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The Role of Membrane Lipids in the Survival

of Red Cells in Hereditary Spherocytosis

R. A. COOPERand J. H. JANDL

From the Thorndike Memorial Laboratory and 2nd and 4th (Harvard)
Medical Services, Boston City Hospital, and the Department of Medicine,
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A B S T R A C T Red cells in hereditary spherocytosis
(HS) have a decreased ratio of membrane surface area
to cell volume and therefore a spheroidal shape. This
abnormality in shape predisposes them to pooling and
destruction in the spleen. Although splenectomy prevents
hemolysis in HS, the red cell defect, as manifested by
spheroidicity, increased autohemolysis, excesive perme-
ability to sodium, and hypermetabolism, persists. The
role of membrane lipids in these manifestations in vitro
and in cell survival in vivo was examined.

Before splencetomy, and in spite of the presence of a
young cell population, the cholesterol and phospholipid
content of HS red cells is decreased. After splenectomy
lipid values are similar to those obtained in normal sub-
jects with spleens. However, after splenectomy for con-
ditions other than HS the lipid content of red cells is
greater than normal. Thus, when compared with the red
cells of patients without HS who have also undergone
splenectomy, HS cells after splenectomy are deficient in
both cholesterol and phospholipid.

Obstructive jaundice causes an increase in membrane
lipid, primarily cholesterol, and a decrease in the osmotic
fragility of normal red cells. When HS red cells are
transfused into patients with obstructive jaundice they
also become less osmotically fragile. Moreover, when
incubated in obstructive jaundice serum, they gain cho-
lesterol. This acquisition of membrane lipid in vitro does
not result in a change in their rate of glucose utilization
or sodium efflux. However, the transformation to a less
spheroidal shape in vivo permits them to traverse better
the splenic circulation and survive longer.

This work was presented in part at the Annual Meeting
of the American Society of Hematology, December 1967,
and published in abstract form in Clin. Res. 15: 274 and in
Blood. 30: 883.

Received for publication 19 November 1968.

INTRODUCTION
The destruction in vivo of hereditary spherocytosis (HS)
red cells appears to result from two major factors: a
tendency for the pooling of HS cells in the spleen (1-3),
and an inordinate susceptibility to damage under the ad-
verse conditions existing in the splenic milieu1 (4-6).
HS red cells are more spheroidal and osmotically fragile
than normal even as they leave the bone marrow (7).
It is generally held that splenic pooling occurs because
of the difficulty with which such spheroidal cells traverse
the slit-like stomata leading from pulp to splenic sinuses
(1-3, 8), the average diameters of which have been esti-
mated at 3 u (9). As they circulate in patients with
spleens, HS cells become progressively more spheroidal,
until they finally undergo destruction (7). The mecha-
nism of this increase in spheroid city, termed "splenic
conditioning" (1), is not entirely clear. Splenectomy,
however, almost invariably causes a cessation of condi-
tioning and hemolysis, despite the persistence of a
spheroidal shape (3).

HS red cells lose membrane lipid excessively under
conditions in vitro' (5) which may be analogous to the
stagnant conditions of splenic pooling in vivo (10).
This leads to a loss of surface area (11, 12) and there-
fore to an increase in osmotic fragility. In patients with
spleens, the lipid content of HS red cells is less than
normal (5); however, after splenectomy red cell lipids
in HS are the same as those in red cells from normal
subjects with intact spleens (5, 13, 14). Thus, whereas
depletion of membrane lipid may explain, in part, the
events of splenic conditioning and eventual cell destruc-
tion, the fact that after splenectomy HS red cells have a
lipid content that is "normal" has excluded a quantita-
tive abnormality in red cell lipids from consideration as
the basic defect in HS. However, the effect of splenec-
tomy, per se, on red cell lipids has not been previously
studied, although flat, osmotically resistant "target cells"
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with increased surface area have long been known to oc-
cur in normal subjects after splenectomy (15).

Lipids of the red cell membrane are not static struc-
tural units; rather they are in a dynamic exchange with
their serum counterparts (16, 17). Moreover, quanti-
tative changes in red cell lipids, cholesterol in particu-
lar, can occur as a result of certain pathological altera-
tions in serum lipids (11, 12, 18-20). The acquisition of
cell lipid in obstructive jaundice is of interest because it
occurs rapidly, leads to proportional changes in mem-
brane surface area, and does not impair red cell sur-
vival in vivo (12, 21).

