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Human Fetal Erythrocyte and Plasma Lipids *
JAMESCROWLEY,t PETERWAYS,4 ANDJOHNW. JONES

(From the Department of Medicine, University of Washington School of Medicine,
Seattle, Wash.)

The human fetal erythrocyte differs in several
important respects from its adult counterpart: it
is larger (1-3), contains predominantly hemo-
globin F (4), has a shorter life span (5), and,
of greatest biologic importance, is able to attract
and carry maximal oxygen loads at a lower oxy-
gen pressure (Po2) than the adult cell (6-8).
Surprisingly, the last of these differences is not
explained by the presence of hemoglobin F since
its affinity for 02 is the same as that of hemo-
globin A when both are in solution (7-10).

These and other differences between fetal and
adult erythrocytes suggest differences in the struc-
ture and permeability of the respective membranes.
Since virtually all of human erythrocyte lipids
are in the hemoglobin free ghost (and, therefore,
presumably the membrane) (11, 12), it seemed
important to determine whether the lipid com-
position of fetal cells differs from that of adult
erythrocytes. The lipids of adult erythrocytes
have been fractionated, quantified, and character-
ized in several recent studies (13-17) employing
more adequate extraction procedures and more
precise chromatographic and analytic techniques
than previously available.

In prior studies on fetal erythrocytes, the
amounts of cholesterol (18, 19) and phospholipid
(18-20) have been measured, but reports on
phospholipid distribution are few and have dif-
fered (19-21). To our knowledge, adequate
characterization of cord erythrocyte lipids has
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not been reported, and data on their fatty acid
composition are meager (22). This study was
designed to acquire a more complete knowledge
of fetal erythrocyte lipids and to compare them
with their adult counterparts. Because the eryth-
rocyte phospholipid distribution and fatty acid
composition exhibited differences from those in
adult erythrocytes, fetal plasma phospholipids
were also investigated and found to differ from
adult plasma in a qualitatively similar fashion.
Portions of this work have been reported in ab-
stract form (23).

Methods

Subjects. All cord blood was obtained at the end of
term pregnancies. Delivery was uncomplicated and by the
vaginal route. The infants appeared normal at birth and
weighed between 3,200 and 4,200 g.

Blood sampling and extraction. Blood was drawn from
the umbilical vein immediately after delivery of the
placenta (5 to 15 minutes after delivery of the infant),
using EDTA (1 mg per ml of blood) as an anticoagulant.
After centrifugation of the blood at 40 C, the buffy coat
and plasma were removed and the cells washed three times
with 0.9% NaCl (pH adjusted to 7.4 by addition of so-
dium bicarbonate). After resuspension of the cells in
0.9% NaCl to a hematocrit of 31 to 58%, the suspension
was mixed well, and samples were removed for hemato-
crit, electronic erythrocyte counting, and lipid extraction.

Erythrocyte lipids were extracted by procedure III of
Ways and Hanahan (17). Plasma lipids were extracted
as follows: N ml of plasma was added dropwise to 10 N
ml of methanol with stirring. After the mixture had stood
10 minutes at room temperature, 20 N ml of chloroform
was added, with mixing. After 20 minutes, the solution
was filtered through Whatman 1 filter paper and the
residue re-extracted three times with 5 N ml of chloro-
form: methanol, 2: 1, and filtered. 10 N ml of 0.1 M
KCL was added to the combined filtrates. The material
was then shaken and cooled to 40 C. Upon rewarming
to room temperature, two phases separated cleanly, and
the lower portion was collected, dried under vacuum at
27 to 370, and taken to volume in benzene.

All extractions and analyses were done in duplicate.
Twelve individual and three pooled samples (containing
blood from five to seven individual cord samples) of fetal
erythrocytes were analyzed. Eleven individual and two
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pooled samples (containing five and six individual sam-
ples) of fetal plasma were examined.

