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Extract

Erythrocyte stromal lipid analysis has been performed on 26 healthy children spanning
the age groups from 6 months to 14 years of age. Total lipid, lipid phosphorus and
cholesterol per cell are similar in children between the ages of 6 months and 6 years.
These values, in milligrams, for the 6-12 month age group are (4.42 ± 0.42) X 10~10,
(0.98 ± 0.08) X 10"u and (1.22 ± 0.04) X 10"10, respectively. After 6 years of age,
there is an increase toward the adult values, with children in the 10-14 year age group
having values, in milligrams per cell, of: total lipid, (4.83 ± 0.32) X 10~10; lipid
phosphorus, (1.15 ± 0.10) X 10"11; cholesterol, (1.26 ± 0.06) X lO"10. Changes in
cell lipid content reflect primarily changes in cell size over the age period studied.
In the younger age groups, the percentage of total lipid as phospholipid is lower and
that as cholesterol is higher than in children over age 6 and in adults (age group 6—12
months, percentage of total lipid as phosphorus = 2.22 ± 0.05, that as cholesterol =
27.7 ± 3.0; age group 10-14 yr, percentage as phosphorus = 2.39 ± 0.17, percentage
as cholesterol = 26.1 ± 1.8). Phospholipid fractionation reveals a consistent level of
sphingomyelin so that average values for all age groups studied range only from
23.9% to 24.4% of total phospholipid. Phosphatidyl choline is lowest in the youngest
children studied (25.5% in age 6-12 months), and increases to adult levels after 6
years of age (28.8% in age group 6-10 yr; 28.2% in age group 10-14 yr). Conse-
quently, the ratio of sphingomyelin:phosphatidyl choline more closely approximates
the neonatal value below 6 yr and the lower adult value after 6 yr. Fatty acids es-
terified to phospholipid remain relatively constant throughout the age groups studied
and do not differ markedly from adult values by the end of the first year of life.

Speculation

The erythrocyte stromal lipid composition varies both quantitatively and qualita-
tively with the age of the subject studied. Possible pathologic changes in lipid composi-
tion should only be interpreted in the light of normal values for any given age group.

Introduction dated and extensively reviewed [5, 13, 26, 31]. The
influence of dietary intake of lipid on the lipid compo-

The lipid composition of the human erythrocyte mem- sition of erythrocytes has been studied [7, 12, 21, 27,
brane has been a subject of great interest in recent 28]. Despite this emphasis on alterations in lipid corn-
years. Alterations of erythrocyte lipid composition in position of erythrocytes in abnormal situations, lipid
association with a variety of hematologic disorders as composition of the erythrocyte membrane in normal
well as plasma lipoprotein disorders have been eluci- populations has been systematically studied only in the
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adult and newborn age groups [3, 6, 9, 14-16, 18, 24,
29]. The purpose of this report is to define more
clearly the expected normal lipid composition of eryth-
rocytes from a group of unselected healthy children
spanning the pediatric age range.

Materials

Blood samples were collected from 26 fasting healthy
children who ranged in age from 6 months to 14 years.
Selection was based solely on the willingness of the
parents to cooperate in the study after they had re-
ceived appropriate explanation. The subjects were ei-
ther children of hospital personnel or siblings of child-
ren being followed in the University of California, Los
Angeles outpatient clinic for non-familial disorders.
No attempt was made to define dietary intake except
to assure a state of nutrition seemingly appropriate for
a middle class suburban population. All subjects had a
hematocrit level that was within the accepted range of
normal for age [20]. Comparison is made with pre-
viously reported studies of normal neonates and adults
[16].

Methods

Venous blood samples were collected in ethylenedia-
minetetraacetic acid (1 mg/ml blood) and centrifuged
at 4°, and the plasma and buffy coat were removed.
Erythrocytes were washed 2-3 times with an equal or
greater volume of physiologic saline. A 60-70% sus-
pension of erythrocytes in physiologic saline was made,
and aliquots were taken for hematocrit determination
and cell count [34]. Determinations of erythrocyte lip-
ids were performed in duplicate for all study patients.

Two milliliter aliquots of erythrocyte suspension
were extracted twice in chloroform-methanol (2:1) by
a modification [17] of the method of Farquhar [10].
The total lipid extract was dissolved in petroleum
ether and aliquots were taken for the following deter-
minations: (i) total lipid determined gravimetrically,
(2) total cholesterol [4], (3) lipid phosphorus [2], (4)
phospholipid fractionation by thin layer chromatogra-
phy [25] (lipid spots were localized by iodine vapor
and identified by comparison with purified phospho-
lipid standards; phosphorus content of individual frac-
tions was determined [23]), and (5) separation of phos-
pholipid from neutral lipid by column chromatogra-
phy on silicic acid [29]. Phospholipid fatty acids were
methylated [30] and quantitated by gas chromatogra-
phy utilizing a 6-ft column packed with 15% diethyl-
ene glycol succinate liquid phase on chromsorb w

(oven temperature = 180°, injector temperature =
280°, detector temperature = 210° [32]. Fatty acids
were identified by comparison with known standards
[33] and published retention times [1]. Aldehydes were
identified as described by Farquhar [11].

