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Abstract 
Lecithins (separated on basic silicic acid col- 

umns) were obtained from humans fed three 
different diets: either ad-libitum or diets con- 
taining 40% of calories from linoleic acid (as 
corn oil) or from oleie acid (as triolein). Four 
lecithin subtractions were studied from each 
dietary group. Lecithin fractions eluting earliest 
(and apparently the least polar) contained the 
highest molar ratios of unsaturated fatty acids 
and the highest proportion of C-20 to C-22 poly- 
unsaturated fat ty acids. A slight increase m 
proportions of diunsaturated molecules occurred 
in corn oil and triolein groups. However, over 
90% of lecithins of each dietary group were main- 
ta ined as the monosaturated-monounsaturated 
type. Therefore, in contrast to human adipose 
tissue triglycerides, the saturated/unsaturated 
fat ty acid ratio of lecithins of the erythrocyte 
membrane is largely unaffected by immense in- 
creases in dietary unsaturated fat ty acid. Major 
shifts of oleic and linoleie acid occurred but 
proportions were unaltered of longer chain length 
( >  C-18) polyunsaturated fat ty acids. The rel- 
evance of these findings to membrane structure 
and function and to glyeerophosphatide bio- 
synthesis is discussed. 

Introduction 

p R E V I O U S L Y  T H E  E F F E C T S  o f  alterations of dietary 
fatty acids on tile various phospholipids of 

human erythroeytes were described (1). This report 
extends the earlier studies to detail the differences 
in fat ty acid composition induced by diet in sub- 
fractions of a single class of red cell phosphatide, 
the choline phosphoglycerides. In human erythrocytes 
only 8% of this lipid class is in the form of alkenyl, 
alkylglyeerylphosphoryleholine (choline plasmalogen) 
(2); the remainder is in the diacyl form (lecithin) 
(2). Therefore calculated molar ratios of unsat- 
urated to saturated fatty acids of the total mixed 
choline phosphoglycerides will allow estimates of the 
most common internal molecular arrangement of 
fat ty acids in these molecules. 

Methods 
Erythrocytes were obtained from thrice-washed 

blood samples placed into EDTA (1 mg EDTA per 
ml blood) after withdrawal from 10 human subjects. 
Eight subjects were normal controls and were am- 
bulatory. Two subjects were hospitalized in a met- 
abolic ward and their dietary intake controlled, 
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H u m a n  Ery th roey te  L e e i t h i n s :  
D e v i a t i o n s  of  S t r u c t u r e  f r o m  R a n d o m  D i s t r i b u t i o n  of  F a t t y  A c i d s  

I Diunsatuvateg Monosat-Monounsat Disa.turateg 

D i e t a r y  s t a t e  Theory ] F o u n d  T h e o r y  Theory ] CRandom) ¢Random) Found   ando lFound 

Ad l ib i tum 2 5 %  2 . 9 %  5 0 %  9 3 . 6 %  2 5 %  3 .5% 
Trio le in  3 4 %  8 .8% 4 9 %  91 .2% 1 7 %  0 
Corn Oil 2 7 %  4 . 4 %  5 0 %  9 5 . 6 %  2 3 %  O 
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body weights were stable during this period. The 
subjects consumed different diets: the erythrocytes 
obtained from the subjects will be identified by the 
nature of the diet. First diet period: Ad-libitum, a 
diet of unknown but usual nature, consumed habit- 
ually by the 8 "normal"  subjetcs. Equal amts of 
washed erythrocytes (by volume) from each of these 
subjects were pooled for subsequent study. Second 
diet period: Triolein, a liquid formula diet (3) con- 
taining 40% of calories from triolein, 15% from 
protein and 45% from carbohydrate. Fa t ty  acid 
content of the fed triolein was > 99% oleic acid 
when analyzed by gas-liquid chromatography follow- 
ing transesterifieation with methonal (4). This was 
consumed for 15 weeks by a subject (a 35-year-old 
white female with familial hypercholesterolemia) be- 
fore the blood was obtained for study. Third diet 
period: Corn Oil, a liquid formula diet containing 
70% of calories from corn oil, 15% from protein and 
15% from carbohydrate. Fat ty  acid content of the 
corn oil was approx 56% linoleic acid, therefore 
40% of calories were derived from this fat ty acid. 
Other fat ty acids in corn oil were: 18% oleic acid, 
and 23% saturated fat ty acids (principally palmitic 
acid). This was consumed :for 8 weeks by a subject 
(a 54-year-old white male with arteriosclerotic heart 
disease and hypercholesterolemia) before blood was 
obtained for this study. 

An almost complete recovery ( > 9 7 % )  of the 
erythrocyte lecithin of the three categories was ob- 
tained by methods previously reported (2). These 
tecithins were then separated, by differences in net 
polarity, into four separate and almost equal frac- 
tions, by chromatography on basic silicic acid col- 
umns (5). Molar fatty acid compositions of each 
fraction were determined by methods previously des- 
cribed (4,6). 