Chromatography of lipids. The techniques of silicic
acid column and paper chromatography, thin-layer chro-
matography, and gas-liquid chromatography have been
described (17). Preparation of the silicic acid impreg-
nated paper was modified as follows from the method
previously described. After four rinses in water, the pa-
pers were rinsed an additional time in 4%o disodium
EDTA. When dry, the paper was stored under room
conditions until needed and then heated 1 to 11 hours at
1000 immediately before chromatography.' The chro-
matograms were developed in an ascending system utiliz-
ing diisobutylketone, N-butyl ether, acetic acid, and water
-20/20/20/2.5 to 3 (vol/vol) as solvents (14). While
this system consistently separated ethanolamine glycero-
phosphatides, serine glycerophosphatides, choline glycero-
phosphatides (lecithin), sphingomyelin, and lysolecithin,
the inositol glycerophosphatides usually ran at the lower
margin of the sphingomyelin spot.2 When such chro-
matograms were eluted for quantitative determination of
the phospholipids (14), inositol glycerophosphatides and
sphingomyelin were eluted together.

To establish definitively the relative percentage of
sphingomyelin, two procedures were employed. First,
two pools of fetal erythrocyte lipid were chromatographed
on silicic acid columns (17). This separated inositol glyc-
erophosphatides completely from sphingomyelin. Sub-
sequently these separated fractions were chromatographed
on silicic acid paper, and the percentage of sphingomyelin
could then be determined (14). Secondly, aluminum ox-
ide chromatography was used to separate the acidic phos-
pholipids from the choline-containing phospholipids (24).
The absorbant aluminum oxide (suitable for chromatog-
raphy) 3 was washed five times with chloroform: metha-
nol 1:1 (vol/vol) (C: M 1/1) in a beaker, the super-
natant containing finely divided A120s being decanted
each time. One g of A1203 was used for each 0.5 mg
lipid phosphorus. The column was packed in C: M 1/1.
After applying the sample in C: M 1/1, Fraction I was
eluted with 15 ml of C: M 1/1 for each 0.5 mg of lipid
phosphorus and was shown by thin-layer and paper chro-
matography to contain only neutral lipid, sphingomyelin,
choline glycerophosphatide, lysolecithin, and on one oc-

1 These modifications were suggested by Dr. Claude F.
Reed, Rochester, N. Y.

2 Nomenclature: Present chromatographic methods give
rise to fractions characterized by a single base but con-
taining diacyl, vinyl ether, and saturated ether deriva-
tives of glycerophosphate. The term ethanolamine glyc-
erophosphatides refers to such a chromatographic frac-
tion based on ethanolamine, which is known to contain
ethanolamine diacyl glycerophosphatide (phosphatidyl
ethanolamine) and may or may not prove, later in the
investigation, to contain the corresponding plasmalogen
(phosphatidyl ethanolamine) and/or glyceryl ether deriva-
tive(s). Corresponding terms are used for serine-, inosi-
tol-, and choline-derivative mixtures.

3 Merck & Co., Rahway, N. J.

casion, small quantities of serine glycerophosphatides.
Fraction II, eluted with ethanol: chloroform: water 5: 2: 2,
contained ethanolamine glycerophosphatides, serine glyc-
erophosphatides, and inositol glycerophosphatides; no
choline-containing lipids were detectable with the phos-
phomolybdic acid stannous chloride reaction. When
this fraction was chromatographed on thin-layer plates,
no spots with the mobility of choline glycerophosphatide
or sphingomyelin were seen. Fraction I was rechro-
matographed on silicic acid impregnated paper, and the
relative amounts of sphingomyelin and choline glycero-
phosphatide were determined by quantitative elution of
lipid phosphorus (14).

Analytical methods. The procedures used for the analy-
sis of lipid phosphorus, cholesterol, total weight, fatty
acid esters, nitrogen, plasmalogens, and phospholipid fatty
acids have been previously described (17).

Results

1) Analysis of total fetal erythrocyte lipid.
Although fetal and adult erythrocytes are com-
parable in total lipid, phospholipid, and choles-
terol content per ml of packed cells (Table I),
the larger fetal red cells contain more of each
lipid component per cell. The proportion of
total lipid unaccounted for by lipid phosphorus
and cholesterol is higher in fetal than in adult
cells.

