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ABSTRACT 

Umbil ical  cord  blood was c o l l e c t e d  immediately a f t e r  b i r t h  from 55 u n s e l e c t -  

ed newborn i n f a n t s .  F a t t y  a c i d  s p e c t r a  o f  serum c h o l e s t e r o l  e s t e r s ,  t r i-  

g l y c e r i d e s ,  phosphol ip ids  and f r e e  f a t t y  a c i d s  were determined by a combination 

of  t h i n  l a y e r  and gas  l i q u i d  chromatography. T r i g l y c e r i d e  and c h o l e s t e r o l  con- 

c e n t r a t i o n s  were determined i n  t o t a l  serum and i n  t h e  t h r e e  major l i p o p r o t e i n  

c l a s s e s .  The t h r e e  major f a t t y  a c i d s  i n  c h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and 

f r e e  f a t t y  a c i d s  were p a l m i t i c ,  o l e i c  and l i n o l e i c  a c i d ,  compris ing 75 p e r  c e n t  

o f  a l l  a c i d s .  I n  phosphol ip ids  p a l m i t i c ,  s t e a r i c  and arachidonic  a c i d  comprised 

about  75 p e r  c e n t  of a l l  a c i d s .  The g r e a t e s t  amounts o f  l i n o l e i c  a c i d  were 

obta ined  i n  c h o l e s t e r o l  e s t e r s  (about  20 p e r  c e n t )  and f r e e  f a t t y  a c i d s  (about  

15 per  c e n t ) ,  whereas a rachidonic  a c i d  w a s  q o s t  common i n  c h o l e s t e r o l  e s t e r s  

(about  1 2  p e r  c e n t )  and phosphol ip ids  (about  18 per  c e n t ) .  I n  a d d i t i o n  phos- 

p h o l i p i d s  conta ined  1 6  per  c e n t  h i g h l y  u n s a t u r a t e d  f a t t y  a c i d s  b e s i d e s  l i n o -  

l e i c  and arachidonic  x i d .  There were no sex  d i f f e r e n c e s  w i t h i n  any l i p i d  

f r a c t i o n .  There w a s  a s t r i k i n g  d i f f e r e n c e  i n  t h e  f a t t y  a c i d  p a t t e r n  between 

cord blood and a d u l t  blood.  The r e l a t i v e  c o n t e n t  of l i n o l e i c  a c i d  w a s  60-70 
per  cent  lower i n  c h o l e s t e r o l  e s t e r s  and phosphol ip ids .  F u r t h e r ,  much h i g h e r  

r e l a t i v e  c o n t e n t s  of  a rachidonic  a c i d  were found i n  a l l  serum l i p i d s  at  b i r t h .  

The r a t i o  between polyunsa tura ted  and s a t u r a t e d  f a t t y  a c i d s  i n  t r i g l y c e r i d e s  

and f r e e  f a t t y  a c i d s  w a s  t h e  same i n  newborns and a d u l t s ,  b u t  t h e  r a t i o  w a s  

lower i n  c h o l e s t e r o l  e s t e r s  and phosphol ip ids  a t  b i r t h .  There w a s  a l s o  a 

p o s i t i v e  c o r r e l a t i o n  between l i n o l e i c  and arachidonic  a c i d s  i n  c h o l e s t e r o l  

e s t e r s  and i n  t r i g l y c e r i d e s .  For most of t h e  f a t t y  a c i d s  t h e r e  were p o s i t i v e  

c o r r e l a t i o n s  between c h o l e s t e r o l  e s t e r s  and t r i g l y c e r i d e s .  The v a r i o u s  cor re-  

l a t i o n s  sugges t  s imi la r  s t e p s  i n  t h e  f o e t a l  l i v e r  metabolism and/or  i n  t h e  

p l a c e n t a l  t r a n s f e r  and metabolism of  d i f f e r e n t  a c i d s .  There were weak p o s i t i v e  

c o r r e l a t i o n s  between t h e  serum t r i g l y c e r i d e  c o n c e n t r a t i o n  and t h e  r e l a t i v e  

conten t  o f  l i n o l e i c  a c i d  i n  t r i g l y c e r i d e s  and of  l i n o l e i c  and arachidonic  a c i d  

i n  c h o l e s t e r o l  e s t e r s .  Cnly very  weak o r  no c o r r e l a t i o n s  were p r e s e n t  between 
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t o t a l  serum c h o l e s t e r o l  and t h e  d i f f e r e n t  f a t t y  a c i d s .  The c o r r e l a t i o n s  be- 

r;ween f a t t y  a c i d s  and t h e  v e r y  low, t h e  low and t h e  h igh  d e n s i t y  l i p o p r o t e i n s  

w e r e  s i m i l a r  or weaker t h a n  those  between f a t t y  a c i d s  and t o t a l  serum l i p i d s , .  

