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Extract

The effects on membrane lipid composition of chronic iz vive exposure of adult cells to
a fetal plasma environment were studied in eight infants who received repeated in-
trauterine transfusions [or erythroblastosis fetalis. Comparison is made between the
lipid composition of the transfused adult cells obtained at delivery and the lipid com-
position of cells from normal newborn infants, from nontransfused newborn infants
with erythroblastosis (EB), and [rom adult donor cells. Transfused cells which had circu-
lated in the fetus for a minimum of 5-16 days showed a significant increase in mem-
brane cholesterol (transfused cell cholesterol: 1.53 mg /cell X 10-"; donor cell choles-
terol: 1.26 mg /cell X 10~"). One patient in whom donor cells circulated a minimum
of 30 days showed increased levels of total lipid (6.73 mg/cell X 10-") and lipid phos-
phorus (1.35 mg/cell X 10-!) as well as cholesterol (1.74 mg/cell X 10~"). These
increases in membrane lipid content were not accompanied by increased cell volume.

Phospholipid distribution in cells circulating the shorter period was similar to that
seen in donor cells except for a lower percentage of combined phosphatidyl serine +
phosphatidyl inositol (transfused cells: 10.6%, total phosphorus; donor cells: 13.5%,
total phosphorus). The patient with longer cell circulation had an abnormal phospho-
lipid distribution, similar to that seen in hepatic disease (phosphatidyl choline: 44.49%,
total phosphorus; donor phosphatidyl choline: 28.49 total phosphorus), and subse-
quently developed elevated levels of direct bilirubin.

Phospholipid fatty acid distribution in the transfused cells more closely resembled
the fetal pattern with low levels of linoleic acid (transfused: 5.79, of total fatty acids;
donors: 10.09 of total fatty acids). Sensitivity of the transfused erythrocytes to hydro-
gen peroxide hemolysis was elevated in three patients (fetal cell pattern) and low in
three patients (adult cell pattern). Lipid values in plasma were similar in transfused
patients, in nontransfused infants with EB, and in normal infants except for slight
elevations of total phospholipid in the transfused group.

Speculation

The concept that fetal erythrocytes containing fetal hemoglobin are necessary for in-
trauterine life would appear untenable inasmuch as it is now apparent that adult
erythrocytes with adult hemoglobin can maintain fetal viability in wfero. Because
many of the functional characteristics of the fetal erythrocyte are more directly related
to the presence of a fetal red cell membrane than to the presence of fetal hemoglobin,
it is possible that the efficacy of adult cells in utero may, in part, be related to an ability
to adapt to a fetal environment. These studies demonstrate a tendency for transfused
adulterythrocytes to alter certain aspects of their lipid composition when exposed to a
fetal plasma environment in vivo.
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Introduction

As a result of a lack of significant de novo lipid syn-
thesis, the erythrocyte is dependent on the plasma en-
vironment for lipid homeostasis, either by a mechanism
of direct exchange or by conversion of monoacyl phos-
pholipid in plasma to cellular phospholipid through
acylation [3, 19, 20, 31, 32]. Despite this, the erythro-
cyte seems capable of maintaining relatively normal
lipid composition in several pathologic states associated
with severe plasma hyperlipemia [21]. Conversely, total
lipid content of erythrocytes in cord blood is 27%
higher than that found in adult erythrocytes despite
circulation in a comparatively low plasma environ-
ment [8, 22].

It is unclear whether this dissociation between eryth-
rocyte and plasma lipid levels in the neonate is an in-
trinsic characteristic of the fetal cell or whether it is a
reflection of interaction between the cell and the
plasma environment. The administration of adult
blood in utero to the fetus affected by erythroblasto-
sis [18] offers a unique opportunity to study the effect
of chronic exposure to a fetal plasma environment on
adult erythrocyte membrane lipids in vivo.