2) Phospholipid distribution. The phospho-
lipid distribution of fetal erythrocytes determined
by paper chromatography of the total lipid ex-
tract is shown in Table II. The proportion of
choline glycerophosphatides is less, and that of
sphingomyelin plus inositol glycerophosphatides
more, than in adult cells. In four of the ten
analyses, the sphingomyelin and inositol glycero-
phosphatides were 2%o or more in excess of the
choline glycerophosphatide value. In the adult
determinations, on the other hand, the sphingo-
myelin and inositol glycerophosphatide percentage
was always at least 2.0%o less than the choline
glycerophosphatide value, and in four of the
seven analyses was at least 4%o less. Analysis
of these results utilizing the t test (25) shows
the differences in sphingomyelin plus inosito-
glycerophosphatides to be significant (p < 0.001),
and the differences in choline glycerophosphatides
less so (p 0.01 to 0.02). An additional pooled
sample in which ethanolamine glycerophospha-
tides and serine glycerophosphatides were not
separated gave similar results: sphingomyelin
plus inositol glycerophosphatide, 30.1%; choline
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TABLE I

Composition of total erythrocyte lipids

Adult* Fetal

No. Mean Range No. Mean Range

Total lipid per ml cells (mg) 9 4.88 4.60 - 5.30 10 5.06 4.70 - 5.55
per cell (10-10 mg) 9 4.88 4.60 - 5.30 10 6.14 5.71 - 6.93

Lipid phosphorus per ml cells (mg) 18 0.127 0.120 - 0.135 10 0.115 0.106 - 0.126
per cell (10-10 mg) 18 0.127 0.120 - 0.135 10 0.141 0.133 - 0.148

Cholesterol per ml cells (mg) 16 1.26 1.12 - 1.45 11 1.23 1.17 - 1.32
per cell (10-10 mg) 16 1.26 1.12 - 1.45 11 1.50 1.42 - 1.58

As per cent total lipid
Lipid phosphorus 2.60 2.28
Cholesterol 25.8 24.5

* The adult erythrocyte values are- from Ways and Hanahan (17); since the average mean corpuscular volume of
washed adult erythrocytes was 100, there were 1010 cells per ml of packed erythrocytes.

glycerophosphatide, 24.0% ; serine glycerophos-
phatide plus ethanolamine glycerophosphatide,
36.9%o; phosphatilic acid, 6.2%; lysolecithin and
unidentified lipid phosphorus, 2.8%. Total re-

covery of lipid phosphorus in this experiment was

97.8%.
To ascertain whether these findings indicated

an increase in sphingomyelin or in inositol glyc-
erophosphatides, or in both, two pooled and one

individual sample of fetal erythrocyte lipid were

chromatographed on silicic acid columns. The
fractions eluted with C:M 1/1 contained serine
glycerophosphatides and virtually all of the ino-
sitol glycerophosphatides. By rechromatograph-
ing this fraction on paper, the amount of inositol
glycerophosphatide as per cent of total phospho-
lipid was determined. It measured 2.6, 2.3, and
1.9%o in the three experiments. The weighted
average of these three experiments, 2.4%o, is not
significantly higher than the value of 2.2% found

by identical column chromatographic procedures
for adult erythrocytes (17). When these values
for inositol glycerophosphatides are subtracted
from the respective sphingomyelin plus inositol
glycerophosphatide percentages (Table II), the
corrected sphingomyelin figure of 26.5%o in fetal
cells remains higher than the value of 23.1%o for
adult cells. It is also higher than the previously
reported figure of 23.8%o for adult erythrocyte
sphingomyelin -obtained by combined column and

paper chromatography of adult erythrocyte lipids
(17).

Additional evidence that the sphingomyelin/
choline glycerophosphatide ratio is higher in fetal
cells was obtained by chromatographing four
additional samples of fetal erythrocyte lipid on

aluminum oxide (Table III). This procedure
separated the choline-containing phospholipids
from the rest of the phospholipids including phos-
phatidyl inositol (see Methods). In the four

TABLE II

Percentage distribution of erythrocyte phospholipids as determined by paper chromatography

Adult* Fetalt
Mean SD Mean SD p value

Choline glycerophosphatides 29.9 1.72 27.6 1.62 0.01-0.02
Sphingomyelin plus inositol

glycerophosphatides 25.3 1.85 28.9 1.22 <0.001
Ethanolamine glycerophosphatides 24.7 1.65 22.2 1.42 0.01-0.001
Serine glycerophosphatides 14.8 0.82 15.2 1.69 . NS
Other 5.4 2.3 6.1 3.48
Recovered 99.0 101.0

* Seven individual samples.
t Eight individual and two pooled samples.
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TABLE III

Percentage distribution of choline glycerophosphatides (CGP)
and sphingomyelin as determined by column chromatography