INTRODUCTION 

F a t t y  a c i d s  a r e  t r a n s p o r t e d  i n  serum e i t h e r  as albumin-bound free f a t t y  

a c i d s  or as f a t t y  a c i d s  i n  c h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and phospho- 

l i p i d s .  These l i p i d s  a r e  c a r r i e d  i n  d i f f e r e n t  l i p o p r o t e i n s .  The c o n c e n t r a t i o n  

and composition of  l i p o p r o t e i n s  i n f l u e n c e  t h e i r  p r o p e r t i e s .  Thus i n c r e a s e d  

c o n c e n t r a t i o n s  o f  t r i g l y c e r i d e s  ( 6 )  and/or  c h o l e s t e r o l  ( 2 1 )  as w e l l  as a low 

c o n t e n t  of  po lyunsa tura ted  f a t t y  a c i d s  ( 2 0 ) ,  a r e  a s s o c i a t e d  wi th  an i n c r e a s e d  

r i s k  of  a t h e r o s c l e r o t i c  v a s c u l a r  d i s e a s e .  A h i g h  d i e t a r y  i n t a k e  o f  l i n o l e i c  

a c i d ,  t h e  most common polyunsa tura ted  f a t t y  a c i d ,  i s  thought  t o  be  b e n e f i c i a l ,  

s i n c e  i t  lowers  t h e  serum c h o l e s t e r o l  c o n c e n t r a t i o n  ( 2 7 ) .  A t  b i r t h  t h e  con- 

c e n t r a t i o n  of  serum l i p i d s  i s  low and seems t o  be independent o f  t h e  mother ' s  

n u t r i t i o n a l  s t a t u s  o r  e t h n i c  group ( 2 ,  1 4 ,  1 6 ,  2 6 ) ,  and i n  most i n v e s t i g a t i o n s  

no c o r r e l a t i o n  with materna l  serum l i p i d s  h a s  been found ( 2 8 ,  29, 3 9 ) .  Chol- 

e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and phosphol ip ids  do not  p a s s  t h e  human p l a c e n t a  

( reviewed i n  3 ,  15, 31) .  Free f a t t y  a c i d s ,  on t h e  o t h e r  hand, a r e  t o  some 

e x t e n t  t r a n s f e r r e d  through t h e  p l a c e n t a  ( 3 6 ) ;  short-chained f a t t y  a c i d s  e a s i -  

l y  (7), b u t  longer-chained probably wi th  l i m i t a t i o n s  ( 8 ,  9 ) .  
L i n o l e i c  a c i d  w i t h  18 carbon atoms and two double  bonds (18:2)  and a r a c h i -  

donic  a c i d  ( 2 0 : 4 )  a r e  cons idered  t o  be e s s e n t i a l  f a t t y  a c i d s ,  t h a t  i s  t h e y  a r e  

n o t  synthes ized  i n  t h e  human body, b u t  must be s u p p l i e d  i n  t h e  d i e t  ( reviewed 

i n  I, 3 7 ) .  Furthermore t h e  c h a i n  l e n g t h  o f  t h e s e  f a t t y  a c i d s  s u g g e s t s  a l i m i t -  

ed  t r a n s p o r t  from mother t o  f o e t u s .  Previous s t u d i e s  of  cord  blood have a l s o  

shown lower c o n t e n t s  o f  l i n o l e i c  a c i d ,  b u t  most ly  h i g h e r  c o n t e n t s  o f  arachidon-  

i c  a c i d  i n  c h o l e s t e r o l  e s t e r s  ( 1 2 ,  29, 39, 41), t r i g l y c e r i d e s  ( 1 2 ,  29, 3 9 ) ,  
t o t a l  or f r a c t i o n s  o f  phosphol ip ids  ( 2 8 ,  29,  35,  40, 4 1 )  and f r e e  f a t t y  a c i d s  

( 2 9 ,  3 0 ) .  Di f fe rences  have been found between t h e  i n v e s t i g a t e d  popula t ions  and 

t h e  m a t e r i a l s  have most ly  been s m a l l .  Only one d e s c r i p t i o n  ( 2 9 )  concerned 

f a t t y  a c i d s  i n  t h e  f o u r  d i f f e r e n t  l i p i d s .  

The a i m  o f  t h i s  s tudy  w a s  t h e r e f o r e  t o  d e s c r i b e  t h e  normal f a t t y  a c i d  

spectrum of  c h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s ,  phosphol ip ids  and f r e e  f a t t y  

a c i d s  i n  a reasonably  l a r g e  popula t ion  of  normal newborns t o  o b t a i n  a c o n t r o l  

m a t e r i a l  f o r  f u r t h e r  s t u d i e s  on abnormal pregnancies  an2 d e l i v e r i e s  and f o r  

p r o s p e c t i v e  ana lyses  of  normal and abnormal development a f t e r  b i r t h .  We a l s o  

ana lysed  t h e  d i s t r i b u t i o n s  and r e l a t i o n s h i p s  of  f a t t y  a c i d s  w i t h i n  and between 

t h e  d i f f e r e n t  l i p i d s  and t h e i r  r e l a t i o n s  t o  serum l i p i d  c o n c e n t r a t i o n s ,  w i t h  

s p e c i a l  r e f e r e n c e  t o  t h e  e s s e n t i a l  f a t t y  a c i d s .  The va lues  were compared wi th  

t h o s e  o f  h e a l t h y  a d u l t  men t o  d i s t i n g u i s h  p r i n c i p a l  d i f f e r e n c e s  and s i r n i l a r t -  

46 



ties. 
This study was a part of a one-year population study of newborn infants 

undertaken to investigate the possibilities of early detection of atherogenic 

hyperlipidaemias. A preliminary note on our major findings has been presented 
earlier (18). 