The present studies were undertaken to reexamine the
lipid content of HS red cells and to determine the in-
fluence of lipid acquisition, as occurs in obstructive
jaundice, on the physiology of these red cells in vivo
and in vitro.

METHODS

Selection of patients and normal subjects. Patients with
HS were selected on the basis of red cell morphology,
osmotic fragility, autohemolysis, and, in all but one case,
family history. (Data obtained from the patient who lacked
a family history appear only in Table I.) Patients who had
undergone splenectomy for conditions other than HS had
the diagnoses of: idiopathic thrombocytopenic purpura-9,
lymphosarcoma of the spleen-2, lupus erythematosus-1, and
Coombs positive hemolytic anemia (in remission at the time
of study) 2. Splenectomies had been performed from 3
months to 20 yr previously in both the HS and the non-HS
groups.

Patients with obstructive jaundice had the diagnoses of:
carcinoma of the bile ducts-i, carcinoma of the pancreas-2,
and carcinoma of the bile ducts partially relieved to T-tube
drainage-i. Normal subjects were hematologically normal
and had no evidence of hepatic dysfunction.

Evaluation of red cells from patients before and after
splenectomy and from normal subjects. Blood was collected
in balanced oxalate, and reticulocytes (22) and mean cell
volume (MCV) were measured. After three saline washes
to remove white cells and platelets, quadruplicate aliquots of
red cells were extracted with isopropanol and chloroform
(23) for measurement of cholesterol (24) and phospholipid
(25) with standard errors (95% confidence limits) of 1.8
and 2.4%, respectively.

Incubations in vitro. Normal and HS red cells from
freshly drawn, heparinized, or defibrinated blood were thrice
washed with Hank's balanced salt solutions. Triplicate
1.0-2.0 ml aliquots were incubated at cell concentrations of
5-10%o in equal portions of Hank's and serum containing
penicillin, 500 U/ml, in a 37°C atmosphere in capped 16 X
150 mmtubes shaking at 130 oscillations/min. Sera had been
dialyzed against Hank's solution containing glucose 100
mg/100 ml and brought to pH 7.4 with C02 before incuba-
tion. Sera designated "heated" had been heated to 56°C
for 30 min. Red cell lipids, measured as described above,
autohemolysis (26), osmotic fragility (1, 12), and glucose
consumption (27) were determined. For the measurement of
sodium efflux, red cells were incubated at a cell concentration
of 7% in various sera, each containing 1 ,c 'Na/15 ml
cell suspension. After 20 hr at 37°C the red cells were washed

thrice with Earle's solution and incubated at a hematocrit of
25% in this buffer. 'Na efflux was measured over 3 hr (4).

Studies in vivo. Red cells from a single patient with
HS who had undergone splenectomy 7 yr previously were
used in all studies of HS red cells in vivo. This patient had
the typical changes of red cell morphology, osmotic fra-
gility, and autohemolysis. 30 ml of blood was collected in
acid-citrate-dextrose, labeled with 200 Atc of Na2'CrO4
(Abbott Laboratories) (28), washed once with saline, and,
within 2 hr of collection, transfused into the subject studied.
Compatibility between donor and recipient was determined
by the Coombs cross-matching procedure (29). At intervals
after transfusion, the survival of the transfused cells and the
osmotic fragility of both the transfused cells and the
recipient's own cells were determined as described previously
(12, 30). Cell survivals are expressed as per cent of the
radioactivity in a sample taken 5 min after injection. This
5 min value agreed within ±10% with the theoretical 100%
calculated from total 'Cr counts injected assuming a blood
volume of 7% of body weight.

There was no history of prior transfusion in the normal
recipients or in two of the patients with complete biliary
tract obstruction (represented by the two upper curves in
Fig. 1). The third patient with complete obstruction had
received transfusions on multiple occasions in the past
during surgery for an unrelated, neurologic disease. The
patient with partial obstruction had received transfusions at
the time of his biliary tract surgery 1 month before study.