CGP Sphingomyelin

Mean SD Mean SD

Fetal
A120s chromatography 27.8 26.2

(4 individual samples) 1.75 1.24
Silicic acid chromatography 27.8 26.2

(1 individual sample)

Adult
Silicic acid chromatography 29.5 1.20 23.8 1.30

(reference 17)
p value 0.05-0.10 <0.01

experiments, recovery of lipid phosphorus in
Fraction I ranged from 53.3 to 66.8%o, and ex-
cept for small amounts of serine glycerophospha-
tides in one experiment, there were no other phos-
pholipids except choline glycerophosphatides,
sphingomyelin, and traces of lysolecithin present
by paper or thin-layer chromatography. When
Fraction I was rechromatographed on silicic acid
paper, a true sphingomyelin: choline glycerophos-
phatide relationship could be obtained. The aver-
age percentage of sphingomyelin was again higher
and the percentage of choline glycerophosphatide
lower in the fetal than in the adult cells. In an
additional individual sample, all of the phospho-

lipids were quantified by combined silicic acid
column and paper chromatography with identical
results (Table III). In these experiments the
difference in sphingomyelin was statistically sig-
nificant (p < 0.01); the difference in choline glyc-
erophosphatides nearly so (p 0.05 to 0.1; t =
1.97).

Although the data (Table II) also suggest that
the ethanolamine phosphoglycerides may be lower
in the fetal than in the adult cells, the notorious
lability of this compound (15, 26) limits inter-
pretation of this finding. Serine glycerophospha-
tides constitute a similar fraction of the total in
both adult and fetal cells.

3) Characterization of fetal erythrocyte phos-
pholipids. Two pooled samples of fetal erythro-
cyte phospholipids were separated by silicic acid
column chromatography into four major (B, C,
D, E) and three minor (A, B', D') fractions that
were partially characterized. The analyses from
one of these separations are given in Table IV.
Ninety-one per cent of the lipid phosphorus was
recovered from the column. Fraction A con-
tained 1 % of the total lipid phosphorus. Paper
and thin-layer chromatography revealed phospha-
tidic acid and serine glycerophosphatides. Gas-
liquid chromatography of fatty acids was not
done. Fraction B was predominately ethanol-

TABLE IV

Analytical and chromatographic data on fetal erythrocyte phospholipid fractions*

Fraction A B B C D D E

Major component
Minor component
Phosphorus, per cent of total

recovered
Phosphorus, per cent of total weight
Fatty acid ester/P molar ratio
Plasmalogen/P molar ratio
Paper and thin-layer chromatography

Major components
Minor components

Major nitrogen base after hydrolysis

Anthrone reaction

EGP EGP, SGP SGP CGP CGP, SP SP
SGP IGP IGP

1.0 29.8
3.72

3.36 1.36
0.42

1.1 15.5
2.34
1.74
0.025

PA, SGP EGP EGP, SGP IGP, SGP
Unknown SGP EGP

Ethanol-
amine

Positive Strongly
positive

21.1
3.60
1.80
0.035

13.0 17.6
3.48

0.79 0.124

CGP CGP, SP

Serine Choline
Positive Trace

SP

Choline
Trace Trace

* Abbreviations: EGP= ethanolamine glycerophosphatide; SGP= serine glycerophosphatide; IGP = inositol
glycerophosphatide; CGP= choline glycerophosphatide; SP = sphingomyelin; PA = phosphatidic acid; and P =
phosphorus.
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TABLE V

Fatty acid distribution of fetal erythrocyte total phospholipid
(moles/100 moles fatty acid)

Fetal
Fatty acids Adult
as methyl (refer- Experi- Experi-

esters ence 17) ment 1 ment 2

14:0 0.7 0.6 0.6
16:0 24.5 24.9 25.6
16:1 0.2 2.5 1.5
18:0 19.0 16.1 18.1
18:1 16.4 13.4 13.5
18:2 11.2 3.4 3.5
18:3 Trace
20:0 0.5 0.6
20:3 1.5 2.6 2.4
20:4* 15.1 16.4 17.1
22:4 3.9 1.3
22:5 1.6 0.5 Trace
22:6 3.5 5.4 6.0
24:0 2.4t 5.8 6.4
24:1 3.3t 3.2 3.3