The coefficients of variation for major lipid fractions
utilizing this analytic procedure have been reported
previously [19].

Results

The results of assays for total lipid, lipid phosphorus
and cholesterol per cell are shown in Figure 1. To
complete the spectrum of changes with age, values for
erythrocytes from cord blood as well as for adult eryth-
rocytes are included [16]. The 26 study patients were
divided into five age groups for purposes of compari-
son. A marked drop in erythrocyte total lipid, lipid
phosphorus and cholesterol from the high values at
birth is noted by six months of age. These three pa-
rameters of lipid composition of erythrocytes then re-

TOTAL LIPID

mg/CELL
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x lO-'i 1.0

i i i i i i i

mg/CELL
xlO"10
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Birth 1/2-1 1-3 3-6 6-10 10 14 Adult

AGE GROUPS(YEARS)

Fig. 1. Erythrocyte total lipid, lipid phosphorus (phospholipid)
and cholesterol expressed as milligrams per cell for age range
6 months to 14 years. Similar values for term birth and adult red
cells are included for comparison [16].
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Table I. Lipid phosphorus (phospholipid) and cholesterol con-
tents of total lipids of erythrocytes1

Age, yr

0.5-1 (3)
1-3 (5)
3-6 (4)
6-10 (5)

10-14 (9)
Term birth (28)2

Adult (21 )2

Phosphorus, %

2.22
2.18
2.16
2.37
2.39
2.40
2.41

±
±
±
±
±
±
±

0.05
0.16
0.14
0.13
0.17
0.17
0.11

Cholesterol, %

27.7
27.4
27.4
25.5
26.1
27.1
26.0

±
±
±
±
±
±
±

3.0
4.4
2.7
1.9
1.8
2.3
2.1

1 Values are expressed as mean ± SD. Number in parentheses
indicates number of subjects.
2 From Neerhout [16].

main rather constant through infancy and the pre-
school years. Beyond the 6-yr age group, increases in
erythrocyte total lipid, lipid phosphorus and choles-
terol are noted. Although mean values for all three
parameters in the 10-14 yr age group fall somewhat
below the mean for the adult population, there is a
great degree of overlap and the differences are not
statistically significant.

The relative proportions of cholesterol and phos-
pholipid in the erythrocyte membrane at the various
age groups are listed in Table I. Values are expressed
as percentage of total lipid as cholesterol (% choles-
terol) and percentage of total lipid as phosphorus
(%P). As was previously noted, the %P in the neonate
is similar to that in the adult, whereas the % choles-
terol is slighly higher (P < 0.10) [16]. The %P has
declined by 6 months of age and remains lower than
the adult value through the 6-year age group (P <
0.01). After this age, %P reaches values similar to that
of the adult. In comparison, % cholesterol remains at
the somewhat higher levels noted in the neonate
through the 6-year period and then declines to the
adult level. The variations in % cholesterol are not
significant beyond the P < 0.10 range.

Distribution of individual phosphatides in the phos-
pholipid fraction is tabulated in Table II. The neo-
nate has been characterized as having a higher percent-
age of sphingomyelin and a lower percentage of phos-
phatidyl choline than the adult [6, 15, 16]. Thus the
ratio of sphinogomyelin: phosphatidyl choline (S:PC)
in the adult is 0.82 whereas in the neonate it ap-
proaches unity (0.94) [15, 16]. During the age period of
this study (6 months to 14 years), the sphingomyelin
percentage remains quite constant and does not differ
from that in the adult. The percentage of phosphati-
dyl choline is significantly lower than in the adult
group throughout the age groups up to age 6 yr (P <
0.01). None of the subjects who were less than 1-yr-old
had a percentage of phosphatidyl choline in excess of
26%, whereas no subject over age 6 yr had a percent-
age of phosphatidyl choline below 26.0%. Three of
nine subjects in the 1-6 yr group had a percentage of
phosphatidyl choline below 26.0% while three had a
percentage above 28.0%, thus showing a period of ap-
parent transition. Because of the low percentage of
phosphatidyl choline in the children less than 1-yr-old,
the S:PC ratio remains high (0.96) as in cord blood
despite the adult level of sphingomyelin. This ratio in
the 6-10 yr age group (0.84) and the 10-14 yr age
group (0.85) approaches that of the adult. The com-
bined phosphatidyl serine + phosphatidyl inositol
fraction remains above the adult level throughout
childhood. The percentage of phosphatidyl ethanola-
mine is relatively consistent throughout the age groups
studied, being statistically elevated above cord blood
levels only in the group under 1 yr of age (P < 0.01).