The survival of heated, normal red cells was determined
simultaneously in three normal subjects and one patient with
obstructive jaundice, using one cohort of red cells labeled
with Na2'CrO4 and then heated at 50'C for 25 min. Body
surface counts over the spleen, liver and precordium were
measured at 2 hr after injection (31-33). Cell survival is
expressed as per cent of 'Cr injected assuming a blood
volume of 7% of body weight.

All subjects who served as recipients of HS or heated
normal red cells were apprised of the experimental details
and gave their free consent. The protocol for these experi-
ments was approved by the Review Committee, Clinical
Center, Thorndike Memorial Laboratory, Boston City Hos-
pital, Boston, Mass.

RESULTS

The effect of splenectomy on red cells in conditions
other than HS. Because previous studies had compared
red cell lipids from patients with HS who lacked spleens
with those of normal subjects with spleens (5, 13, 14),
the effect of splenectomy, per se, was evaluated. Mea-
surements were made of the lipid content of red cells
from 14 patients who had undergone splenectomy for
reasons other than HS (Table I). When compared with
red cells from normal subjects with intact spleens, there
was a 23.3% increase in cholesterol content, a 12.6%
increase in phospholipid content, and a 9.4% increase
in the cholesterol: phospholipid ratio. All of these dif-
ferences were highly significant (P < 0.001). More-
over, these increases in cell lipid content beyond the
normal range occurred in each subject tested and were
not related to an increase in either MCVor the number
of reticulocytes. There was no accompanying difference
in the serum concentrations of either cholesterol (pa-
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TABLE I

Effect of Splenectomy on Red Cell Lipids*

Normals Non-HS HS
with spleens after splenectomy after splenectomy

Number 1........................ 11 14 10

Hematocrit, %O 44.2 43.8 40.2 ±2.8 42.8 i2.7

Mean cell volume, IA3 82.7 ±2.9 84.3 ±4.9 78.2 46.2

Reticulocytes, % 0.5 ±0.9 1.3 ±1.7 0.6 ±0.9

Red cell cholesterol, 13.41 ±0.44 16.54 ±0.34 13.63 ±0.67
,ug/108 cells (range) (12.45-14.57) (15.24-19.91) (11.88-14.84)

Red cell lipid phosphorus, 12.64 +0.26 14.24 ±0.33 12.01 ±0.68
,og/109 cells (range) (12.28-13.13) (13.39-16.43) (10.84-13.97)

Cholesterol:Lipid phosphorus 10.6 ±0.3 11.6 40.5 11.1 ±:0.4

* Data are expressed as mean ±SE, 95% confidence limits. HS = hereditary spherocytosis.

tients = 210 ±44 mg/100 ml; normals = 185 +20) or
phospholipid (patients = 246 ±64 mg/100 ml; normals
= 256 ±36).

The lipid content of HS red cells. The cholesterol
and phospholipid content of red cells from 10 patients
with HS who had undergone splenectomy at least 5
months previously was measured (Table I). The lipid
content of these cells was similar to that of red cells
from 11 normal subjects with intact spleens (Table I),
as previously reported (5, 13, 14). However, when com-
pared with red cells from patients whose spleens had
been removed for reasons other than HS, the HS cells
had a deficiency of cholesterol that averaged 19.3% and
of phospholipid that averaged 15.7%. These lipid defi-
ciencies were highly significant (P < 0.001). The av-
erage MCVin the HS patients was 7% less than in the
non-HS patients. However, the MCV in two patients
in the HS group was particularly low and exceeded by
greater than 2 SD the average MCVof the other eight
HS patients. When these two patients were excluded,

TABLE I I
Effects of Obstructive Jaundice in a Patient with HS

Mean Red cell
Hospital Serum Serum osmotic Red cell lipid

day bilirubin cholesterol fragility cholesterol phosphorus

mg/100 ml NaCI g/ pg/108 cells ug/lJO cells
100 ml

1 1 1.5 310 0.427 - -

2 11.8 - 0.433 15.00 12.20
5 13.5 435 0.416 16.50 13.00
6 13.2 - 0.406 - -

12 5.0 440 0.453 - -
20 2.4 280 0.452 13.25 -

27 3.2 215 0.448 12.80 12.20
40 1.4 184 0.451 13.40 13.00

the average MCVof the HS group was 81.4 3. This is
not significantly different from the average MCVin the
non-HS patients. The deficiency of red cell cholesterol
in these eight HS patients was 19.6% and of phospho-
lipid, 15.2%. Thus, the lipid deficiency in HS after
splenectomy is not related to a difference in cell volume.