Results and Discussion 
A minimal frequency of occurrence of disaturated, 

of monounsaturated-monosaturated, and of diunsat- 
urated ]eeithins was calculated for each of the four 
lecithin fractions of erythroeytes representing the 
three different dietary conditions. The calculations, 
Table I, were made by use of a binomial expansion, 
substituting the frequency of saturated fat ty acids 
(S) and of unsaturated acids (U) in each lecithin 
fraction into: (S ÷ U) s. Results are expressed as the 
sum of minimum frequency of occurrence of SS, US 
and UU molecules and are contrasted to the frequency 
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H u m a n  Erythrocyte  Choline Phosphoglyeer ides :  
D i e t a r y  Effects  on F a t t y  A c i d  D i s t r i b u t i o n s  

A d l ~ i t u m  Corn Oil T r i o l ~ n  

1 6 : 0  ...................................... 39 36 38 
1 8 : 0  ..................................... 1 I  12 5 
1 8 : 1  ..................................... 21 16 45 
18 :2  ..................................... 20 30 6 
2 0 : u n  ................................... 8 6 6 
2 2 : u n  ................................... 
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5O 

5O 

48 

52 

42 

58 

a I n c l u d e s  a l d e h y d r o g e n i c  chains .  
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% of total lecithin % of tote[ lecithin % of tot(ll le~ithln 
~oo ~s zs 29 24 27 I S  $00 22 25 32 2~ ~ ! 1  ~oo ~ 

?,,, ..... 

Diet hd libitum Trioleln-40% of colori~s Corn oi l- 40% of calories 

FIG. 1. H u m a n  e r y t h r o c y t e  lecil~hins, i s o l a t e d  b y  sil icic ac id  
c h r o m a t o g r a p h y .  

expected if all fatty acids were distributed randomly. 
It  is clear from Table I and Figure 1 that the 

predominant molecule in erythrocyte lecithin of all 
three dietary states is monounsaturated, monosat- 
urated. This indeed is expected since leeithins of a 
variety of animal tissues are predominantly of this 
type (7-9). These calculations (Table I) are, of 
course, estimates: analysis of narrower segments of 
the eluting lecithin would increase slightly the pro- 
portions of diunsaturated and disaturated molecules. 
It  is also clear that molecules separate according to 
their fat ty acid composition, the more unsaturated 
molecules eluting first. A similar behavior has been 
noted (10) on elution of two fractions of rat liver 
leeithins on untreated (neutral) silieic acid columns. 

Figure 1 shows that the major alterations produced 
by triolein or corn oil diets occurred in substitution 
of oleic and linoleie acids, as a function of the total 
amts provided in the diet. It is also evident from 
Table I that a modest increase (from 2.9% to 8.8% 
and 4.4% in dietary periods 1, 2 and 3) in diunsat- 
urated molecules occurred in the triolein and corn 
oil products. Some minor variations also are evident, 
such as an apparent decrease in stearie acid follow- 
ing triolein but not following corn oiI (Table II) .  
The cause for this is not clear but would occur if, 
for example, oleic acid but not linoleic acid was 
"pernf i t ted"  to occupy the a-position of lecithin. 
Also, (Table II)  the molar proportion of unsaturated 
fatty acids rose from 50% to 58% and 52% in the 
triolein and corn oil periods. However, these changes 
(Table II)  are minor in comparison to the extensive 
changes in fat ty acids of tissue triglyeerides observed 
in many subjects ingesting these diets for period 
up to three years (1,11). 

To explain the differences in degree of " imprint-  
ing"  of dietary fatty acids into triglyeerides and 
phospholipids, one could suggest that the diglyceride 
precursors in the supposed common pathway of bio- 
synthesis of these glycerol-lipids (12) are selected 

with greater speeificity for diversion into glycero- 
phospholipids. Alternatively, this specificity could 
well result instead front selectivity of a reaeylase 
enzyme (13-16) responsible for reeonstitntion of the 
original glyeerophosphatide molecules following their 
cleavage by phospholipase (s) to a-lysoleeithins 
(16,17). Fur ther  study will be required to deter- 
mine which of these alternatives is responsible, not 
only for the dietary induced alteration of fat ty 
acids reported, but for the distribution of fat ty acids 
in phospholipids of other membrane structures. Cur- 
rently there is little direct evidence to allow one to 
choose between these alternatives. However, recent 
studies of Stein et al. (18) on lipid synthesis in rabbit 
aorta provide indirect evidence in support of the 
thesis that many tissue phospholipids are extensively 
reorganized by the sequence of phospholipase and 
lysoleeithin reacylase meehanisms proposed by Lands 
et al. (17,19). 

It is of interest to ask if important changes in 
function of structural phospholipids will occur sec- 
ondary to environmentally induced variation in their 
fat ty acid structures. Some data exist relevant to 
this question. Two examples are: the absolute re- 
quirement for ]eeithins containing unsaturated fat ty 
acids for activity of a mitoehondrial dehydrogenase 
(20) and the different swelling rates of mitoehondria 
of varying fat ty acid composition (21). Further  
studies of these issues are clearly needed. 
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