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Extract

The fatty acid patterns of the total phospholipids (PL) and the individual PL, namely
phosphatidyl choline (PC), phosphatidyl ethanolamine (PE), phosphatidyl serine
(PS), and sphingomyelin (SP), in erythrocytes from five adults, five healthy newborn
infants, and four neonates with Rh erythroblastosis were analyzed by gas-liquid chro-
matography (GLC) after the PL had been separated by thin layer chromatography
(TLC). The content of linoleic acid in the total PL in erythrocytes of newborn infants
was significantly smaller than in erythrocytes of adults (3.8% versus 11.9% of total
fatty acid content). Furthermore, the contents of 20:1 n_9, 20:5n.3, and 22:5n.3 were
also smaller. The concentrations of the saturated fatty acids 16:0 and 20:0 and of the
unsaturated fatty acids 2O:3n_9, 22:3^9, 20:3n.6; 20:4n.6, 22:5n_6, and 22:6n.3 were
significantly larger. Within the oleate, linoleate, and linolenate family, there was a shift
toward more highly unsaturated fatty acids. Corresponding changes were found in the
fatty acid patterns of the individual PL. The fatty acid pattern in erythrocytes from
newborn infants resembled that induced by a deficiency of essential fatty acids. The
fatty acid pattern of the total PL in erythrocytes from neonates with Rh erythroblasto-
sis corresponded to that of normal newborn infants, whereas there were only slight
differences in the fatty acid compositions of the individual PL. Thus, a change in the
lipid and fatty acid compositions cannot account for the hemolysis caused by anti-
bodies.

Speculation

The pattern of fatty acids of PL in erythrocytes from newborn infants differs from that
of adults. The difference is obviously the result of a deficiency of essential fatty acids in
the fetus. This lack could be induced by a permeability barrier in the placenta or by
insufficient binding of lipids onto the plasma proteins of the fetus. Insufficient uptake
of fatty acids by the fetus is recognizable by a decreased content of essential fatty acids,
since the other fatty acids can be synthesized de novo by the fetus.

Introduction 30]. Deviations in the composition of membrane PL
Erythrocytes of newborn infants and adults differ in may reflect the lowered content and altered distribu-
their PL composition and fatty acid patterns [6, 12, 23, tion of lipids and lipoproteins in fetal plasma [6, 50,
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51]. The results obtained from lipid analysis of plasma
and erythrocytes in patients with abetalipoproteinemia
(acanthocytosis) also suggest an interdependence be-
tween plasma and membrane lipids [31, 45]. The fatty
acid content of neutral and phospholipids in the
plasma and the erythrocyte membrane reflects the
characteristics of fetal fatty acid metabolism: viz., the
possibility of de novo synthesis of saturated fatty acids
and fatty acids of the oleic acid family, and the neces-
sity to obtain essential fatty acids through the placenta
[34]. Unsaturated fatty acids can then be transformed
by chain elongation and desaturation by fetal metabo-
lism as is demonstrated by increased concentrations of
rare unsaturated fatty acids (e.g., 20:3n_9) and long
chain polyunsaturated fatty acids. (Fatty acids are des-
ignated by number of carbon atoms:number of dou-
ble bonds. The position of the double bonds is stated
as n-x where x indicates the carbon number of the first
unsaturated bond counting from the methyl end of the
chain.)

Are the deviating PL and fatty acid compositions of
erythrocytes of newborn infants of significance in ac-
counting for the known differences of these cells: e.g.,
shortened life span, great sensitivity toward oxidative
drugs, changed permeability for cations and nonelectro-
lytes, and decreased mechanical resistance? The lesser
permeability to glycerol of the erythrocytes of newborn
infants, described by Moore [28], can be explained by
the greater amount of saturated fatty acids which sta-
bilize the membrane, and by the relation between
membrane stabilization and decreased permeability
[15].

In the present investigation we analyzed the largest
possible number of fatty acids of total PL, after TLC
isolation from neutral and glycosphingolipids, and of
individual PL, after TLC fractionation. The fatty acid
patterns were compared with those of erythrocytes from
adults and from neonates with Rh erythroblastosis. We
discuss the regulation of fetal fatty acid metabolism in
reference to the alterations in essential fatty acid defi-
ciency. Regulation of the desaturation system in the
fetus [3, 21] explains, for example, the increased
amount of arachidonic acid normally found. Thus the
question raised by Robertson and Sprecher [34] as to
whether this fatty acid is taken up preferably through
the placenta by the fetus, is not germane.

