan-
siiure- 
9.10.13.14-Tetra-OTMS-Oetadecan-
eure- 
8.9.12.13-Tetra-OTMS-Octadecan-
dure- 
9.10.13..14-Tetra-OTMS-Octadecan-
skure- 
9.10.12.13-Tetra-OTMS-Oetadecart-
saure- 	" 
10.11.14.15-Tetra.PTMS-Oetadecan-
saure- 
11.12.15.16-Tetra-OT3rIS-Octadecaa-
s5ure- 
9.10.15.16-Tetra-0TMS-Oetadecan-
saure- 
(12.13.16.17-Tetra-0TMS-Oeta-
decans5ure-) 
9.10.15 .16-Tetra-OTMS-Oetadeeen-
eure- 
9.10.15.16-Tetra-OTMS-Oetatlecan-
saure- 
8.9.15.16-Tetra-OTMS-Oetadecan-
s5ure- 
9.10.15.16-Tetra-OTMS-Oetaclecart-
sliure- 
9.10.11.12.13.Penta-0TMS-Octa-
decansâure- 
9.10.16.17-Tetra-OTMS-Oetadecan-
sliuredethy1ester 
+ nicht identifizierte Komponente 
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Table 4 
Peak # (Fig. 6) 

Table 5 
Peak . #  (Fig. 7) 

1 

9 

3 

4 

5 

6 

1 

2 

5 

6 

7 

8 

10 - 

11 

12 

13 

14/15 

16 
17 	. 

C18:2 
w.  

32 
M 

- 

'C -tCH21x--CH 

3 
TMS 

-CH-{CH-CH 
0 • 	0 

TMS. 	TMS 

-CH -(é1-12)..-CH3 

TMS 

AAB  . 	. 
. 	_TMS.TrWmithyLsily1 

C/1`.1 ' 

Peak Nr. (nadi Abb. 6) Komponente. C omponent 

5.6.9.10-Tetra-OTMS-Octadecan- 
sau re-
6.7.10.11-Tetra-OTMS-Octadecan-
shure- 
8.9.12.13-Tetra-OTMS-Octadecan: 
saure- 
9.10.13.14-Tetra-OTMS-Octadecan-
saure- 
9.10.12.13-Tetra-OTMS-Octadecan-
saure- 
11.12.15.16-Tetra-OTMS-Oetadecan-
saute- 
9.10.11.12.13-Penta-OTMS-Oeta-
decansausemethylester 

Table 4:  Components of frac-
tion III (at 1:50 dilution) 
identified by mass-spectrometry. 

Table  5: Components of frac-
tion V identified by mass-
spectrometry. 

Saure 	acid. 

Peak Nr. (nadi Abb. 7) Komponente C omponent 

8.9.12.13-Tetra-OTMS-Octadecan-
satire- 
9.10.13.14-Tetra-OTMS-Octadecan-
saure- 
9.10.13.14-Tetra-OTMS-Oetadecan-
silure- 
8.9.12.13-Tetra-OT.MS-Octadecan-
shure- 
9.10.13.14-Tetra-OTM.S-Oetadecan-
saure- 
9.10.13.14-Tetra-OTMS-Oetadecan-
saure- 
7.8.12.13-Tetra-OTMS-Oetadecan-
saure- 
6.7.12.13-Tetra-OTMS-Octadecan-
saure- 
9.10.14.15-Tetra-OTkIS-Oetadecan-
saure- 
10.11.15.16-Tetra.OTMS-Octadecan-
sliure- 
9.1oa5.16-Tetra:OTMS-Octadecart-
saure- 	••• • 
9.10.16.17-Tetra-OTMS-Oetadecan-
saure- 
6.7.9.10.12.13-Hexa-OTMS-Octa-
decansaiire- 
6.7.9.10.12.13-1-lexa-OTMS-Octa-
decansaure- 
9.10.17.18-Tetra-On1S-Octadecan-
saure- 
8.9.11.12.14.15-Hexa-OnIS-Octa. 
decansaure 
nicht identifiziert 
9.10.12.13.15.16-Hexa-OTMS-Octa-
decansaure.methylester 

Fig. 7  

150 	140 	130 

-250.circrmini-220.c 

-- 

Gas chromatogram of fatty acid 
methyl esters of fraction IV after 
derivatization. Peaks marked by 
numbers are listed in Table 5. Gas-
chromatographic conditions saine as 
in legend to Fig. 3. 

Fig.  8 

Fragmentation scheme 
of OTMS-octadecanoic acid methyl 
esters. 120 	- 11 0 	• Igo • 	- 90 min 
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Based on the principal investigations on synthetic substances*, inter-

pretation of mass spectra of poly-OTMS-octadecano-ic acid methyl esters was

simple. While the fragmentation scheme is 'principally similar in all types

of OTMS-octadecanoic acid methyl esters, the intensity of the fragments formed

depends on the position of the double bond (Fig. 8). In the mass spectra of

methylene interrupted OTMS-octadecanoic acid methyl esters, the base peak is

formed by the fragment (B-90)(splitting of TMSOH) or (C-90), depending on the

distance of the first double bond from the terminal carboxy group. All other

fragments, such as A, A +73, (addition of TMS to carbonyl oxygen of A) B,C,D

and subsequent fragments are present.