Materials and Methods

Erythrocyte lipid studies were performed on samples
of cord blood from a selected group of eight infants
who received multiple intrauterine transfusions for
Rh erythroblastosis at the UCLA Medical Center
(group IUT). The infants received between two and
six intrauterine transfusions with an average interval
of 14 days between each transfusion. The criteria for
transfusion and the method utilized have been previ-
ously reported [17]. Infants were selected in whom, at
birth, essentially all circulating erythrocytes were trans-
fused adult cells (based on cell ABO and Rh type, di-
rect Coombs’ test and acid elution staining characteris-
tics). The clinical and laboratory course of these in-
fants is shown in Table I; on samples of cord blood
from a control group of 10 Rh infants with erythro-
blastosis (EB) who did not receive intrauterine trans-
fusions to characterize the anticipated lipid patterns
from residual fetal cells (group E); on samples from 15
freshly drawn type O, Rh-negative blood donor units
to characterize the transfused adult donor cells (group
D); and on samples of cord blood from a group of 42
full term normal newborn infants previously reported
[22] (group N).

Plasma lipid studies were performed on all patients

in group IUT and group E as well as on nine members
from group N.

Blood samples were collected in ethylenediamine-
tetraacetic acid (1 mg/ml blood), centrifuged at 4°, and
the plasma was removed. The bufty coat was discarded.
Erythrocytes were washed two to three times with an
equal volume of 0.9% NaCl until the supernatant
was clear. A 60-70% suspension of erythrocytes in
0.85% NaCl was made and aliquots were taken for
hematocrit determination and cell counting [40].
Erythrocyte lipid determinations on all study patients
were performed in duplicate.

Two-milliliter aliquots of erythrocyte suspension or
plasma were extracted twice in chloroform-methanol
(2:1) by a modification of the method of Farquhar [9,
28]. Total lipid extract was dissolved in 10 ml petro-
leum ether and aliquots were taken for determinations
of total lipid, determined gravimetrically; total cho-
lesterol [6]; lipid phosphorus [2]; and phospholipid
fractionation employing thin layer chromatography
(TLC) on Silica Gel H [33]. Lipid spots were localized
by iodine vapor and identified by comparison with
purified phospholipid standards. Phosphorus content
of individual fractions was determined [26]. Separation
of phospholipid from neutral lipid was accomplished
by column chromatography on silicic acid [85]. Phos-
pholipid fatty acids were methylated [36] and quanti-
tated on a gas chromatograph [41] utilizing a 6-foot
column packed with 15% diethylene glycol succinate
liquid phase on Chromsorb W (oven temperature,
180°; injector temperature, 280°; detector temperature,
210°). Fatty acids were identified by comparison with
known standards [42] and published retention times
[1]. Aldehydes were identified by the method of
Farquhar [10].

Multiple erythrocyte analysis utilizing these pro-
cedures have the following coefficients of variation for
major lipid fractions: total lipid per cell, 1.13; phos-
phorus per cell, 1.39; cholesterol per cell, 0.69; per-
centage of lipid as phosphorus, 1.04; percentage of
lipid as cholesterol, 0.76; percentage of sphingomyelin,
1.82; percentage of phosphatidyl choline, 0.77; per-
centage of phosphatidyl serine 4+ inositol, 2.78; per-
centage of phosphatidyl ethanolamine, 1.16; percent-
ages of fatty acids—16:0 = 4.21, 18:0 = 3.25, 18:1
= 248, 18:2 = 255, 20:4 = 3.27. Recovery of phos-
pholipid phosphorus from TLC fractionation = 96.2%
of applied phosphorus.

Fetal cells were identified by the acid elution tech-
nique [16]. Hydrogen peroxide hemolysis test was per-
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T'able I. Clinical status of study group paticnts who received intrauterine transfusions (IUT)