MATERIALS 

Cord blood samples from 55 full-term, healthy newborns with a birth weight 
of 3675 k 445 g (mean ? standard deviation; range 2640-5010 g) were studied. 
They were collected consecutively during 48-hour periods once a week in the 

course of 6 weeks in May-June 1975. All infants were born at the Department of 
Obstetrics and Gynaecology, University Hospital, Uppsala, and only births 

after normal pregnancies and uncomplicated deliveries were accepted in the 

study. The adult reference material comprised a random sample from the city of 

Stockholm of 26 forty-year old healthy men (24), from whom venous blood was 
drawn after an overnight fast and abstinence from smoking. The two materials 

were analysed by the same methods at the King Gustaf V Research Institute. 

METHODS 

Sampling procedure 

Free-flowing cord blood from the placental end of the umbilical cord was 

collected immediately after the umbilical artery pulsations had ceased. No 

deviations were made from the routine practice of deliveries at the department. 

After allowing 2-3 hours for clotting, serum was separated by centrifugation 

and 5 per cent EDTA was added to a final concentration of 0.05 per cent. The 
specimens were stored at +hoe prior to analyses of lipids and lipoproteins, 
which were performed within 72 hours after sampling. Serum for gas-liquid 
chromatographic determination of fatty acid spectrum was frozen and stored at 

-2OOC for less than 2 months before analysis. 

Fatty acid analysis 

Fatty acid spectra of serum cholesterol esters, triglycerides, phospho- 

lipids and free fatty acids were determined by a combination of thin-layer and 

gas-liquid chromatography as described in detail elsewhere (38). After lipid 
extraction free fatty acids were selectively methylated by diazomethane and 

all lipids were separated as described (38). Cholesterol esters, triglycerides 

and phospholipids were methylated by 5 per cent H2S04 dissolved in methanol at 
+6ooc for 12-16 hours under nitrogen. Methyl esters were extracted into petro- 
leum ether. Aliquots of each lipid fraction were separated isothermally at 

+180 or +190°C on a 1.8 metre glass column with an internal diameter of 2 mm 

with a 10 per cent DEGS-PS phase in an automatic (7671A) Hewlett Packard 
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(5720A)  chromatograph. The peaks were identified by relative retention times 

and the area was integrated with an Autolab system SP-4000 integrator. On each 

day of analyses standards of NIH series and PUFA 1-2 purchased from Supelco , 
were run. The eight most cormnon fatty acids were identified according to rela- 

tive retention times compared to standards and the sum was taken as 100 per 

cent. In addition, longer polyunsaturated fatty acids were also tentatively 

identified in the phospholipid fraction and the relative composition was re- 

calculated with inclusing of these acids, as described under Results. An exam- 

ple of an assay of phospholipids in cord serum is shown in Fig. 1. 

SOlVl 

1 

Injcj n 

2 0 4  

22:s 
2 2:L 20:5 

Figure 1. Fatty acid spectrum of total serum phospholipids. Each fatty acid is 
indicated by its number of carbon atoms and the number of double 
bonds. Identified fatty acids are indicated as further described in 
the section on methods. 

Lipids and lipoprotein measurements 

Fractionation of lipoproteins into the main classes, very low, low and high 

density lipoproteins, was performed by preparative ultracentrifugation at densi- 

ties of 1.006 and 1.063 (5). Total serum and the three fractions were then ex- 
tracted by isopropanol for determination of cholesterol (4) and triglycerides 
(22). The results of the lipoprotein determinations were acceptable in 44 new- 
borns in whom the recovery of cholesterol and triglycerides in the lipoprotein 

classes was within the range of 87-113 per cent of the total serum lipid con- 
centration. The values from these 44 infants were representative for the larger 
material of newborns for whom concentrations of triglycerides and cholesterol 

in total serum and lipoproteins have been described (17). 

Stat is tical methods 

Statistical analyses were performed as described by Snedecor and Cochran 

(34). 
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RESULTS 

Serum t r i g l y c e r i d e s  and c h o l e s t e r o l  

I n  t o t a l  serum t h e  c o n c e n t r a t i o n  of t r i g l y c e r i d e s  w a s  0.40?0.02 mmol/l (mean 

SEM; range 0.19-1.01) and o f  c h o l e s t e r o l  1.76k0.05 ( r a n g e  1,27-2.77). The 

c h o l e s t e r o l  and t r i g l y c e r i d e  c o n c e n t r a t i o n s  i n  very low, low and high d e n s i t y  

l i p o p r o t e i n s  w e r e  t h e  same as i n  t h e  l a r g e r  m a t e r i a l  d e s c r i b e d  e a r l i e r  ( 1 7 ) .  

