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Age-dependent fatty acid composition of erythrocyte 
membrane phospholipids in healthy children 
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U n i v e r s i t ~ t s - K i n d e r k l i n i k  Df i s se ldor f ,  A b t e i l u n g  ftir  a l l g e m e i n e  P~d ia t r i e ,  
N e o n a t o l o g i e ,  G a s t r o e n t e r o l o g i e ,  S t o i t ' w e c h s e l  u n d  E rn f ih rung ,  
DUsse ldor f ,  F R G  

Summary: The fatty-acid composit ion of red-cell-membrane phospholipids (total 
phospholipids, phosphatidylcholine, and phosphatidylethanolamine fractions) was 
determined in 88 apparently healthy children aged 1 to 15 years, 10 cord blood 
samples, and 6 infants below 1 year of age. 

The major aim of the study was to determine the normal ranges of fatty-acid 
proportions, including trans- and odd-numbered fatty acids, for further studies of 
nutritional and metabolic disorders. 

The concentrations of most fatty acids of the phospholipids analyzed increased or 
decreased after birth and assumed adult levels before the second year of life. (~- 
linolenic acid (C18:3n - 3) and trans fatty acids, however, continued to increase with 
age until late childhood. 

Zusammenfassung: Bet insgesamt 88 gesunden Kindern im Alter zwischen 1 und 
15 Jahren, 6 Kindern unter einem Jahr  und in 10 Nabelschnurblutproben wurde die 
Fetts~iurenzusammensetzung der Phospholipide (Gesamt-Phospholipide, Phos- 
phatidylethanolamin, Phosphatidylcholin) untersucht. Ziel der Arbeit war es, 
altersabh~ingige Normbereiche fur die prozentuale Fettsfiurenverteilung ein- 
schliel31ich der Trans-Fettsfiuren und der ungeradzahligen Fetts&uren zu erstellen, 
als Grundlage for weitere Untersuchungen bet Ern/ihrungsst6rungen und Stoff- 
wechselkrankheiten. Die untersuchten Phospholipide wiesen besonders im 1. 
Lebensjahr deutliche Ver&nderungen in der Fetts~urenverteilung auf. Bis zu 
Beginn des 2. Lebensjahres bildete sich ein ,,adultes" Muster heraus. Lediglich die 
prozentualen Anteile der a-Linolensiiure (18:3 n -  3) und die der Trans-Fetts~uren 
stiegen welter bis zur zweiten Lebensdekade an. 

Key words: children; fatty acids; _erythrocyte phospholipids; t~hosphatidyletha- 
nolamine; 12hosphatidylcholine 

Schliisselwbrter: Fetts~iurenzusammensetzung; Gesamt-Phospholipide; Phos- 
phatidylethanolamin; Phosphatidylcholin 

Introduct ion 

T h e r e  are  a f ew  s tud i e s  on  t h e  fa t ty  ac id  c o m p o s i t i o n  in r ed -ce l l  m e m -  
b r a n e  l ip ids  o f  n o r m a l  n e w b o r n s ,  in fan ts ,  c h i l d r e n ,  a n d  a d u l t s  (1-10). 
T h e r e  is, h o w e v e r ,  no  da t a  to  ou r  k n o w l e d g e ,  w h i c h  d e s c r i b e s  t he  fa t ty  
ac id  p a t t e r n s  o f  r ed  cel l  l ip ids  t h r o u g h o u t  c h i l d h o o d ,  f r o m  b i r t h  to 
a d o l e s c e n c e .  B e c a u s e  o f  t h e  k n o w n  i n f l u e n c e  o f  d i e t a r y  fat  u p o n  fa t ty -ac id  
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c o m p o s i t i o n  o f  v a r i o u s  l i p i d s ,  f a t t y - a c i d  p a t t e r n s  m a y  v a r y  w i t h  a g e  a n d  
f r o m  c o u n t r y  t o  c o u n t r y .  