Patient no. 1 2 3 4 5 6 7 8
Birth weight, g 2300 2010 2800 2920 1480 2860 2780 1918
Gestation, wk 35 33 36 36 32 36 38 36
‘Transfusion status
No. of IUT 4 3 3 6 3 4 5 2
Total volume of IUT, ml 380 300 300 600 315 360 405 125
Interval; IUT 1 — delivery, 45 33 54 71 36 55 58 45
days .
Interval; last IUT — de- 13 5 16 0 9 8 7 30
livery, days
Cord blood studies
Blood type 0 0 0 0 0 0 0 0
Rh type Negative  Negative Negative  Negative  Negative Negative  Negative  Negative
Direct Coombs’ Negative  Negative Negative  Negative  Negative Negative  Negative  Negative
Fetal cells, %, 0.5 2 4 0.5 0.5 1 0.5 0.5
Bilirubin, mg/100 ml 3.4 5.5 3.7 3.4 2.6 2.7 4.8 8.3
Hematocrit, %, 42 42 40 50 38 48 31 25
Corpuscular volume, p* 94 97 9% 101 94 94 95 90
Neonatal course
Exchange transfusion 0 2 0 0 2 0 1 1
Pcak bilirubin, mg/100 ml
Total 14 .4 21.3 11.3 6.8 21.6 14.9 25.9 14.0
Direct 5.4 2.5 6.0 1.0 1.6 0.7 13.9 7.2
Outcome
Living + + + + + + +
Expired +
formed by the method of Gordon ¢t al. [13] modified to Qur ;/-7
include use of 2, 3, and 4% H,0.. 5%{/17’50/\/0/?5
U3 ERYTHROBLAST
O VORMAL NEWBORN 32(
Results 80 26r

Erythrocyte lipid values in IUT patients I1-7 were
similar and are conscquently grouped together for
comparison; IUT patient 8§ showed dissimilar values
and is listed separately. It should be noted in Table I
that the interval from last transfusion to birth in JUT
paticnis 1-7 ranged from 5 to 16 days, whereas the
interval in IUT patient $ was 30 days.

The values for total lipid, lipid phosphorus, and
cholesterol of the erythrocytes are shown in Figure 1.
Levels of total lipid and lipid phosphorus per cell in
erythrocytes from IUT patients 1-7 were similar to
those found in adult donor cells, whereas levels of cho-
lesterol per cell were significantly higher (P < 0.01),
and approached the levels seen in erythrocytes from
normal newborn infants and infants with EB. The
percentage of total lipid present as phospholipid was
similar in all groups studied (J{UT" patients 1-7, D, N,
and Z). The percentage of total lipid as cholesterol in
the IUT group exceeded that of the donors and fell
in the upper range for normal newborns or newborns
with EB.
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Fig. 1. Levels of total lipid, lipid phosphorus, and cholesterol per
cell from erythrocyte membranes. Columns to the right show the
percentage of the total lipid per cell represented by lipid phos-
phorus and cholesterol. Bars denote = 1 sp.

The IUT patient 8, who had the longest interval
between the last transfusion and delivery (30 days),
showed values for total lipid and cholesterol per cell
similar to those secen in normal infants. Lipid phos-
phorus per cell was at a level midway between the



686 NEERHOUT

e 70
o 07
z 8®  Newvorn
3 (+150)
£ 6.0
- 5 8
7 o

2 Z .3. Donor
= 5.0+ '.4 6 (2150)
-t
<
—
o
" a0 - T T T T T

5 10 15 20 25 30

INTERVAL: LAST IUT — DELIVERY (DAYS)

Fig. 2. Relation between the total erythrocyte membrane lipid
per cell at birth and the interval between the last donor cell
transfusion and delivery. Shaded areas denote mean values * 1
so for total lipid per cell of donor blood and normal newborn
infants. Patient numbers correspond with those in Table 1.
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Fig. 3. Distribution of individual phosphatides expressed as per-
centage of total lipid phosphorus per cell. LL: lysolecithin. Sph:
sphingomyeclin. PC: phosphatidyl choline. PS: phosphatidyl serine.
PI: phosphatidyl inositol. PE: phosphatidyl ethanolamine. PA:
phosphatidic acid. Bars denote = 1 sp.