The distribution of fatty acids esterified to phospho-
lipid is presented in Table III. Nineteen fatty acids
and aldehydes were quantitated but only those com-
prising more than 3% of the total are listed, for sim-
plicity. It can be seen that the pattern of high palmitic

Table II. Distribution of individual phosphatides in phospholipid fraction1

Age, yr

0.5-1 (3)2

1-3 (5)
3-6 (4)
6-10 (5)

10-14 (9)
Term birth (28)2

Adult (21 ) s

1.5
1.6
1.3
1.1
1.1
1.0
1.2

LL

±
±

±
±
±
±

0.2
0.4
0.1
0.3
0.2
0.1
0.4

24.4
23.9
24.4
24.3
24.0
26.0
24.1

Sph

±
±
±
±
±
±
±

1.2
1.2
0.8
1.0
1.0
2.8
2.0

25.5
27.4
26.7
28.8
28.2
27.7
29.5

PC

±
±
±
±
±
±
±

0.5
1.1
1.7
1.1
1.6
2.1
1.4

PS

15.0
15.1
15.5
14.6
15.5
15.2
13.1

+

±
±
±
±
±
±
±

PI

0.3
0.9
1.4
0.3
0.8
1.6
1.2

33.1
31.4
31.5
30.5
30.7
29.1
31.2

PE

±
±
±
±
±
±
±

0.3
1.0
0.5
0.9
1.2
2.9
1.5

0.4
0.7
0.6
0.6
0.7
0.9
1.0

PA

±
±
±
±
±
±
±

0.2
0.5
0.4
0.4
0.4
0.5
0.2

1 Values are expressed as percentage of total lipid phosporus and each represents mean ± SD. LL: lysolecithin, Sph: sphingomyelin,
PC: phosphatidyl choline, PS : phosphatidyl serine, PI: phosphatidyl inositol, PE : phosphatidyl ethanolamine, PA: phosphatidic acid.
2 Number in parentheses indicates number of subjects.
3 From Neerhout [16].
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Table. III. Distribution of fatty acids esterified to phospholipid1

Age,

0.5-1
1-3
3-6
6-10

10-14

yr

(3)2

(5)
(4)

(5)
(9)

Term birth (28)3

Adult (21Y

17.7
17.4
17.8
18.1
19.2
21.3
17.0

16:0

±
±
±
±
±
±
±

1.9
1.4
1.0
1.3
3.8
2.4
1.2

16.7
17.2
17.5
16.8
16.4
16.3
15.3

18:0

±
±

±
±
±
±

0.3
1.4
1.3
0.8
0.8
1.0
0.2

13.2
14.1
16.6
15.4
15.5
11.9
14.6

18:1

±
±
±
±
±
±
±

1.1
1.1
0.6
0.6
1.1
1.1
1.0

8.8
8.7
9.9

10.4
9.9
3.4

10.9

18:2

±
±
±
±
±
±
±

2.7
1.1
1.2
0.9
1.6
0.6
1.2

20:4

17.3
17.0
16.1
15.9
15.5
19.6
17.4

±
±
±
±
±
±
±

2.2
0.8
1.2
1.5
1.5
1.4
1.1

4.0
4.3
3.1
3.8
3.7
6.6
4.8

22:6

±

±
±
±
±

0.7
0.7
0.5
1.0
1.0
1.1
0.8

4.2
3.6
3.8
3.6
3.5
5.5
4.9

24:0

±
db

±
±
±
±
±

0.2
0.5
0.5
0.4
0.4
1.6
1.4

1 Values are expressed as percentage of total fatty acids by weight and each represents mean ± SD. Fatty acids are designated by
carbon chain length:number of double bonds.
2 Number in parentheses indicates number of subjects.
8 From Neerhout [16].

acid (16:0) and arachidonic acid (20:4) coupled with
lower levels of oleic acid (18:1) and linoleic acid (18:2)
which distinguishes the neonate from the adult is
largely lost by the earliest period of this study (6
months). The longer chain fatty acids (C22, C24) fall
below the values for either the normal neonate or the
adult throughout childhood.

Discussion

The subjects included in this study were chosen to be
a representative spectrum of normal healthy children
spanning the age group from 6 months to 14 years. All
subjects in this study were ingesting whole cow's milk
in addition to the appropriate solid food diet for age.
Consequently it was felt that these data could be con-
sidered representative for normal children on what is
loosely referred to as a "regular diet for age".