Materials and Methods

Venous blood (10 ml) was obtained from each of five
adults who were 22-35 years old and apparently

healthy. Aliquots of cord blood were obtained from
five normal newborn infants and from four neonates
with Rh erythroblastosis who had a 3 to 4 times posi-
tive Coombs' test. Anamnesis of the adults and moth-
ers revealed that no subject was on a special diet or
had a metabolic disease. The blood was anticoagulated
with heparin [52] and stored at 4° no longer than 3 hr
before processing. Erythrocytes were isolated by cen-
trifugation (1000 X g, 5 min) and were then washed 3
times with an equal volume of isotonic NaCl solution;
the buffy coat and the top 15% of the erythrocyte mass
were discarded [23]. In the final suspension there were
4.2 X 108 to 9.7 X 108 erythrocytes/mm3, 0-50 leuko-
cytes/mm3, and 0.6-1.5% reticulocytes.

Extraction of Lipids

Extraction was carried out by a modified procedure
of Ways and Hanahan [4, 44]. Three milliliters of
packed erythrocytes were added to 15 ml cold metha-
nol [53] and homogenized by an Ultra-Turrax [54] at
5-min intervals. The homogenate was kept in an ice
bath under nitrogen. After 30 min, 15 ml chloroform
were added and the mixture was allowed to stand for
15 min. The solutions were then filtered, using a rapid
filter previously washed with methanol. The residue
was rinsed with 15 ml chloroform and 15 ml methanol.
The filtrate was evaporated to near dryness in vacuo at
37° and the residue was solubilized successively with 30
ml chloroform, 15 ml methanol, and 9 ml 0.1 M KC1
solution. The solutions were pooled in a separatory
funnel. The mixture was shaken and left to stand for 4
hr at 4° for phase separation. After being warmed to
room temperature, the lower phase was collected in a
500-ml flask and the upper phase was reextracted with
10 ml chloroform. The pooled lower phases were evap-
orated to dryness in vacuo at 37° in a rotary vacuum
evaporator. The lipid residue was dissolved in 2 ml
chloroform. To avoid autoxidation, 50 mg 4-methyl-
2,6-di-tert-butylphenol (BHT) [55] were added to 100
ml chloroform or methanol, which were used for ex-
traction as well as for TLC.

Separation of Phospholipids and Fatty Acid Methyl Es-
ters

PL in the lipid extract were separated from glycolip-
ids and neutral lipids by preparative TLC according
to a modified method of Skipski et al. [37] using silica
gel HR-magnesium silicate 4:1 (w/w), 0.5 mm thick,
and a chloroform-pyridine-water 50:75:5 (v/v) solvent
system. Plates were activated overnight at 150° and
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were used immediately after they had cooled to room
temperature. The total lipid extract of the sample (10
ml blood) was delivered by pipette onto TLC plates as
a 16-cm long band. During separation, PL remained
near the origin and appeared as two fractions. Glycolip-
ids fractionated into globoside I [49], triglycosyl and
diglycosyl ceramide, while cholesterol and free fatty
acids moved near the front. After development, the
plates were dried in a vacuum oven at 35° for 20 min
to remove the solvents.

The PL fractions were made visible by spraying
with molybdenum reagent [8] on two narrow guide
stripes. For determination of total fatty acid composi-
tion, one-third of the length of the PL bands was
transferred into glass tubes with screw caps. The re-
maining two-thirds was scraped directly onto a sin-
tered filter [56] and the PL were then extracted succes-
sively with 50 ml each of chloroform-methanol 1:1
(v/v), methanol-chloroform 6:1 (v/v), methanol-water
8:1 (v/v) and ethanol-methanol-water 5:2:2 (v/v) [7,
14]. The extract was evaporated to dryness in a rotary
vacuum evaporator, and the PL were dissolved in 2 ml
chloroform. PL were then separated into the PL classes
PC, PE, PS, and SP by TLC on silica gel HR, 0.5 mm
thick, with a chloroform-methanol-acetic acid-water
60:30:8:4 (v/v) solvent system [36]. Plates were acti-
vated at 120° for 2 hr. The bands were made visible by
spraying with molybdenum reagent on two narrow
guide stripes and then they were scraped into glass
tubes with screw caps.