T h e  a i m  o f  t h e  p r e s e n t  s t u d y  w a s  t o  s e t  u p  t h e  n o r m a l  a g e - d e p e n d e n t  
r a n g e s  o f  t h e  p r o p o r t i o n s  o f  t h e  f a t t y  a c i d s  i n  r e d - c e l l - m e m b r a n e  l i p i d s  o f  
c h i l d r e n  w i t h  a v e r a g e  G e r m a n  d i e t a r y  h a b i t s  f o r  f u r t h e r  s t u d i e s  o n  n u t r i -  
t i o n a l  a n d  m e t a b o l i c  d i s o r d e r s .  

Materials  and m e t h o d s  

Subjects  

The  s t u d y  i n c l u d e d  t h r e e  m a l e s  a n d  t h r e e  f em a l e s  aged  1-11 m o n t h s  a n d  51 boys  
a n d  37 gir ls  aged  1-15 years .  T h e  age  d i s t r i b u t i o n  is g i v e n  in Tab le  1. I n  add i t ion ,  
co rd  b l o o d  f rom six ma le s  a n d  four  f em a l e s  was  s tud ied .  All  the  c h i l d r e n  h a d  b e e n  
re fe r red  to t h e  h o s p i t a l  for  e lec t ive  surg ica l  t r e a t m e n t .  N o n e  of  t h e m  was  ill. All  h a d  
ave rage  G e r m a n  d i e t a ry  hab i t s .  N o n e  of  t h e  i n f an t s  was  b r e a s t f e d  d u r i n g  the  s tudy.  

V e n o u s  b lood  s a m p l e s  3-5 ml  we re  co l l ec ted  in to  E D T A  t u b e s  f rom the  c h i l d r e n  
af te r  a n  o v e r n i g h t  fast. B l o o d  was  d r a w n  for c h e c k i n g  s o m e  l a b o r a t o r y  p a r a m e t e r s  
be fo re  a n e s t h e s i a  a f te r  p a r e n t a l  c o n s e n t  was  ob t a ined .  

Analysis o f  fatty acid in r e d  cell phospholipids 

The  E D T A - b l o o d  was  c e n t r i f u g e d  at 1500 x g at  r o o m  t e m p e r a t u r e  for  10 rain.  
P l a s m a  was  r e m o v e d  by  s uc t i on  a n d  the  r ed  cel ls  we re  w a s h e d  twice  w i t h  10 m l  of  
NaC1 (154 mmol / l )  c o n t a i n i n g  BHT.  

E x t r a c t i o n  of  l ip ids  fl 'om 1 m l  of  t he  p a c k e d  e ry th rocy t e s ,  s e p a r a t i o n  of  phos -  
p h a t i d y l c h o l i n e ,  p h o s p h a t i d y l e t h a n o l a m i n e  by  TLC, a n d  base -ca t a lyzed  t r anse s -  
t e r i f i ca t ion  of  t he  fa t ty  ac ids  in  t he  p h o s p h o l i p i d  ex t r ac t s  u s i n g  s o d i u m  m e t h o x i d e  
were  exac t ly  as d e s c r i b e d  p r e v i o u s l y  (11). 

The  GLC of  t he  fa t ty-ac id  m e t h y l e s t e r s  was  ca r r ied  ou t  w i th  a Dan i  6500 G R  
i n s t r u m e n t  (Dani  A n a l y s e n t e c h n i k ,  Mainz,  FRG)  e q u i p p e d  w i t h  a f l ame- ion iza t ion  
d e t e c t o r  a n d  a p r o g r a m m e d  t e m p e r a t u r e  v a p o r i z i n g  in jec tor .  M e t h o d s  for GLC,  
iden t i f i ca t ion ,  a n d  q u a n t i f i c a t i o n  of  the  p e a k s  as wel l  as t he  r e p r o d u c i b i l i t y  a n d  
p rec i s i on  of  t he  c o m p l e t e  t e c h n i q u e  h a v e  b e e n  d e s c r i b e d  p r e v i o u s l y  (11). In  e a c h  
sample ,  t he  p r o p o r t i o n s  of  t he  i n d i v i d u a l  fa t ty  ac ids  we re  ca l cu l a t ed  a n d  e x p r e s s e d  
as a p e r c e n t a g e  of  t he  to ta l  C15-C22 fa t ty  ac ids  in  t he  sample .  Da ta  are  p r o v i d e d  for  
to ta l  m e m b r a n e  l ip ids  as wel l  as for  t h e i r  p h o s p h a t i d y l c h o l i n e  a n d  p h o s p h a t i d y l -  
e t h a n o l a m i n e  f rac t ions .  Da t a  are r e p o r t e d  as m e a n s  _+ SD. 