The most striking finding in this study is the low
values for total lipid, lipid phosphorus and cholesterol
per cell noted in the age group 6 months-6 years. This
is in marked contrast to the elevated levels noted in
term neonates as compared with normal adults [6, 16].
Since lipid in erythrocytes is limited to the cell mem-
brane [8], it has been generally concluded that varia-
tions in cell membrane surface area will be reflected by
variations in cell membrane lipid content [5]. Since
cell surface area is difficult to determine accurately, pre-
vious discussions have utilized the association between
lipid content of erythrocytes and volume of erythro-
cytes to express this relation [16, 18, 19]. Thus, the
normal newborn erythroeyte has 5.38 x 10-10 mg
lipid/100 /xs while the normal adult ranges from 5.07
to 5.14 X 10-10 mg lipid/100 p? [19]. Utilizing such
calculations, it can be shown that the variations in
lipid content of erythrocytes noted in this study largely
reflect the variations in mean corpuscular volume of

erythrocytes in the respective age groups. The mean
corpuscular volume of the saline washed cells in the 6
month-6 year groups is 88 p? with 5.08 mg lipid/100 p3

volume. The combined 6-14 year group has a mean
corpuscular volume of 92.5 p3 with 5.17 mg lipid/100
ft,3. Thus the relation between erythroeyte membrane
lipid and erythroeyte volume throughout the age
groups of this study is similar to that noted in adult
cells. The relation of total lipid to erythroeyte volume
noted in the neonate (5.38 x 10~10 mg/100 /J) re-
mains, therefore, unique to that group. A progressive
decline in mean corpuscular volume following birth
has been well shown and it suggests a selective loss of
the more macrocytic cell population in the first few
weeks of life [22]. The quantitative differences in lipid
composition between erythrocytes of the neonate and
those of older children would appear to be largely
associated with the loss of this macrocytic cell popula-
tion.

The explanation for the higher sphingomye-
lin: phosphatidyl choline ratio noted at birth and up
to 6 years of age remains obscure. Previous investiga-
tors have reasoned that the S: PC ratio is higher in the
neonate than in the adult because the S:PC ratio in
plasma is higher in the neonate [6, 15]. Plasma phos-
pholipid analysis was performed on 7 of the samples
from the 6-14 year age group and revealed that phos-
phatidyl choline comprises 67.9% and sphingomyelin
16.5% of the total phospholipid. Previous studies from
our laboratory revealed rather similar values for cord
blood (phosphatidyl choline = 67.6%, sphingomyelin
17.9%) [19]. Thus the S:PC ratio in plasma in the
6-14 year group is 0.24 whereas that in cord blood is
0.26. Although the ratios differ in a manner similar to
that for the erythroeyte, the difference in the S:PC
ratio in plasma is not statistically significant. Whether
this seemingly minor variation in phospholipid distri-
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bution in plasma is, in fact, the cause of the lipid
variation in erythrocytes must await further investiga-
tion. Numerous human and animal studies have
shown that wide variation in lipid composition of the
diet does not affect the proportions of the major phos-
pholipid classes of the erythrocyte [7, 12, 27].

Analysis of the fatty acids esterified to phospholipid
show that the major variations which distinguish cord
blood cells from adult cells have largely disappeared
by the end of the first year of life. The most striking
change is the increased percentage of linoleic acid
(18:2) already present by the end of the first year.
Controlled dietary studies have shown that the content
of linoleic acid in erythrocytes closely follows the lino-
leic acid content of the diet [7, 12, 28]. Changes in
dietary linoleic acid content are reflected in similar
changes in the erythrocyte within a few weeks [12].
The consistency of the values for erythrocyte linoleic
acid content throughout the span of the age groups in
this study suggests therefore a fairly consistent intake
of this dietary lipid by this unselected population.

Summary

Data are presented that delineate the erythrocyte
stromal lipid composition in the age group of 6 months
to 14 years. Variations in total cell lipid tend to paral-
lel the changes in erythrocyte volume and, presumably,
erythrocyte surface area. The percentage of total lipid
which is phospholipid is lower in young children and
reaches adult levels after 6 years of age. Quantitation
of individual phosphatides reveals a consistent level of
sphingomyelin throughout the study age groups. An
increase in percentage of phosphatidyl choline after
age 6 yr leads to a sphingomyelin: phosphatidyl cho-
line ratio similar to that of the adult, in contrast to a
higher value noted in younger children and in cord
blood. The phospholipid fatty acid pattern characteris-
tic of cord blood (higher levels of palmitic and arachi-
donic acids, lower levels of oleic and linoleic acids
than in the adult) is largely gone by the earliest period
of this study. In particular, linoleic acid levels ap-
proach those of the older child and the adult by the
end of the first year of life.
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