Recovery of eluted PL was demonstrated by the
method of Bartlett [2], modified according to Brock-
mann and Gercken [4]; 91.3% of the total PL were
recovered after TLC for isolation of total PL, and
93.8% after TLC for separation of individual PL. For
transesterification, 2 ml methanolic boron trifluoride
(14% by weight) [26, 46] were added. The tubes were
flushed with nitrogen, closed, and heated in boiling
water: 90 min for total PL and SP, 30 min for PC, and
10 min for PE and PS [29]. The methyl esters and
dimethyl acetals were extracted twice into hexane by
addition of 8 ml hexane followed by 2 ml 5 N NaOH
and 2 ml water at 0°.

Methyl esters were separated from dimethyl acetals
and other products of methylation by TLC on silica
gel HR, 0.5 mm thick, with benzene as the solvent
[29]. After development and marginal detection by io-
dine vapor, the unstained fatty acid methyl esters
(FAME) were scraped off and extracted from the silica
gel successively by 40 ml hexane, 50 ml diethyl ether,
and 10 ml hexane. The combined eluates were concen-

trated to about 200 ^liters and used for analysis by
GLC.

The FAME of total PL were further fractionated
according to their degree of unsaturation by TLC on
silica gel G-silver nitrate 5:1 (w/w), 0.5 mm thick, with
a hexane-diethyl ether 20:80 (v/v) solvent system [14].
This additional fractionation aided the identification
and quantification of FAME which appeared in over-
lapping peaks on GLC. The fractions were made visi-
ble in ultraviolet light by spraying with rhodamine B
[16, 40].

Gas-Liquid Chromatography

The gas-liquid chromatograph [57] was equipped
with paired 6-ft columns of EGSS-X 10% on Gas-
Chrom P, 100-120 mesh [58], and dual flame ioniza-
tion detectors (FID). The helium flow rate was 43 ml/
min. The column temperature was maintained at
170-180°, that of the flash heater at 250°, and that of
FID at 245°. Peaks were identified by the carbon num-
bers (ECL) [27, 48] and by calculation of separation
factors [1, 18, 24], Types I and IV according to Haken
[19]. Methyl esters of the following fatty acids were
used as reference standards: 8:0-22:0 and 24:0;
16:ln_7, 18:l-24:ln_9 (even carbon); 18:2n_6, 18:3n_3,
20:4n_e, 20:5n_3, and 22:6n_3 [59]. Identification of
FAME was confirmed by GLC of total PL FAME on a
second polar column DEGS, 6%, and on an apolar
column SE 30, both on Diaport S, 80-100 mesh [60].

Peak areas were calculated by multiplication of the
absolute retention volumes by the peak height; values
are given as area percentages. The values were not
converted into weight percentage, because the detector
response factors showed no regularity corresponding to
chain length, number and position of double bonds.
Deviations of peak area percentage from weight per-
centage for FAME standards were ±5% when 20:0
was taken as 100% for chain lengths of 18-22 carbon
atoms and —11% for palmitic acid. Myristic acid was
not quantified because BHT emerged with a retention
volume similar to that of myristic acid methyl ester.
The peak area of palmitoleic acid methyl ester was
enlarged by a methylation product of BHT.

Results

Fatty Acid Composition of Total Phospholipids of
Erythrocytes (Table I)

The pattern of fatty acids in erythrocytes of new-
born infants differed significantly from that in erythro-
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Table I. Fatty acid composition of total phospholipids in
erythrocytes1