mean for normal newborn cells and the mean for
donor cells. Figure 2 shows the relation between total
lipid per cell at delivery and the minimal duration of
circulation of the transfused adult cells in the fetus.
There is a trend toward increase in membrane lipid
per cell with progressively longer exposure to the fetal
environment in utero (correlation coeflicient, 0.96).
Phospholipid fractionation of erythrocytes is shown
in Figure 3. The percentage of phospholipid in the
combined phosphatidyl serine and phosphatidyl inosi-
tol fraction of cells from IUT patients 1-7 was signifi-
cantly decreased (P < 0.01) when compared with per-
centage of phospholipid found in cells from donors,
{from normal newborn controls, or from infants with
EB. The percentage of phosphatidyl choline in cells
from IUT patients 1-7 did not differ significantly from
that found in the donor group or those with EB. The
level of phosphatidyl choline in cells of both IUT
patients 1-7 and controls with EB was significantly in-

creased over the relatively low levels previously empha-
sized as characteristic of normal newborn cells (P <
0.01) [22]. Two of the samples from IUT patients -7
had phosphatidyl choline values in excess of 2 sp above
the mean for the donor cells (patient 1: 34.2%; patient
7: 33.4%). Erythrocytes from four of the remaining five
patients had percentages of phosphatidyl choline in ex-
cess of 31% of total lipid phosphorus.

Erythrocytes of IUT patient 8 had a phospholipid
fractionation which tended to accentuate the differ-
ences noted above for IUT patients 1-7. The percent-
age ol phosphatidyl choline (PC) was markedly ele-
vated (44.4% of total lipid phosphorus) with concomi-
tant reduction in percentages of sphingomyelin, phos-
phatidyl ethanolamine (PE) and combined phospha-
tidyl serine (PS) 4 inositol (PI). When calculated on the
basis of milligrams X 10~13 of phosphorus per cell, the
alterations of the relative phospholipid distribution of
IUT patient 8 can be shown to be quantitatively al-
tered as well ({UT patient 8: PC: 59.9; PS + PI: 10.9;
PE: 32.1; donors: PC: 35.8; PS + PI: 16.3; PE: 36.3 mg
P/cell x 10-18). Similar alterations in phosphatidyl
choline and phosphatidyl ethanolamine have previ-
ously been reported in patients with liver disease, par-
ticularly when associated with biliary obstruction [23].

Erythrocyte phospholipid fatty acid distribution is
shown in Table II. Nineteen identifiable peaks have
been quantitated by gas chromatography but only 10
major fatty acids are compared here. Cells from [UT
patients 1-7 differed from donor cells in having higher
levels of palmitic acid (Cy4.0) and palmitoleic acid
(Ci6.1) combined with lower levels of stearic acid
(Cis:0) and linoleic acid (Cig.5). The major difference
Is in the lower levels of linoleic acid where IUT pa-
tients [-7 approached the low values characteristic of
those found in cells of both normal newborns and new-
born infants with EB; IUT patient 8 again showed an
accentuation of the trends noted in the other JUT pa-
tients. Although the levels of palmitic acid (Cig.o),
palmitoleic acid (Cyg.q), oleic acid (Cyg.4) and arachi-
donic acid (Cag.4) reported were similar to those seen
in normal newborns, the low level of stearic acid
(Cys.0) observed in IUT patient 8 was distinctly lower
than that found in either donor cells, in cells from con-
trols with EB, or in cells from normal newborn con-
trols. As in IUT patients 1-7, the level of linoleic acid
ol IUT patient 8 (6.2%) fell between the newborn
level (8.4%) and the donor level (10.0%).

Plasma lipid values for the IUT group are contrasted
with those of normal newborns and control groups
with EB (Fig. 4). Plasma lipid values for IUT patient 8
fell well within the range noted for IUT patients 1-7
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T'able 1I. Fatty acids esterified to erythrocyte membrane phospholipid!
Subjects Ci6:0? Cigt1 Cisto Cistt Cis:2 Cao: 4 Casto Ca411 : Coorg
1UT patients 1-7 20.9° 1.6 14.8 16.8 5.7 17.9 2.9 2.1 3.0 4.9
+ 1.64 + 0.4 + 1.2 + 1.5 + 0.6 + 0.5 + 0.5 + 1.2 + 1.7 + 1.4
IUT patient 8 24 .6 1.7 12 .4 13.9 6.2 20.3 3.2 1.5 1.2 4.1
Donor 18.1 0.9 16.7 15.5 10.0 17.1 3.3 1.7 2.8 3.5
+ 1.4 + 0.1 + 1.0 + 1.1 + 1.5 + 1.1 + 0.9 + 0.8 + 1.2 + 0.8
Iiry throblastosis 22 .4 1.7 17.2 14.3 3.6 17.0 4.6 2.4 1.3 5.1
+ 2.0 + 0.3 + 1.8 + 1.5 + 0.5 + 1.3 + 0.7 + 0.5 + 1.3 + 1.2
Normal newborn 21.3 1.0 16.3 11.9 3.4 19.6 5.5 3.4 0.8 6.6
+ 2.4 + 0.3 + 1.0 4 1.1 + 0.6 + 1.4 + 1.6 + 0.7 + 1.1