* On the columns used for these estimations, 22:0 eluted
with the same retention time as 20:4. From the hydro-
genated samples and the analyses on Apiezon, 22:0 was
calculated to be less than 3% of the total. In the adult it
comprises approximately 0.5% of the total (17).

t These two methyl esters were eluted together with an
unsaturated C22 ester that was mixed with one or both
peaks. The total values given for 24:0 and 24:1 include
this unsaturated methyl ester.

amine glycerophosphatide but did contain 8.3%
serine glycerophosphatides. Almost half of this
fraction contained plasmalogen, representing 91 %
of the plasmalogen recovered from the columns.
Fraction C was a complex mixture of polar lipids.

By thin-layer and paper chromatography, the
lipid phosphorus in this fraction was found to
be 77% serine glycerophosphatides and 13%o
inositol glycerophosphatides. Components that
did not contain phosphorus were also identified
and were presumed to represent glycolipids.
Fraction D and Fraction E were virtually pure
choline glycerophosphatide and sphingomyelin, re-
spectively.

4) Fatty acid composition of fetal erythrocyte
phospholipids. Fatty acids esterified to total
erythrocyte phos~pholipid differ from the adult
(16, 17) principally in their lower content of lino-
leic acid (18:2) and higher concentrations of
palmitoleic (16: 1), lignoceric (24: 0), and doco-
sahexaenoic (22: 6) acids (Table V). The fatty
acids esterified to the individual phospholipid
fractions isolated by column chromatography
(Table VI) were similar to comparable fractions
from adult cells (16, 17) except for the lesser
amounts of 18: 2 and the greater amount of 20: 4
found in Fraction D, the choline glycerophospha-
tides. Fraction E (sphingomyelin) differed only
in that it contained less 18: 2 and 22: 0 than the
comparable adult fraction.

5) Fetal plasma lipids (Table VII). As shown
in previous studies (27-29, earlier investigations
reviewed by these authors), cord plasma contains
less phospholipid and cholesterol than adult

TABLE VI

Distribution of fatty acids in fetal erythrocyte phospholipid fractions separated by silicic acid chromatography
(moles/100 moles of fatty acid)

Fraction B Fraction C Fraction D
Ethanolamine Serine Choline Fraction E

Fatty acids phospho- phospho- phosphoglycerides Sphingomyelin
as methyl glycerides glycerides

esters Exp. 1 Exp. 1 Exp. 1 Exp. 2 Exp. 1 Exp. 2

14:0 0.3 0.3 0.6 0.6 1.2 0.5
16:0 24.4 4.9 39.0 44.0 44.9 37.5
16:1 2.1 1.0 1.8 0.7
17:0 Trace Trace 1.1 0.5 0.4
17:1 Trace
18:0 12.0 46.4 10.4 10.2 12.9 13.6
18:1 18.3 5.4 17.5 18.9 2.4 2.5
18:2 2.5 1.4 7.0 6.7 0.7 Trace
20:0 2.8 3.4
20:2 1.2 0.8
20:3 2.4 3.7 3.1
20:4 20.0 21.7 13.8 11.6
22:0 2.6 5.5 5.6
22:4 1.9 3.5 1.1 0.4
22:5 1.3
22:6 8.6 7.6 4.0 3.4
24:0 6.3 4.3 1.4 14.4 20.1
24:1 11.9 16.3
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TABLE VII

Plasma lipids

Adult Fetal

No. Mean SD No. Mean SD p value

Lipid phosphorus (mg/100 ml) 21 9.12 0.9 12* 4.15 1.1
Cholesterol (mg/100 ml) 19 214 3.6 12* 71.7 15.0
Phospholipid distribution

(Per cent total lipid phos-
phorus) 7 8

Lecithin 66.7 2.4 59.6 5.8 0.01-0.02
Sphingomyelin 21.4 1.9 26.4 4.4 <0.01
Other 11.9 2.9 14.0 4.5 NS
Per cent phosphorus recovered 99.6 102

* Eleven individual and one pooled sample.

plasma (Table VII). Preliminary ultracentri-
fugal data indicate that this is due to lower con-

centrations of both high and low density lipopro-
tein, but particularly the latter. As in the eryth-
rocyte lipids, sphingomyelin constitutes a greater
(p < 0.01) and the choline glycerophosphatides a

lower (p 0.01 to 0.02) percentage of the total
phospholipid than found in adult plasma.