Fatty acid

15:0
14:2n_6
16:0
1 6 : l n - 7

17:0
16:2n.9

3l
16:2n .6j
18:0
18:ln_9

19:0
18:2n.6

20:0
18:3n-33)
20:ln-9 J
20:2n.9
20:2n_6
20:3n_9

20:3n.6l
22:0 )1
20:4n-6

22 : l n - 9

20:4n.33l
23:0 f

j

22:2n-9
20:5n.3"l
22:2n-6

3J
22:3n .9

24:0
22:4n.9

24:ln-9 J
22:5n.6

22:5n-3

22:6n.3l
26:03 |
24:4n-6
26:ln-9

1

0.26
0.06
17.4
0.72
0.33

0.20

13.4
13.1
0.15
11.9
0.26

0.56

0.17
0.26

\dults

±
±
±
±
±
±

±
±
±
zfc
d=

±

±
±

0.07
0.06
1.5
0.37
0.10

0.28

0.9
0.3
0.04
1.3
0.08

0.10

0.03
0.09

Trace

2.7

15.5
0.18

1.7

0.16

0.94

0.10
2.9

6.5

0.37
3.4

6.8

0.19
0.09

±

zb
dz

±

zb

±
±
zb

dz

zb

±

zb

±
dz

0.2

2.6
0.09

1.0

0.13

0.18

0.04
0.7

0.6

0.02
0.8

1.0

0.36
0.11

Newborn infants

0.09 ± 0.02
Trace

20.8
1.1

0.37

0.07

14.4
11.2

±
±
zfc

zb

±
dz

1.9s

0.1
0.14

0.04

1.3
2.0

Trace
3.8

0.45

0.29

0.17
0.16
0.85

3.6

19.2
0.21

0.69

zb

dz

dz

±
zb
zb

zb

±
±

dz

0.44

0.152

0.064

0.09
0.04
0.504

O.34

2.12

0.03

0.18

Trace

0.29

0.51
3.1

6 . 4

1.5
1.1

9.4

0.24

dz

zb
zb

zb

±
±
±

dz

0.104

0.17*
1.3

0.8

0.44

O.34

1.8s

0.10
Trace

Neonates with
Rh erythroblastosis

0.09 dz 0.02
Trace

20.2
1.1

0.35

dz

dz

±

3.6
0.2
0.09

Trace

13.8
11.5

±
dz

2.9
1.2

Trace
4.8

0.26

0.28

0.15
0.22
0.51

2.9

19.0
0.10

0.50

0.35

0.46
2.2

0.07

7.7

1.8
1.5

9.4

0.26
0.26

dz

dz

±

zb

dz

zfc

zb

zfc
dz

dz

dz

dz

zfc
dz

dz

zfc
dz

zfc

zfc
zb

2.0
0.21

0.05

0.05
0.04
0.10

0.2

4.8
0.18

0.42

0.27

0.13
2.3
0.08

1.5

1.2
0.8

3.1

0.06
0.31

1 Values, in percentage of peak areas, are given as means ± SD.
Statistical comparison is between neonates and adults by t test.
2 P < 0.05.
3 Approximately 5% of this peak area.
4 P < 0.01.
6 Approximately 40% of this peak area.

cytes of adults. The content of linoleic acid was much
lower in erythrocytes of newborn infants; in addition,
the contents of 20:1 from the oleic acid family and of
20:5 and 22:5 from the linolenic acid family were also
lower. Contents of the saturated fatty acids 16:0 and
20:0 and of the unsaturated fatty acids 20:3n_9,
22:3n_9, 20:3n_6, 20:4n.8, 22:5n_6, and 22:6n_3 were
greater in erythrocytes of newborn infants. The con-
tents of fatty acids with two and five double bonds were

significantly smaller and those with three, four, and six
double bonds were significantly greater. The fatty acid
patterns in erythrocytes from newborn infants with Rh
erythroblastosis and from normal newborn infants were
similar.

Fatty Acid Composition of Individual Phospholipids
of Erythrocytes

Tables II and III show the patterns of fatty acids in
the four major PL (PC, PE, PS, and SP) of erythrocytes
from adults and newborn infants. Most of the differ-
ences between newborn and adult erythrocytes were in
the fatty acid composition of PE. The proportion of
16: ln_7 was greater in erythrocytes of newborn infants
than in those of adults. The content of 18:2n_6 was
significantly smaller, while the amounts of unsaturated
fatty acids of the oleic acid family, 20:3 and 22:3, were
compensatorily greater. The amount of 22:5n_e was
significantly greater and that of 22:5n_3 was signifi-
cantly smaller. The increase of 20:4n_6 in the fatty
acid composition of total PL was due to its increased
content in PC. The content of 18:0 was markedly
greater in PS and SP. No differences were found in the
fatty acid composition of total PL in erythrocytes from
newborn infants and neonates with Rh erythroblas-
tosis, and there were only a few significant alterations
in the fatty acid composition of the individual PL.