Sex d i f f e r e n c e s  

No sex d i f f e r e n c e  w a s  found i n  t h e  r e l a t i v e  f a t t y  a c i d  c o n t e n t  i n  c h o l e s t e r o l  

e s t e r s ,  t r i g l y c e r i d e s ,  phosphol ip ids  and f r e e  f a t t y  a c i d s .  Nei ther  w a s  t h e r e  

any s e x - r e l a t e d  c o r r e l a t i o n  between b i r t h  weights  and e i t h e r  l i p i d  concentra-  

t i o n s  or f a t t y  a c i d  composition of  l i p i d s .  S ince  no d i f f e r e n c e s  were found be- 

tween t h e  sexes  i n  t h e  composition o f  l i p i d s ,  boys and g i r l s  were pooled i n  t h e  

f u r t h e r  a n a l y s e s .  

F a t t y  a c i d  composi t ion of  serum l i p i d s  

D e t a i l s  wi th  mean v a l u e s ,  SEM and ranges a r e  given i n  Table  I .  
C h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and f r e e  f a t t y  a c i d s .  The t h r e e  major f a t -  

t y  a c i d  c o n s t i t u e c t s  were p a l m i t i c  (16:0), o l e i c  (18:l) and l i n o l e i c  a c i d ,  t o t -  

a l l y  about  75 p e r  c e n t  o f  t h e  f a t t y  a c i d s .  L i n o l e i c  a c i d  occurred  i n  about 20 

p e r  c e n t  i n  c h o l e s t e r o l  e s t e r s  and i n  about  I5 p e r  c e n t  i n  t h e  o t h e r  f r a c t i o n s .  

The percentage  of  a rachidonic  a c i d  i n  c h o l e s t e r o l  e s t e r s  w a s  about  1 0 .  

Phosphol ip ids .  The dominating f a t t y  a c i d  w a s  p a l m i t i c  a c i d  (about  40 p e r  

c e n t  of  t h e  f a t t y  a c i d s ) .  The percentages  of s t e a r i c  (18:o) and arachidonic  

a c i d  were about  20 and of l i n o l e i c  a c i d  about 10.  I n  a l l  c a s e s  longer  and high-  

l y  u n s a t u r a t e d  f a t t y  a c i d s ,  i . e . ,  20 :3 ,  20:5, 2 2 : b  and 22:5, were a l s o  determ- 

i n e d .  These a c i d s  comprised 8 ,  I, 1 and 6 p e r  c e n t  of  a l l  f a t t y  a c i d s .  

Linolers acid 

D L I 12 8s 29 I' ?. 0 1 II I2  16 *(I 2 L  % 

Per rmt of total fatty acids 

Figure  2 .  Cumulative frequency d i s t r i -  
b u t i o n  of  l i n o l e i c  a c i d  i n  
serum l i p i d s  a t  b i r t h  

Figure 3. Cumulative frequency d i s t r i -  
b u t i o n  of  a rachidonic  a c i  J 
i n  serum l i p i d s  a t  b i r t h  
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The cumulat ive frequency d i s t r i b u t i o n s  Of  t h e  e s s e n t i a l  f a t t y  a c i d s  i n  t h e  

d i f f e r e n t  l i p i d s  a r e  shown i n  F i g .  2 and 3.  The S-shaped curves  sugges t  f a i r l y  

normal d i s t r i b u t i o n s .  

D i s t r i b u t i o n  o f  f a t t y  a c i d s  i n  newborn infants 'compared t o  a d u l t  men 

I n  F ig .  4 t h e  s p e c t r a  o f  t h e  e i g h t  most common f a t t y  a c i d s  i n  c h o l e s t e r o l  

Cholesterol esters 

per cent - 

50 - 

LO - 

30 - 

20 - 

10 . 
*I* 

140 160 161 180 181 182 183 204 

Phospholipids 

per cent 

LO 

30 

20 

10 

0 
I L O  160 161 180 181 182 183 2 O L  

Triglycerides 

I per cent 

40 n 

per cent 

40 

30 

n 

30 . 

20 - 

10. 