Discussion

This investigation describes significant differ-
ences in the lipid composition of fetal and adult
erythrocytes. The larger average amount of total
lipid, cholesterol, and phospholipid per fetal eryth-
rocyte correlates well with a greater mean cor-

puscular volume. The higher proportion of total
lipid in fetal cells that is unaccounted for by lipid
phosphorus and cholesterol suggests that they
may be higher in glycolipid content than adult
erythrocytes. Fractionation of the phospholipids
has revealed relatively more sphingomyelin, less
choline glycerophosphatides, and perhaps less
ethanolamine glycerophosphatides in the fetal cell
as compared with the adult. Similar, although
insignificant differences between adult and 1- to
2-day infant erythrocyte choline glycerophospha-
tides and sphingomyelin were reported by Bent-
ley (20). In a single sample of cord erythrocyte
cells, Phillips (19) also found changes comparable
to those we have observed. However, the adult
erythrocyte phospholipid distribution reported by
these investigators differs from those reported

from this laboratory (17) and by Reed, Swisher,
Marinetti, and Eden (14), making comparison
difficult. Analysis of the fatty acids esterified to
total phospholipid in fetal cells reveals much less
linoleic acid (18:2) and relatively more palmi-
toleic (16: 1), lignoceric (24: 0), and docosa-
hexaenoic (22:6) acids. The fatty acids esteri-
fied to individual phospholipid classes reflect the
same changes.

In fetal plasma, the quantity of total phospho-
lipid and cholesterol is half or less of that in
adult plasma, reflecting correspondingly low total
lipoproteins. With the exception of Hadnagy
and associates' work (30) electrophoretic studies
of cord blood suggest that high and low density
plasma lipoproteins are comparably reduced (27-
29, 31-34). However, by analytical ultracentrifu-
gation (35) the low density lipoproteins are re-
duced to a greater extent (d the adult level) than
the high density lipoproteins (1 to j of adult
values). Preliminary ultracentrifugal data from
this laboratory are in agreement with the latter
observations.4 In addition to low total phospho-
lipid in fetal plasma, this study has shown that
the phospholipid distribution also differs from
adult norms. As in the erythrocytes, the per-

4 It has been shown that certain lipophilic stains used
in electrophoretic lipoprotein analyses have a greater
affinity for triglyceride and cholsterol ester than for other
lipids (36). Since the low density lipoproteins contain
a significantly higher proportion of both these lipid
classes than the high density lipoproteins, the discrepancy
between the electrophoretic and ultracentrifugal data may
be on this basis.
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centage of sphingomyelin was higher and that of
the choline glycerophosphatides lower than in
adult material. Phillips (19) made similar ob-
servations on a single sample of cord blood.

Because of the differences in phospholipid dis-
tribution of both cord erythrocytes and plasma
from comparable adult material, and because of
the wider variation of phospholipid distribution
in fetal than in adult plasma, it is pertinent that
Boyd and Wilson (37) reported increases of
fetal whole blood phospholipid as great as 29%o
during the interval (10 to 30 minutes in their
series) between delivery of the fetus and separa-
tion of the placenta. It would be of interest to
ascertain whether these whole blood increments
represent changes in plasma rather than erythro-
cyte lipids and whether the changes were due to
an increase of one or more than one of the phos-
pholipids.

It is not unlikely that the changes in fetal plasma
and erythrocyte phospholipid distribution may be
related. Several studies give direct support to
the theory that erythrocyte cholesterol (38, 39)
and certain phospholipids (22, 40, 41) exchange
with the corresponding plasma lipids. In further
support of this concept are the studies of blood
lipids in a-beta lipoproteinemia. In this disease,
both erythrocyte and plasma phospholipids have
more sphingomyelin and less lecithin than in the
normal (19, 42), and this change in the cell phos-
pholipids is a function of cell age (43), suggest-
ing that the cell lipids are normal until they have
been in contact with the abnormally constituted
lipids of the plasma. In fetal blood, because
plasma and erythrocyte lipids both differ in a
similar way from their adult counterparts, it is
possible that plasma and erythrocyte phospholipid
distribution are also interdependent.