Discussion

The fatty acid pattern of the total PL of erythrocytes
from adults which we found was in good agreement
with the findings of Dodge and Phillips [9]; they deter-
mined a similarly differentiated fatty acid pattern.
This contrasts with the fewer fatty acids reported by
other investigators [5, 10-12, 20, 25, 30, 39, 44, 47].
Furthermore, there was good agreement in the fatty
acid patterns of PE and PC, but great differences in
that of PS: we found higher values for 16:0, 18:ln_9,
22:2n_9, 22:2n_6 + 20:5n_3, and 22:3n_9, lower values
for 18:0 and 22:4n.6 + 24:ln_9. These differences were
probably due to incomplete elution of PS from the
silica gel by Dodge and Phillips [9]; this might change
the composition of the molecular species. For example,
we recovered only 50% of the PS in the extract by elut-
ing with chloroform and methanol, but 89% by the
described elution with solvents of increasing polarity.
In the fatty acid pattern of SP, we found smaller con-
tents of 24:0 and 24: ln_9 than did Dodge and Phillips
[9]; their SP fraction may contain glycolipids, in which
these fatty acids are very common. In the TLC separa-
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Table II. Fatty acid composition of the four major phospholipids in erythrocytes from five normal adults1

Fatty acid

15:0
14:2n-6
16:0
16:ln_7
17:0
16:2».9l
16:2n.6/
18:0
18:ln-9
19:0
18:2n.6

20:0
18:3n.3l
20:ln.9J
20:2n.9
20:2n-6
20:3n-9
20:3n.6l
22:0 /
20:4n.6

22:ln.9
20:4n_3l
23:0 f
22:2n-9
20:5n_3l
22:2n.oj
22:3,,-9

24:0
22:4n_9

22:4n.6\
24:ln.9J
22:5,,.6

22:5n.3

22:6,,_31
26:0 /
24:4n_6

26:ln .9

0.13
0.08
12.2
0.84
0.28

0.32

10.0
15.7
0.16

6.4
0.08

0.78

0.18
0.23
0.05

1.2

25.6
0.24

1.7

0.19

1.7

0.13

PE*

± 0.04
± 0.13
=t 2.8
zb 0.68
dz 0.11

dz 0.38

dz 4.3
± 2.7
dz 0.09
d= 1.2
dz 0.03

zb 0.13

zb 0.05
zfc 0.09
± 0.03

dz 0.5

zb 8.1
zb 0.12

dz 0.9

± 0.09

db 0.3

=b 0.13
Trace

0.05

5.4

0.71
5.7

9.9

0.12
0.08

± 0.06

zb 1.6

± 0.36
dz 1.8

± 1.9

dz 0.02
zb 0.12

PS'