0 -  
140 160 161 180 181 182  183 2 0 L  

Free fatty acids 

XU* r 

1L 0 16 0 16 1 18 0 I8 1 

+x* 

182 183 2 0 L  

Figure  4. S p e c t r a  of  t h e  e i g h t  most common f a t t y  a c i d s  i n  serum l i p i d s  i n  new- 
born i n f a n t s  and a d u l t s .  x) p<O.O5, xx) pCO.01, and xxx)p<O.OOl i n d i -  
c a t e s  t h e  degree of  s i g n i f i c a n c e  i n  t h e  d i f f e r e n c e  o f  f a t t y  a c i d  con- 
t e n t  between newborns and a d u l t s .  Abbrevia t ions  o f  f a t t y  a c i d s  as i n  
Table  I .  
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e s t e r s ,  t r i g l y c e r i d e s ,  phosphol ip ids  and f r e e  f a t t y  a c i d s  i n  both newborns and 

a d u l t s  a r e  i l l u s t r a t e d .  The f a t t y  a c i d  composition of  t h e  d i f f e r e n t  l i p i d s  

showed both s imi la r i t i es  and d i f f e r e n c e s  between newborns and a d u l t s .  I n  new; 

born i n f a n t s  t h e  f a t t y  a c i d  spectrum w a s  d i s p l a c e d  towards shor te r -cha ined  

a c i d s  i n  c h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and f r e e  f a t t y  a c i d s .  The most 

s t r i k i n g  d i f f e r e n c e  w a s  t h e  much lower r e l a t i v e  c o n t e n t  o f  l i n o l e j c  a c i d  in 

c h o l e s t e r o l  e s t e r s  and phosphol ip ids  a t  b i r t h .  A t  b i r t h  t h e  r e l a t i v e  conten t  

o f  a rachidonic  a c i d  w a s  more t h a n  double t h a t  i n  a d u l t s  i n  a l l  serum l i p i d s .  

The h i g h e s t  conten ts  were p r e s e n t  i n  c h o l e s t e r o l  e s t e r s  and phosphol ip ids .  

The r a t i o  between t o t a l  po lyunsa tura ted  and s a t u r a t e d  f a t t y  a c i d s  (PIS, 

Table 1 )  i n  t r i g l y c e r i d e s  and f r e e  f a t t y  a c i d s  w a s  t h e  same as i n  a d u l t s ,  bu t  

t h e  newborns had lower r a t i o s  i n  t h e i r  c h o l e s t e r o l  e s t e r s  and phosphol ip ids  

( 3 0  and 75 p e r  c e n t  o f  t h e  corresponding va lues  i n  a d u l t s ) .  

R e l a t i o n s h i p  between f a t t y  a c i d s  w i t h i n  each l i p i d  f rac t , ion  

Only s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  summarized i n  Table 2 .  I n  

c h o l e s t e r o l  e s t e r s  and t r i g l y c e r i d e s  t h e  e s s e n t i a l  f a t t y  a c i d s  c o r r e l a t e d  

n e g a t i v e l y  with t h e  monounsaturated f a t t y  a c i d s .  There w a s  a p o s i t i v e  correlzi- 

t i o n  between l i n o l e i c  and arachidonic  a c i d  i n  both  f r a c t i o n s .  

I n  phosphol ipids  t h e r e  were nega t ive  c o r r e l a t i o n s  between l i n o l e i c  a c i d  and 

p a l m i t i c  and s t e a r i c  a c i d ,  r e s p e c t i v e l y ,  as w e l l  as between a r a c h i d o r i c  a c i d  

and p a l m i t i c  and o l e i c  a c i d ,  r e s p e c t i v e l y .  I n  f ree  f a t t y  a c i d s  t h e  e s s e n t i a l  

f a t t y  a c i d s  c o r r e l a t e d  n e g a t i v e l y  with monounsaturated f a t t y  a c i d s .  There w a s  

a nega t ive  c o r r e l a t i o n  between l i n o l e i c  and p a l m i t i c  a c i d  and a p o s i t i v e  cor re-  

l a t i o n  between arachidorLic and s t e a r i c  a c i d .  

R e l a t i o n s h i p  between f a t t y  a c i d s  i n  d i f f e r e n t  l i p i d  f r a c t i o n s  

S i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  summarized i n  Table 3. Posi . t ive 

c o r r e l a t i o n s  were found between many of  t h e  same f a t t y  a c i d s  i n  c h o l e s t e r o l  

e s t e - s  and i n  t r i g l y c e r i d e s .  

A p o s i t i v e  c o r r e l a t i o n  w a s  p r e s e n t  both between l i n o l e i c  a c i d  ( r  = 0.39, 

~ ~ 0 . 0 1 )  and between arachidonic  a c i d  i n  c h o l e s t e r o l  e s t e r s  and i n  phosphol ipids .  

No r e l a t i o n s h i p  w a s  found between t h e  e s s e n t i a l  fa t t ,y  a.cids i n  f r e e  f a t t y  

a c i d s  and i n  t h e  o t h e r  l i p i d s .  