Resul ts  

F o r  b o t h  s e x e s ,  i d e n t i c a l  r e s u l t s  w e r e  o b t a i n e d  f o r  t h e  f a t t y - a c i d  p a t t e r n s  
o f  t h e  p h o s p h o l i p i d  f r a c t i o n s  s t u d i e d .  

Tab le  1. N u m b e r  of  p a t i e n t s  in  the  d i f f e ren t  age g roups .  

Age g roup  Males  F e m a l e s  

Cord  b l o o d  6 4 
1 to 11 m o n t h s  5 1 
1 t o  3 y e a r s  12 5 
3 to 6 years  14 13 
6 to 9 years  11 11 
9 to 12 years  10 4 

12 to 15 years  4 4 
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Table 2a-c shows the age-related fatty-acid pat tern of total lipids and of 
the phosphat idylchol ine  (PC) and phospha t idy le thano lamine  (PE) frac- 
tions of  e ry throcyte  membranes  of  heal thy children. 

Table 3a-c shows a variety of  age-related parameters  of  red-cell-mem- 
brane lipids. With either phosphol ip id  fraction, about  25 % of total red-cell- 
m e m b r a n e  phosphol ip ids  were analyzed (6). In PE, which is predomi-  
nant ly located within the inner -membrane  bilayer (12), the polyunsatu-  
rated fatty acids cont r ibuted  approximate ly  55 % and the saturated fatty 
acids 22 % of all fatty acids. In PC, which is located p redominan t ly  within 
the outher  m e m b r a n e  bilayer, (12) the saturated fatty acids amoun ted  to 
approximate ly  44 % and the po lyunsa tura ted  fatty acids to approximate ly  
32 %. 

Age-dependent  alterations in the mos t  impor tan t  po lyunsa tura ted  fatty 
acids and in trans-fatty acids in the different red-cel l -membrane phos- 
pholipid fractions were as follows: 

After infancy there were only a few changes  in the propor t ions  of the 
fatty acids with increasing age. Extensive  alterations were observed 
within the first few mon ths  after birth. These were p redominan t ly  related 
to the linoleic (C 18:2 n-6) and a-linolenic (C 18:3 n-3) acids and their by 
enzymatic  desaturat ion and chain-elongat ion derived long-chain polyun-  
saturated fatty acids of the n-6  and n-3 families. 

Compared  to the values at birth, linoleic acid, which was higher  in the 
PC fraction than in the PE fraction, increased by approximate ly  21/2 - to 3- 
fold in total phosphol ip ids  and in both  fractions. The percentage of  
arachidonic acid (C 20: 4-6), which  was m u c h  higher  in P E  than in PC 
fraction, remained practically unchanged  in PE and decreased by 
approximate ly  50 % in the PC fraction. There was a small decline in 
docosate t raenoie  acid (C 22 :4  n-6) m e m b r a n e  concent ra t ion  and a 50 % 
decline in docosapentaenoic  acid (C 2 2 : 5  n-6), which  cont inued  into 
early childhood.  

After birth, we found a steep increase in m e m b r a n e  concentra t ion of  a- 
linolenic acid, which cont inued  into early childhood.  The concent ra t ion  of 
e icosapentaenoic  acid (EPA; C 20:5  n-3) remained  quite cons tant  dur ing 
the first year of age in total phosphol ip ids  (slight increase in PE;  slight 
decrease in PC) and showed a steep increase p redominan t ly  dur ing the 
second and third years of life. There was a distinct decline in docosahexa-  
enoic acid (DHA; C 22:6 n-3) dur ing the first year of  life, followed by a re- 
increase dur ing the second year of  life. 