0.11 dz 0.06
0.07 zfc 0.09
8.4 zfc 5.1
1.7 dz 2.2

0.32 dz 0.38

0.37 dz 0.48

28.9 zb 3.8
11.6 dz 5.8
0.45 dz 0.39
3.8 dz 1.9

0.23 dz 0.21

0.58 dz 0.28

0.10 dz 0.02
0.24 zb 0.11
0.13 ± 0.09

1.4 zb 0.9

19.0 dz 6.2
0.21 =b 0.13

2.3 ± 1.7

0.32 ± 0.28

0.74 =fc 0.21

0.13 zb 0.11
Trace
Trace

2.7 dz 0.9

0.69 ± 0.37
4.0 ± 1.1

10.3 zfc 4.8

Trace
Trace

0.28
0.07
31.2

1.7
0.51

0.18

12.7
15.4
0.36
17.0
0.10

0.46

0.19
0.39
0.20

1.8

5.6
0.09

1.6

0.17

0.70

0.07
0.09
0.14

1.8

0.10
0.83

2.7

PO

zfc
zfc
zb

zfc
zfc

dz

zfc
zb

dz

dz

zb

dz

dz

zfc
zfc

zfc

dz

zfc

zfc

zb

zb

zb

db

dz

±

zfc
zb

zb

1

0.16
0.03
7.2
0.7
0.18

0.23

2.7
1.5
0.24
5.7
0.04

0.05

0.08
0.18
0.24

0.8

2.5
0.04

1.0

0.14

0.55

0.06
0.28
0.36

1.1

0.74
0.57

1.3

SP*

0.22 dz 0.23
Trace

26.4 ± 11.0
3.0 dz 1.7

0.59 =b 0.30

0.47 dz 0.41

7.1 zfc 2.9
1.6 =b 0.8

0.10 zfc 0.05
0.85 =b 0.82

1.9 zfc 0.3

0.34 zfc 0.21

0.33 zfc 0.32
0.11 ± 0.28
0.06 =b 0.10

8.8 db 1.56

1.5 =b 0.6
0.37 ± 0.34

4.6 ± 1.1

0.33 dz 0.31

0.40 zfc 0.38

0.32 ± 0.11
17.2 dz 7.0

Trace

19.3 dz 9.87

1.1 zfc 0.53
0.42 ± 0.33

0.98 ± 0.13

1.3 ± 1.7
Trace

1 Values, in percentage of peak areas, are given as means zb SD.
2 PE: phosphatidyl ethanolamine.
3 PS : phosphatidyl serine.
4 PC : phosphatidyl choline.
5 SP: sphingomyelin.
6 Appears to be largely 22:0.
7 Appears to be largely 24:ln .9 .

tion of PL on silica gel HR with chloroform-methanol-
acetic acid-water, part of the glycolipids overlaps the
SP fraction. The preseparation with hexane-diethyl
ether-acetic acid by Dodge and Phillips [9] separated
only the neutral lipids while the glycolipids remained
at the origin together with the PL.

The pattern of fatty acids in the total PL of erythro-
cytes from newborn infants has been determined so far
by Crowley et al. [6], Farquhar and Ahrens [12], and

Neerhout [30]. These authors reported that the major
components of the PL fatty acid pattern were present
in relatively greater quantities because they identified
fewer fatty acids than we did. Furthermore, they re-
ported a smaller content of long chain polyunsatu-
rated fatty acids and a greater amount of 24:0. We
could confirm the larger proportions of 16:0, 20:3,
20:4, and 22:6 and the smaller proportion of 18:2
reported by Neerhout [30].
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Table III. Fatty acid composition of the four major phospholipids in erythrocytes from five normal neonates1

Fatty acid

15:0
14:2n.6

16:0
16:ln_7
17:0
16:2n-»l
16:2n.6J
18:0
18:ln.9
19:0
18:2n.6
20:0
18:3n.3\
20:ln.9J
2O:2n-9

20:2n-6

20:3n.9

20:3n.6l
22:0 /
20:4n.6

22:ln .9

20:4n_3l
23:0 /
22:2n.9

22:2n.6J
22:3n.9

24:0
22:4n.9
22:4n.6l
24:ln.9,j
22:5n.6
22:5».3

22:6».3l
26:0 J
24.4n-6

26 : l n . 9

0.19
0.12
23.8

2.4
0.52

0.22

9.1
17.0

P E ;