R e l a t i o n s h i p  between c o n c e n t r a t i o n  o f  serum t r i g l y c e r i d e s  a n d c h o l e s t e r o l  and 

t h e  r e l a t i v e  conten ts  o f  d i f f e r e n t  f a t t y  a c i d s  

C o r r e l a t i o n s  were determined between t r i g l y c e r i d e s  and c h o l e s t e r o l  i n  t o t a l  

serum and i n  very low, low and high d e n s i t y  l i p o p r o t e i n s ,  on t h e  one hand, and 

the r e l a t i v e  f a t t y  a c i d  c o n t e n t  i n  each l i p i d  f rac t , ion ,  on t h e  o t h e r .  The 

r e l a t i o n s h i p s  between f a t t y  a c i d s  and t h e  l i p i d  c o n c e n t r a t i o n s  i n  l i p o p r o t e i n s  
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Table 2. 

Correlation coefficients between fatt,y acids within each lipid fraction in 55 
newborn infants. Abbreviations of fatty acids as in Table 1. 

Cholesterol esters 

16:1 ~ 18:l 18:2 __ 
14:0 0.63xxx) 
1G:l 
18:o 
18:l 
18:2 

Triglycerides 

18:o 
~ .~ 16:i 

xxx) 
O. lk3xxx) 14: 0 0. 53xxx) - 

16:1 -0.59 
18:l 
18: 2 

14:O 
16 : 0 
18:o 
18:i 

Phospholipids 

18:l 18: 2 
~ ~ 

Free fatty acids 

16:i lS:0 
~ ~ 

xxx 1 14: 0 0. slxXx) -0.57 
xxx) 16:o 

16:l -0.74 
18: 0 
18:l 

0. 46xxx) 
-0. 65xxx) 
-0. 4gxxx) 

18:2 2O:b 

xxx ) 
-O. 5;lxxx ) xxx) 
-0.51 -O -46xxx) 

-O * 48xxx) -0.52 

were never higher than those between fatty acids and lipids in total serum. 

There was a positive correlation between total triglycerides, on the one 

hand, and linoleic acid in triglycerides (r = 0.46, p<0.001) and the essential 
fatty acids in cholesterol esters (18:2, r = 0.39, p<O.Ol and 20:4, r = 0.45, 

p<0.001), on the other. 

Only weak correlations existed between total cholesterol and linoleic acid 

in triglycerides (r = 0.36, pC0.01) and arachidonic acid in phospholipids 
(r = 0.36, p < 0 . 0 1 ) ,  respectively. 

D I S C U S S I O N  

Linoleic and arachidonic acid are of particular interest in cord blood as 

these fatty acids are so called essential, which in adults means that an 

exogenous supply is necessary. They were present in all cirzdating lipids at 
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Table 3. 
C o r r e l a t i o n  c o e f f i c i e n t s  between f a t t y  a c i d s  i n  d i f f e r e n t  serum l i p i d s  i n  55 
newborn i n f a n t s .  Abbrevia t ions  of  f a t t y  a c i d s  as i n  Table 1. 

T r i g l y c e r i d e s  

18: 0 
1 6 : i  

1 8 : i  
18:2 
20:b 

Phosphol ipids  

16 :1  
1 8 : o  
1 8 :  i 
2 0 : h  

Free f a t t y  a c i d s  

16:i 
18:o 

Phosphol ipids  

18: 1 

C h o l e s t e r o l  e s t e r s  

1 6 : i  18:o i 8 : l  i 8 : 2  i 8 :  3 2 0 : b  

0. 56xxx) xxx ) 
-o.70xxx) 0.45 

2 0 : b  

xxx ) -0.47 

xxx) p<0.001 

b i r t h ,  even i n  s u b s t a n t i a l  amounts i n  t h e  f r e e  f a t t y  a c i d  and t r i g l y c e r i d e  

f r a c t i o n s .  S i m i l a r  r e l a t i v e  amounts o f  t h e s e  a c i d s  have been r e p o r t e d  previous-  

l y  ( l 2 ,  28, 29,  32, 36, 39, 40, 4 1 ) .  However, t h e r e  were comparat ively few 

s u b j e c t s  i n  each o f  t h o s e  s t u d i e s ,  and only  few i n v e s t i g a t i o n s  concerned a l l  

l i p i d  f r a c t i o n s  (29). 

Our r e s u l t s  were o b t a i n e d  from a w e l l  d e f i n e d  m a t e r i a l  of normal newborn 

i n f a n t s  w i t h  a f u l l y  ana lysed  and normal l i p o p r o t e i n  spectrum r e p r e s e n t a t i v e  

of  our  prev ious ly  l a r g e r  sample ( 1 7 ) .  A s  t h e  v a l u e s  f o r  t h e  d i f f e r e n t  f a t t y  

a c i d s  i n  t h e  c i r c u l a t i n g  l i p i d s  were similar f o r  t h e  two s e x e s ,  t h e y  were 

pooled and p l o t t e d  i n  cumulat ive frequency c u r v e s .  The va lues  f o r  t h e  e s s e n t i a l  

f a t t y  a c i d s  a r e  probably t h e  most i n t e r e s t i n g  and y i e l d  b a s i c  in format ion  f o r  

f u t u r e  s t u d i e s  on pre te rm,  s m a l l  f o r  g e s t a t i o n a l  age or otherwise  abnormal in-  

f a n t s  and c h i l d r e n  i n  whom n u t r i t i o n a l  d i s o r d e r s  may be p r e s e n t .  