+ 0.9

! Values are expressed as percent by weight of total fatty acid recovered.
% First number designates carbon chain length; second number designates double bonds. Nincteen identifiable fatty acids and alde-
hydes were quantitated as previously described [22, 23], The 10 major fatty acids are presented for comparison.

¢ Mecan.
¢+ spo.

and only the combined group values (IUT patients
1-8) are shown. Total plasma lipids and cholesterol
showed no significant differences among the three
groups. Levels of total phospholipid in the IUT group
were significantly increased (P < 0.01) compared with
those found in normal newborns, but not when com-
parcd with other infants with EB. Phospholipid frac-
tionation showed no significant variations among the
three groups. Phospholipid fatty acid distribution is
not shown, but it was similar in all three groups with
the exception of oleic acid (Cys.1), which was signifi-
cantly increased (P < 0.01) in both the controls with
EB and the IUT group over the level seen in normal
newborns.

Peroxide hemolysis studies on six of the infants in
the IUT group are shown in Figure 5. Three of the
patients (2, 4, and 6) showed sensitivity to peroxide
hemolysis similar to that normally seen with adult
cells. The other three infants, 5, 7, and §, showed sen-
sitivity to peroxide hemolysis similar to that seen in
normal newborn cells.

Discussion

The utilization of intrauterine transfusion of adult
blood into the fetus affected with erythroblastosis has
afforded a unique opportunity to study the effect on
adult erythrocyte lipids of chronic exposure to a fetal
plasma environment in vivo. Because of the severity
of the rhesus sensitization, essentially all of the infants’
own Rh-positive cells had been destroyed in the infants
sclected. A relatively pure sample of transfused adult
blood was thus available for study at birth. Previous
reports on intrauterine transfusions have emphasized
this phenomenon [5, 29]. Since de novo lipid synthesis
is virtually nonexistent in the nonnucleated erythro-
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Fig. 4. Lipid distribution of plasma at delivery in the three
neonatal groups. TL: total lipid. PL: total phospholipid. Chol:
cholesterol. Abbreviations for phospholipids are as noted in
Figure 3. Bars denote = 1 sp.

cyte, it is assumed that the lipid alterations noted in
the cells thus obtained have occurred by a process of
plasma lipid-membrane lipid interaction. Despite the
low level of plasma lipid noted in the study infants,
the transfused erythrocytes tended to increase the lipid
content, particularly cholesterol, with increasing dura-
tion of circulation in vivo. The changes noted in lipid
composition of the adult erythrocytes are in the direc-
tion of that normally found in erythrocytes of normal
newborns [22]. The one patient, IUT patient 8, in
whom adult cells circulated for a minimum of 30 days,
attained levels of total lipid and cholesterol in the
erythrocytes comparable to those in the neonate. Since
the exchange between erythrocyte and plasma choles-
terol appears to have the most rapid turnover ol all
the membrane lipids [15], it would be anticipated that



688 NEERHOUT

N0~
90
80—

- Neonate

70

60~

50

40 R I

PER CENT HEMOLYSIS

30

20

Ha0, CONCENTRATION, PER CENT

Fig. 5. Peroxide hemolysis studies at delivery of six patients who
received intrauterine transfusions of adult blood. Patient num-
bers correspond with those in Table I. Solid line and shaded
areas denote mean * 1 sp for normal adult and newborn control
subjects.

cholesterol levels of the membranes would reflect these
changes most rapidly.