Are the differences in lipid composition of fetal
and adult erythrocytes found in this study of
functional significance ? Previous investigators
have found that intact fetal erythrocytes, in whole
blood or buffer suspensions, have a greater af-
finity for oxygen than maternal erythrocytes
(6-9). This is not explained by the known dif-
ferences in physical and chemical properties of
hemoglobin F and hemoglobin A (4), for when
solutions of hemoglobin are dialyzed (7, 8, 10)
or buffered (9, 10) or evaluated in concentrated

solution (8), hemoglobin F has the same or less
affinity for oxygen as hemoglobin A. Further-
more, the oxygen affinity of erythrocytes from
two adults with hereditary persistence of hemo-
globin F has now been determined (8, 9). De-
spite the presence of 34%o and 70%o fetal hemo-
globin, the oxygen dissociation curves were iden-
tical to those of normal adult erythrocytes. These
studies (7, 8, 10) also minimize the possibility
that dialyzable intracellular components may be
of importance in explaining differing oxygen af-
finity of fetal and adult cells. When erythrocyte
metabolic activity and enzymes are inhibited (8),
the difference in oxygen affinity of intact fetal
and adult cells still persists. Thus, the known
differences in certain enzyme activities (44 47)
and metabolism (44, 48) between adult and fetal
cells do not seem to explain the differing oxygen
affinities.

The possibility that differences inherent in the
"membranes" of the fetal and adult cells may
effect a difference in their "permeability" to oxy-
gen has been suggested, and there is some direct
support for this hypothesis. Thus, Horfejsi and
Komatrkovai (49) have demonstrated that factors
contained in the membranes of adult erythrocytes
alter the oxygen affinity of hemoglobin A solu-
tions. Whether addition of fetal "membranes"
to solutions of fetal hemoglobin effects a differ-
ence in their oxygen affinity has not been deter-
mined, but the 02 dissociation curves of intact
fetal cells and solutions of fetal hemoglobin do
not differ significantly (7, 8).

In addition to these suggestions that its mem-
brane may influence the oxygen affinity of the
erythrocyte, other studies report dissimilarities
of fetal and adult erythrocytes that imply differ-
ences in membrane behavior. Thus, the fetal
cell is apparently less resistant to mechanical in-
jury (50), but more resistant to hemolysis at
590 (51), and hemolysis under acid conditions
(52). The fetal erythrocyte also xhibits greater
loss of K+ and increase of Na+ intracellularly dur-
ing storage at 4° than its adult counterpart (53).

Nearly a quarter of a century ago Ballentine
and Parpart (54) changed the permeability of
erythrocytes to ethylene glycol and glycerol by
exposing them to pancreatic lipases. As a result
they proposed that erythrocyte permeability was
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dependent upon the lipids and proteins in their
membranes. This hypothesis has been strength-
ened by Kdgl, De Gier, Mulder, and van Deenen
(55) and by De Gier and van Deenen (26), who
demonstrated differences in the fatty acid composi-
tion and phospholipid distribution of erythrocyte
membranes in various mammalian species. These
variations could be correlated with the species
differences in erythrocyte permeability to ethy-
lene glycol and glycerol previously reported by
Jacobs, Glassman, and Parpart (56). It was
concluded, therefore, that membrane lipid com-
position might be an important determinant of
membrane permeability (26, 55).

In conjunction with the present study, the fore-
going observations on oxygen affinity and eryth-
rocyte membrane behavior suggest that certain
differences in the physiologic behavior of erythro-
cytes might be related to differences in the lipid
content of their membranes.

Summary

The lipids of fetal erythrocytes have been frac-
tionated, quantified, and characterized in some
detail. The phospholipid distribution of fetal
plasma has also been studied. The following
principal conclusions can be made:

1) The average fetal erythrocyte contains more
cholesterol, total phospholipid, and probably glyco-
lipid than the adult erythrocyte.

2) In fetal erythrocytes and plasma, sphingo-
myelin constitutes a significantly greater per-
centage of the total phospholipid than in adult
material. Choline glycerophosphatide is corre-
spondingly reduced in the fetal erythrocyte and
plasma, but this difference is not as significant
statistically.

3) Differences in the phospholipid fatty acid
composition of fetal and adult erythrocytes are
also present. Most striking of these is a very low
level of linoleii, acid in the fetal cell.

The possible relationship of these findings to
differences in the physiologic behavior of fetal and
adult cells is discussed.
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