The e s s e n t i a l  f a t t y  a c i d s  recovered i n  t h e  f o e t a l  c i r c u l a t i o n  may e i t h e r  be  

t r a n s f e r r e d  d i r e c t l y  from t h e  materna l  c i r c u l a t i o n  or r e s u l t  from exchange 

mechanisms f o r  f a t t y  a c i d s  a c r o s s  t h e  p l a c e n t a .  A d i r e c t  t r a n s p o r t  i s  probable  

f o r  f r e e  f a t t y  a c i d s  ( 7 ,  8 ,  36) and has  been shown f o r  f a t t y  a c i d s  wi th  up t o  

16 carbon atoms and f o r  l i n o l e i c  a c i d  ( 9 ) .  P l a c e n t a l  t r a n s f e r  of  a rachidonic  

a c i d  - w i t h  a low t r a n s f e r  r a t e  compared t o  s h o r t e r  chained f a t t y  a c i d s  - has  
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so far  only been r e p o r t e d  in o t h e r  s p e c i e s  (10). Free a rachidonic  a c i d  i s ,  

however, p r e s e n t  i n  high amounts i n  human p l a c e n t a  (32), sugges t ing  t h a t  it 

might be t r a n s f e r r e d  as such t o  t h e  f o e t u s .  S e v e r a l  r e s u l t s  i n d i c a t e  t h a t  

c h o l e s t e r o l  e s t e r s ,  t r i g l y c e r i d e s  and phosphol ipids  do not  p a s s  t h e  human 

p l a c e n t a  (3 ,  1 5 ,  3 1 ) .  Thus t h e  f o e t a l  e s s e n t i a l  f a t t y  a c i d s  i n  t h e s e  l i p i d  

f r a c t i o n s  may be d e r i v e d  from h y d r o l y s i s  of materna l  l i p i d s  wi th  r e e s t e r i f i c a -  

t i o n  of  t h e s e  a c i d s  i n  t h e  p l a c e n t a l  t i s s u e  ( 3 0 ,  31, 32) o r  i n  t h e  f o e t a l  

organism, as f u r t h e r  d i s c u s s e d  below f o r  t h e  d i f f e r e n t  l i p i d  f r a c t i o n s .  

I n  a d u l t  men f r e e  f a t t y  a c i d s  a r e  p r e c u r s o r s  i n  t h e  l i v e r  s y n t h e s i s  of t r i-  

g l y c e r i d e s ,  and c o r r e l a t i o n s  e x i s t  between t h e  r e l a t i v e  amounts o f  e s s e n t i a l  

f a t t y  a c i d s  i n  t h e s e  two l i p i d  f r a c t i o n s  ( 2 4 ) .  A t  b i r t h ,  however, no such 

r e l a t i o n  w a s  found f o r  any o f  t h e s e  a c i d s ,  i n d i c a t i n g  o t h e r  metabol ic  condi- 

t i o n s  i n  newborns. I n  t h e  f o e t u s  t h e  c o n t r i b u t i o n  o f  f r e e  f a t t y  a c i d s  t o  t h e  

s y n t h e s i s  o f  very  low d e n s i t y  l i p o p r o t e i n  t r i g l y c e r i d e s  may be much l e s s  t h a n  

i n  a d u l t  man, where i n  t h e  f a s t i n g  s t a t e  a t  l e a s t  f r e e  f a t t y  a c i d s  p l a y  a major 

r o l e .  The f o e t a l  e s s e n t i a l  f a t t y  a c i d s  i n  f r e e  f a t t y  a c i d s  and t r i g l y c e r i d e s  

may be d e r i v e d  not  on ly  from materna l  f r e e  f a t t y  a c i d s  b u t  a l s o  from materna l  

t r i g l y c e r i d e s .  L ipopro te in  l i p a s e  i n  human p l a c e n t a  (25) may s p l i t  materna l  

t r i g l y c e r i d e s  i n t o  f a t t y  a c i d s .  These may t h e n  e n t e r  t h e  p l a c e n t a l  c e l l s  t o  be 

u t i l i z e d  f o r  r e s y n t h e s i s  and s t o r a g e  of  t r i g l y c e r i d e s .  From t h e s e  t r i g l y c e r i d e s  

f a t t y  a c i d s  may a g a i n  be l i b e r a t e d  by f o e t a l  l i p o p r o t e i n  l i p a s e  t o  p e n e t r a t e  

t o  t h e  f o e t a l  organism f o r  f u r t h e r  metabolism. A l t e r n a t i v e l y  t h e  t r i g l y c e r i d e s  

may be s e c r e t e d  as very  low d e n s i t y  l i p o p r o t e i n  molecules  d i r e c t l y  from t h e  

p l a c e n t a  t o  t h e  f o e t a l  c i r c u l a t i o n .  The r a t h e r  high P/S r a t i o  i n  f r e e  f a t t y  

a c i d s  and t r i g l y c e r i d e s  a t  b i r t h ,  which w a s  almost e q u a l  t o  t h a t  l a t e r  i n  l i f e ,  

sugges ts  t h a t  t h e  e s s e n t i a l  f a t t y  a c i d s  a r e  r a p i d l y  d i s t r i b u t e d  i n t o  t h e s e  

l i p i d s .  