This trend toward increased membrane lipid in the
study group is accentuated when considered as a func-
tion of cell size. The erythrocytes of the infants with
EB and of normal newborn controls were macrocytic
compared with the donor cells (mean corpuscular
volume: erythroblastotic, 132 u3; normal newborns, 120
p*; donor, 100 p?*). Cells recovered from the IUT group
were smaller than donor cells (mean corpuscular
volume: IUT patients 1-7, 95 p3; IUT patient 8, 90
»*). Although cell volume is not directly proportional
to ccll membrane surface area, the expression of cell
lipid as a function of cell volume serves to develop a
relatively consistent relation between these two vari-
ables in the age groups under question. Normal adult
erythrocytes contain 5.07 X 101 mg lipid/100 p?
volume. The donor cells are similar, with 5.14 x 10—10
mg lipid /100 n3. Both normal newborns and newborns
with EB have 5.38 x 10— mg lipid/100 4*. Despite
the smaller volume, adult cells recovered from IUT
patients 1-7 had 5.56 x 10~ mg lipid/100 3. The
expected trend with normal cell aging would be a
decreasing amount of total lipid, phospholipid, and
cholesterol with decreasing cell volume [34].

The percentage of individual phosphatides found

in the transfused cells at birth shows a pattern unique
to this group. The low levels of combined phosphatidyl
serine and phosphatidyl inositol are in marked con-
trast to both the donor cells and those from infants
with EB or from normal newborn controls. Inasmuch
as the major component of this fraction is phosphatidyl
serine (which has a negligible turnover rate with
plasma), this may be merely a reflection of lipid loss
with cell aging [27, 37]. Previous studies, however,
have not noted significant changes in phospholipid
distribution with cell aging [34].

The factors which cause adult erythrocytes circulat-
ing in a fetal plasma to alter their lipid composition
are not known. The lipid composition of erythrocytes
from normal neonates differs from that of adult
erythrocytes primarily by having an increased amount
of total lipid, phospholipid, and cholesterol per cell
[22]. When compared with adult erythrocytes, phos-
pholipid distribution in neonatal erythrocytes shows
lower percentages of phosphatidyl choline and phos-
phatidyl ethanolamine coupled with increased per-
centages of sphingomyelin and combined phosphatidyl
serine + phosphatidyl inositol [22]. The possible in-
fluence of decreased plasma levels of lecithin-choles-
terol acyl transferase (LCAT) on erythrocyte mem-
brane lipid composition has been emphasized both in
patients with obstructive jaundice and in patients with
a congenital deficiency of this enzyme |7, 11]. The
LCAT catalyzes the transfer of one fatty acid from
lecithin to unesterified cholesterol, resulting in the
formation of lysoiecithin and cholesterol ester [12].
Despite the fact that the rate of this transacylation reac-
tion in the nconate serum is only one-half that found
in maternal serum [30], the percentage of serum choles-
terol in the ester form and the percentage of serum
phospholipid represented by lecithin  (phosphatidyl
choline) are similar in the neonate and the adult [38,
39]. Thus it would appear unlikely that the lower levels
of LCAT in nconatal serum are instrumental in in-
fluencing the normal erythrocyte lipid pattern signifi-
cantly. Indeed, if decreased LCAT were an important
factor in the normal neonate, an increased level of
erythrocyte phosphatidyl choline, rather than a de-
creased level, would be anticipated, as is seen in pa-
tients with obstructive jaundice or familial absence ol
LCAT [7, 11, 23].