±
±
±
±
±

±

±
±

I

0.18
0.06
11.9
1.06

0.29

0.18

3.7
1.4

Trace
1.8 ± 1.07

Trace

0.54

0.22
0.11

1.1

1.6

19.5
0.18

1.5

0.17

0.31

1.1
0.13
0.50

6.9

1.4
0.65

8.5

0.18

±

±
±
±

±

±
±

±

±

±
±
±
±

±

±
±
±

±

0.087

0.08
0.09
O.76

0.7

8.0
0.26

1.0

0.18

O.2O7

0.47

0.15
0.46

1.6

0 . 3 '
0.637

4.9

0.20

PS*

Trace
Trace

2.5
0.60
0.28

0.06

34.8
4.9

0.24
2.2

0.17

0.30

0.12
0.11
0.71

3.0

24.7

2.2

0.29

±
±

±

±
±
±
±

±
db

d=

±

±

±

±

±

0.46

0.25
0.03

0.05

1.46

1.5
0.23
2.2
0.03

0.06

0.06
0.06
0.277

0.56

3.3

1.3

0.18

Trace

0.34

0.23

4.3

2.3
1.8

13.6

0.07

± 0.25
Frace

±

±

±
±

±

±

0.13

l.O6

1.7
l.O6

1.9

0.05

PC<

0.18 ± 0.08
0.08 ± 0.05
31.6 ± 9.2

1.7 ± 1.3
0.70 ± 0.32

0.11 ± 0.04

10.6 ± 1.5
14.9 ± 4.5

Trace
7.5 ± 2.57

0.17 ± 0.26

0.19 ± 0.037

0.12 ± 0.05
0.34 ± 0.28
0.56 ± 0.206

4.7 ± 2.26

12.8 ± 4.9°
0.07 ± 0.03

0.97 ± 0.46

0.52 ± 0.60

0.36 ± 0.19

Trace
2.4 ± 3.5

2.6 ± 3.7

0.35 ± 0.46
0.85 ± 1.11

5.1 ± 2.6

0.25 ± 0.24
0.19 ± 0.25

SP=

0.07 ± 0.02
Trace

23.9 ± 2.0
3.3 ± 1.5

0.78 ± 0.33

Trace

10.9 ± 1.26

0.78 ± 0.53
0.11 ± 0.30
0.12 ± 0.09
3.1 ± 1.9

0.06 ± 0.036

0.07 ± 0.03
Trace
Trace

6.5 ± 0.4s

0.60 ± 0.246

0.29 ± 0.18

2.6 ± l . l 6

0.45 ± 0.42

0.19 ± 0.03
20.8 ± 1.6

21.6 ± 3.5"

0.61 ± 0.38
0.08 ± 0.16

1.3 ± 0.26

1.5 ± 0.3

Values, in percentage of peak areas, are given as means ± SD. Statistical comparison is between neonates and adults (Table II)
by t test.
2 PE: phosphatidyl ethanolamine.
3 PS : phosphatidyl serine.
4 PC: phosphatidyl choline.
5 SP: sphingomyelin.
6 P < 0.05.
7 P < 0.01.
8 Appears to be largely 22:0.
9 Appears to be largely 24:ln .9 .

Although the proportion of unsaturated fatty acids
was smaller in erythrocytes from neonates than in those
from adults, the proportion of polyunsaturated fatty
acids was greater. Within the linoleic acid family, the
content of 18:2 was considerably smaller, whereas the
contents of 20:4, of its precursor 20:3, and of 22:5 were
larger. Within the oleic acid family, the contents of

20:3 (which was present in only trace amounts in eryth-
rocytes of adults) and of 22:3 were significantly larger;
the content of 20:1 was smaller. Within the linolenic
acid family there was also a trend toward an increase in
the amount of fatty acid with the largest number of
double bonds (22:6).

In newborn infants the patterns of free fatty acids
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and of the fatty acids in neutral lipids and PL in the
plasma were similarly altered as those found in PL of
the erythrocyte membrane. The content of 18: 2n_6 in
free fatty acids, triglycerides, cholesterol esters, and PC
was smaller whereas that of 20: 4n.o was larger than in
adults [33-35, 38,50,51].

The cause of the different fatty acid pattern in
erythrocytes of newborn infants was not discussed by
Crowley et al. [6] or by Neerhout [30]. It is, however,
remarkable that there is a similarity in the changes in
fatty acid composition caused by an essential fatty acid
deficiency and by abetalipoproteinemia where a malab-
sorption of essential fatty acids is assumed [31, 45]. By
dietary experiments it was proven that the smaller con-
tent of 18: 2n_6, the greater formation of 20: 3n_9 and the
greater proportion of polyunsaturated fatty acids are
characteristic of a deficiency of essential fatty acids [13,
17, 22, 32, 41-43].

The lack of 18:2n_e in the fetus is not due to a ma-
ternal deficiency of this fatty acid [34, 50, 51]. However,
there could be insufficient placental uptake of essential
fatty acids by the fetus. The decreased amount of
18:2n_e leads to changes in the regulation of the de-
saturation mechanism [3, 21], which result in a rela-
tive increase in the unsaturated fatty acids with the
most double bonds within the different fatty acid
families (e.g., 20:3n.9, 22:5n.6 and 22:6n_3). So far it is
unknown whether the altered fatty acid composition
can replace the normal pattern in the erythrocyte mem-
brane without any functional disturbances, and
whether the known functional differences in erythro-
cytes of newborn infants can be explained by the al-
tered PL and fatty acid composition.

Summary

Fatty acid compositions were analyzed by GLC, that of
total PL after TLC separation from neutral lipids and
glycosphingolipids, that of individual PL after TLC
fractionation. The patterns of fatty acids in erythro-
cytes from adults, healthy newborn infants, and neo-
nates with Rh erythroblastosis were compared.
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