Upon transition from 9,10,13,14-tetra-OTMS-octadecanoic acid methyl

esters to 9,10,14,15-tetra-OTMS-octadecanoic acid methyl esters, the base peak

of (B-90) changes over to fragment A: apparently the stability of the fragment

(B-90) or (C-90) is strongly reduced by the three methylene groups between the

original double bonds, a fact evident from the relative elevation of the corres-

ponding fragments (B-180) or (C-180). Naturally, in view of the elevation of

fragment A, the fragments depending on A are also enlarged. The abovementioned

fragments m/e = 129 and m/e =.191 are now distinctly higher. This trend is fur-

ther enhanced when two further methylene groups are introduced between the

original double bonds: the stability of fragments (B-90) and (C-90) is further

reduced while fragment A becomes relatively larger and the base peak remains.

If they do not contain too many components, even mixed spectra can be inter-

preted unequivocally (Fig. 12). This mixed spectrum is the spectrum of two

OTMS-octadecanoic acid methyl esters, to wit that of the 5,6,9,10- and of the

6,7,10,11-tetra-OTMS-octadecanoic acid methyl ester. Since an ethylene group

lies between the TMS-glycol groups in this case, the fragment m/e = 129 appears;

*Tables for the mass spectra of non methylene interrrupted octadeca..-
dienoic acid niethy1 esters as OTMS derivatives may be requested from the author.
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Fig_t_21.  Mass spectrum of the 9,10,12,13-tetra-OTMS-octa-
decanoic acid methyl ester (peak el/fraction III). Mass spectra 
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- Fig. 10:  Mass spectrum of 0,10,14,15-tetra-OTMS-octadecanoic acid 
methyl ester. 

Fig. 11:  Mass spectrum of 9,10,16,17-tetra-OTMS-octadecanoic 
acid methyl ester. 

Relative IntensitAt = relative intensity. 
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Fig. 12:  Mass spectrum of 5,6,9,10 and 6,7,11,11-tetra- 
OTMS-octadecanoic acid methyl esters. 

Table 6 	 Table  2 

.Xthylen- Propylen- Butylen-- Pentylen- Ilexylen, 	C18:2 	. , ' 

unterbrochene Octadecadiensâuren aus Frauenmilch 	
-  

	 . 	dx.9f49.x ---,' 

C18:2 45.9 	• 47.12.. 	46.12 ' -49.16-  4917_1' .: - 	45.9 	•:-.. , 

46.10 	49.14 	49.15 	(48.15) 	-,...... « 49.12 -- 

d8.12 	410.15 	 . • 	49.13 . 

219.13 - 49.14- . . 

410.14 4915 

 411.15 - 49.16 . 

• . 	(412.16) . 	49.17 	S .  
, 

Table 6:  Octadecadienoic acids identified in mother milk. 
unterbrochene = interrupted; ...sauren . acids; 
aus Frauenmilch = from mother milk. 

Table 7:  Octadecadienoic acids detected by the author and 
rearranged in a different scheme (see text). 



this fragment reaches its highest intensity in the tetra-OTMS derivatives of 

ethylene interrupted dienoic acid methyl esters. But, the base peak in this 

group of methyl esters is the fragment (B-90) or (C-90) respectively. Follow-

ing evaluation of all mass spectra the octadecadienoic acids listed in Table 6 

were found to be present in mother milk. 

In an analysis of the isomeric octadecadienoic acids, one is struck 

by the fact that - unlike in findings on C18:1  fatty acids from mother milk (2) 

and cow's milk (28), one finds hardly any isomers with a double bond between 

C-9 and the carboxy group. Apart from possible biological reasons for this 

phenomenon, we must first dwell on experimental reasons. Based on the Rf-values 

of the isomers on AgN0 8-impregnated silica gel plates and the retention times 

of tetra-OTMS-octadecanoic acid methyl esters on a SE-30 column, we should 

anticipate that - with the exception of a 2,3,9,10- or 3,4,9,10-tetra-OTMS-

octadecanoic acid methyl ester - such isomers would behave similar to a 

C18:2 A9,12 and its derivatives. Consequently its mass spectrometric demonstra-

tion Would seem to be thwarted by the large excess in 9,10,12,13-tetra-OTMS-

octadecanoic acid methyl ester. Furthermore, one must also reckon with exper-

imental problems when a double bond in position 2 or 3 (as fatty acid ester) 

is hydroxylated with 0s04 . 

The biogenesis of these positional fatty acid isomers is not known 

so far. When the octadecadienoic acids detected by us are arranged differently 

(Table 7), one obtains some clues for a possible biosynthetic pathway. For the 

series C18:2'x' 
a second double bond in A9 may be introduced into existing 

Lx-octadecenoic acids through a A9-desaturase (16). Among the remaining groups 

one is struck by the fact that - apart from the C18:2A10,14 - all other fatty 

acids have a double bond at the "normal" site. Among these, the series of 

C18:2 A6 ' x may be attributed to an active A6-desaturase (30). The appearance 

of Ax,12 and Ax,15 is hard to explain since - according to the classic studies 



of Klenk (31) and Stumpf (32) p12 and 15-desaturases belong to the realm of

plants. Despite the fact that these desaturases allegedly occur in plants, we

found no such isomers in plant oils, such as maize germ oil and soy lecithin,

rich in linoleic acid*(33). In all probability there is a constant alternation

between desaturation,. a-oxidation,s-oxidation and chain elongation. f-fowever,

this biosynthetic pathway for positional isomeric fatty acids need not be

'limited to the mammary glands, as Hay and Morrison reported recently (34), but

may take place at all sites with active lipid metabolism.

14-

I

* We are indebted to Dr. Betzing, Na-tbermann, Cologne for pure soy lecithin.
This study was supported by the "DFG and the Bundesforschungsministerium".
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