The possible influence of reduced LCAT levels of
fetal plasma on the transfused adult erythrocytes is
open to conjecture. A trend toward higher levels of
phosphatidyl choline in the IUT cells was noted when
compared with that found in cells of normal newborns
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or adult donor cells. Since similar elevations of erythro-
cyte phosphatidyl choline were noted in the non-
transfused newborns with EB, an alternate explana-
tion for these observations may be the influence of
obstructive jaundice or hepatocellular damage in these
patients. This possibility may indeed be exemplified
by the observations on IUT patient 8. As noted above,
crythrocytes of this patient had 44.4% of phospholipid
as phosphatidyl choline. Total bilirubin in cord blood
was 8.2 mg/100 ml (direct not done). Repeat bilirubin
measurements at 9 hr of age, following exchange trans-
fusion at birth, recorded a total of 8.2 mg/100 ml
with 5.5 mg/100 ml as the direct-acting type. When
last checked prior to his death on day 3, bilirubin total
was 14.0 mg/100 ml with a direct-acting fraction of
7.2 mg /100 ml. At autopsy, the liver showed marked
extramedullary hematopoiesis with bile and hemo-
siderin pigment within the bile canaliculi and Kupfter
cells. Three other infants ({UT patients 1, 3, and 7)
also showed significant levels ol direct-reacting bili-
rubin during the neonatal period. The phosphatidyl
choline percentage of their cord blood erythrocytes was
34.2, 31.9, and 33.4%, respectively. Repeat studies on
IUT patient 3 at 72 hr of age showed an increase in
phosphatidyl choline to 34.2% and an increase of
erythrocyte cholesterol from 1.44 X 103 mg/cell to
1.62 x 10— mg/cell. These observations correlated
temporally with the peak of total and direct bilirubin
(total: 11.8; direct: 6 mg/100 ml). Serial studies were
performed on IUT patient 1. At 14 days of age the
phosphatidyl choline fraction ol the erythrocyte lipids
constituted 45.6% of total phospholipid while choles-
terol per cell was unchanged. Serum bilirubin at that
time showed a total of 13.2 mg/100 ml and a direct
fraction of 6.5 mg/100 ml. When studied at 5 months
of age, he was anicteric and had a normal erythrocyte
lipid profile including a phosphatidyl choline fraction
of 31.4% ol total lipid phosphorus. Similar observa-
tions on relatively rapid changes in erythrocyte mem-
brane lipid composition have previously been reported
in association with reversible forms of hepatic disease
and elevated direct-acting bilirubin [24]. A relation
between  elevated conjugated  bilirubin  and  liver
necrosis in erythroblastosis {etalis has been noted, sug-
gesting that some of the lipid changes noted may be
more directly related to the hepatic status than to the
age ol the recipient [28]. These observations tend to
emphasize that the membrane lipid composition is in
a dynamic state and dependent on multiple [actors
affecting the fetal metabolism.

The development of an increased susceptibility to

hydrogen peroxide hemolysis is a characteristic which
could not be related temporally to the period of cell
circulation tn utero. The intervals since the last trans-
fusion for the three patients who showed increased
peroxide hemolysis were 7, 9, and 30 days, respectively,
whereas those with normal adult peroxide hemolysis
patterns were 5, 6, and 8 days, respectively. If one ex-
cludes IUT paticent 8 from consideration, the remain-
ing five patients (JUT 2, 4, 5, 6, and 7) in whom
peroxide hemolysis studies were performed showed
essentially identical lipid profiles at birth. Thercfore,
it is difhicult to explain the fact that three of thesc
patients had normal and two had abnormal peroxide
hemolysis on the basis of any alteration of membrane
lipid. Although measurement of vitamin E levels was
not performed on these patients, it has been shown
that virtually all newborns, particularly prematures,
have low levels of this vitamin [14]. A direct correla-
tion between low levels of vitamin E and increased
susceptibility to peroxide hemolysis in the neonate
has not been noted, however {25]. It is presumed that
the development of susceptibility to peroxide hemolysis
in these adult cells is an acquired defect, possibly
associated with circulation in a vitamin E-deficient
environment, as has been described in adults with
malabsorption of fat-soluble vitamins [4].

Summary

The alterations observed in lipid composition of adult
erythrocytes following prolonged circulation in the
fetus in wutero have been reported. Transfused adult
erythrocytes showed a significant increase in membrane
lipid, primarily cholesterol. Membrane phospholipid
distribution generally remained unchanged except for
those patients in whom conjugated hyperbilirubinemia
was associated with increased percentage ol membrane
phosphatidyl choline. Fatty acids esterified to phos-
pholipid showed low levels of linoleic acid as typically
seen in the neonate. The resulting alterations ol adult
erythrocyte membrane lipids following prolonged cir-
culation in the fetus would appear to be a function of
both the fetal plasma environment and fetal hepatic
function.
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