There were g r e a t  d i f f e r e n c e s  i n  t h e  f a t t y  a c i d  s p e c t r a  of  t r i g l y c e r i d e s  and 

c h o l e s t e r o l  es ters  i n  newborns, b u t  many d i r e c t  c o r r e l a t i o n s  w e r e  found between 

i n d i v i d u a l  f a t t y  a c i d s ,  i n c l u d i n g  t h e  e s s e n t i a l  ones ,  i n  t h e s e  two l i p i d s .  The 

r e l a t i o n s h i p s  i n d i c a t e  c l o s e  metabol ic  connect ions between c h o l e s t e r o l  e s t e r s  

and t r i g l y c e r i d e s ,  i n c l u d i n g  t h e i r  i n c o r p o r a t i o n  i n t o  l i p o p r o t e i n s  e i t h e r  i n  

t h e  f o e t a l  l i v e r  o r  i n t e s t i n e  or i n  t h e  p l a c e n t a .  

C h o l e s t e r o l  e s t e r s  and phosphol ip ids  form a major p a r t  o f  t h e  high d e n s i t y  

l i p o p r o t e i n s  (ll), which have been suggested t o  mediate  exchange o f  l i p i d s  over  

membranes ( 1 3 ) .  Some o f  t h e  r e l a t i o n s  between t h e  u n s a t u r a t e d  f a t t y  a c i d s ,  

which were p o s i t i v e l y  c o r r e l a t e d  between l i n o l e i c  and a r a c h i d o n i c  a c i d  i n  

phosphol ip ids  and c h o l e s t e r o l  e s t e r s  b u t  not i n  phosphol ip ids  and t r i g l y c e r i d -  

e s  o r  phosphol ip ids  and f r e e  f a t t y  a c i d s ,  may r e f l e c t  such mechanisms. This  i s  

p o s s i b l y  mediated by t h e  LCAT enzyme which cenver t s  mainly u n s a t u r a t e d  f a t t y  

a c i d s  from phosphol ip ids  t o  c h o l e s t e r o l  e s t e r s  (13) and is p r e s e n t  i n  t h e  
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foetal circulation (23). Placental phospholipase (30) probably also plays a 

role in the metabolism and exchange of fatty acids between phospholipids and 

cholesterol esters. 

Newborns had a low linoleic acid content in cholesterol esters and phospho- 

lipids, aljout one third of the value in adults, but they had a higher content 

of arachidonic acid. Unless the high arachidonic acid content is the result of 

pure exchange over the membranes in the placenta, the findings suggest that 

the cewborn infant has enzymes involved in desaturation and chain elongation 

of fatty acids. In this process linoleic acid is utilized for synthesis of 

longer chained and more polyunsaturated fatty acids (reviewed in 1). This was 

most obvious in the phospholipids, which were relatively rich in a.cids with 

20 carbon atoms or more. The site and mode of action of these enzymes is un- 

known. No attempt was made to determine the relative amount of 2 0 : 3 w 9  in 

phospholipids. This acid is used to indicate an essential fatty acid deficiency 

(19), and for this purpose isolation of lecithin would have been necessary. 
The correlation between different fatty acids within each lipid fraction may 

indicate the means by which these fatty acids are interconverted by desaturases 

and chain elongation enzymes. In all lipid fractions there was a negative 

correlation between poly- and monounsaturated fatty acids, findings similar to 

those obtained in adults (38). 
There were only weak or no correlations between individual fatty acids and 

cholesterol concentration in total serum or in the lipoprotein fractions. This 

suggests that the essential fatty acids do not determine the serum cholesterol 

levels, at least not in healthy newborns with normal lipids. A direct or in- 

direct relationship may exist between linoleic acid and the triglyceride con- 

centrations, as there were significant positive correlations between linoleic 

acid in some lipid fractions and the triglyceride concentration in total serum, 

as well as in very low and high density lipoproteins. 

Our qualitative analyses of the lipid fractions thus showed a low content of 

polyunsaturated fatty acids, at least in cholesterol esters, as compared with 

adults. The variation in the individual compositions were small, and in no case 

was there an extremely low content of the total polyunsaturated fatty acids. 

Nothing can so far be said about the influence of the comparatively low, but 

physiological content of the essential fatty acids at birth on the metabolism 

of arteries and the development of atherosclerotic vascular disease. There are 

several reasons, however, to give an early, adequate dietary supplement of 

essential fatty acids after birth, as these substamces are important in many 

intermediate metabolic events and for growth (1, 37). 
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