There was also a small increase of  total n-6  fatty acids dur ing infancy, 
and in each PL  fraction studied a considerable  decrease in total n-3 fatty 
acids followed by a re-increase dur ing the second and third years of  age. 
There was hardly any change  in the odd-numbered  long-chain fatty acids 
(C15 and C17) dur ing infancy and childhood. 

Only the trans-fatty acid family showed significant alterations still dur- 
ing childhood.  In both phosphol ip id  classes studied, we found an abrupt  
linear increase dur ing the first two years of  life, which  became less steep 
dur ing the next  five years. The highest  mean  percentage  of  trans-fatty 
acids was found in the 6- to 9-year-old children and there seems to be a 
decline later. 
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Discussion 

This s tudy demonst ra tes  again that extensive alterations of  the thtty- 
acid composi t ion  of  red-cell lipids occur  dur ing infancy. They  are particu- 
larly related to the long-chain po lyunsa tura ted  fatty acids (PUFA), which  
are impor tan t  componen t s  of m e m b r a n e  sys tems in all tissues, inf luencing 
by their concentra t ions  different m e m b r a n e  functions.  Within a few 
months  after birth, the different red-cell phosphol ip id  classes assume a 
ihtty-acid pat tern of  adult  type, which  then remains  rather  cons tant  
t h roughou t  childhood.  

It is well k n o w n  that  mos t  of the alterations in m e m b r a n e  P U F A  
concent ra t ion  following birth occur  before or dur ing the first four weeks 
of  age (7, 13-15). 

The low concent ra t ion  of  ]inoleic and c~-linolenic acids in cord red cells, 
result ing from a low supply  of those fatty acids by the placenta (3), 
increase rapidly after in t roduct ion of  oral feeding. Another  characterist ic  
alteration is related to m e m b r a n e  DHA, which  is a major  cons t i tuent  of 
red-cell phospha t idy le thano lamine  at birth. There  is a s teady decline in 
m e m b r a n e  DHA after birth possibly due to a poor  ability to conver t  a- 
linolenic acid to DHA (low activity of  delta 4-desaturase (13), and it takes 
more  than one year of  dietary intake to reach an adult  m e m b r a n e  concen-  
tration, which  remains persis tent ly 1/3 to 1/2 of  the DHA levels found in 
cord-erythrocyte  membranes .  The concent ra t ion  of  total n-3 fatty acids in 
m e m b r a n e s  showed a t rough dur ing  the first weeks  of  life and reach adult  
levels not  before the second year  of  life. Very little change occurred in the 
total fatty acid of  the n-6 series. 

With respect  to trans fat ty acids an "adult  pat tern" in red-cel l -membrane 
phosphol ip ids  was not  at tained before childhood.  The cont inuing  increase 
in the trans-fatty-acid concentrat ion,  which forms a plateau in e ry throcyte  
membranes  of 6- to 9-year-old chi ldren can be explained by the augmen ted  
intake of  foods containing hydrogena ted  vegetable  oil, such as infant 
formulas, sweets, and bread spreads (16, 17). 

The fatty-acid pat tern of total phosphol ip ids  and the PE and PC frac- 
tions of  heal thy children between the ages of  2 and 14 years, which  we 
obtained, were in good agreement  with the findings of Rogiers and col- 
leagues (5, 6), who invest igated the red-cell fatty-acid pat terns of  8- to 10- 
year-old Belgian chi ldren and are comparable  with those descr ibed for 
heal thy adults (9, 10, 11). 

In addit ion to data on previous studies using convent ional  packed  GC- 
columns,  we also are able to provide mean  values of propor t ions  of  the 
trans-fatty-acids and the odd-numbered  fatty-acids in ery throcytes  mem-  
brane lipids in heal thy chi ldren of different ages. The measu remen t  of 
both types of fatty acids in easily obtainable samples,  such as erythro- 
cytes, might  be of  interest in assessing the effect of differences in long- 
term trans-fatty acid intake and in odd -numbered  fatty-acid (C15 and C17 
acids) product ion  in metabolic  diseases (18). 
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