Two patients with HS were studied at the time of
their splenectomies. Before splenectomy red cell cho-
lesterol values were 12.40 and 12.39 ug/10' cells, and
lipid phosphorus values were 11.25 and 12.28 ,ug/109 cells.
Reticulocytes were 12 and 35%. These lipid values are
decreased an average of 7% as compared with normal
subjects with intact spleens. Over the 1st 4 days after
splenectomy there was no change in the red cell lipid
content. However, when measured again 3 months later
when reticulocytes had fallen to 0.8 and 1.0%, the red
cell lipids had increased to values found in other pa-
tients with HS who lacked spleens (cholesterol, 13.42
and 13.56 /Ag/10' cells and lipid phosphorus, 12.80 and
12.87 ,ug/109 cells).

The influence of obstructive jaundice on HS red cells
in vivo. A 45 yr old man with HS and an intact spleen
was hospitalized because of jaundice due to a common
duct stone, which he subsequently passed. The course of
his liver function studies and the lipid content and os-
motic fragility of his red cells is presented in Table II.
His red cells became more resistant to osmotic lysis dur-
ing the period of biliary tract obstruction, as had been
observed 80 yr previously in hematologically normal
subjects (34). Concomitant with this change in osmotic
fragility, there was an increase in red cell cholesterol
but no significant change in red cell phospholipid.
Reticulocytes remained between 5 and 9%.

It was not possible to assess the influence that this
alteration in membrane lipid had on cell survival during
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FIGURE 1 The effect of obstructive jaundice on the osmotic fragility and survival of
hereditary spherocytosis (HS) red cells. Red cells from a patient with HS, who had
previously undergone splenectomy, were labeled with 'Cr and transfused into three normal
subjects and four patients with obstructive jaundice, three of whomhad complete obstruction.
Mean osmotic fragility (50% lysis) and survival of the transfused cells are represented.
There was a shift toward a normal osmotic fragility and a prolongation in survival of the
HS cells after transfusion into patients with obstructive jaundice.

the transient episode of biliary tract obstruction de-
scribed above. To study this, four hematologically normal
patients with persistent biliary tract obstruction were
transfused with 51Cr-labeled red cells from a patient with
HS who had previously undergone splenectomy (Fig.
1). On three occasions a portion of these same red cells
were simultaneously transfused into a normal subject.

All recipients had spleens. The mean osmotic fragilities
of the recipients' red cells were: 0.40-0.41 g NaCl/100
ml in the normal subjects, 0.37 in the patient with par-
tial obstruction, and 0.31-0.34 in the patients with com-
plete obstruction. The mean osmotic fragility of the
transfused HS red cells was 0.47.

There was little change in the osmotic fragility of the

Membrane Lipids in Hereditary Spherocytosis 739



C) iJaundiced Serui

'4 100-

.10' --___ _ *Heated Serum

95-\

- Cholesterol
90494 90- ---Phospholipid

Fresh Serum

85-
0 6 12 18 24

HOURSOF INCUBATION
FIGURE 2 Effect of obstructive jaundice serum on HS red cells in
vitro. HS red cells were incubated at a cell concentration of 6% at
370C for 24 hr. Red cell cholesterol decreased in fresh, normal serum
and this was prevented in heated, normal serum. Red cell cholesterol
increased in serum from a patient with obstructive jaundice. No
change in the red cell content of phospholipid occurred under any of
these conditions.

HS red cells after transfusion in normal subjects, the
slight decrease in fragility observed probably repre-

senting destruction of the most fragile cells. In the
jaundiced subjects, however, the transfused HS cells
became more resistant to osmotic lysis, and in two sub-
jects they acquired a normal osmotic fragility. However,
in none of these transfusions did the HS red cells ac-

tually acquire the osmotic fragility of the recipient's
own target cells.

The 51Cr-half survival of the HS red cells averaged
1.9 days after transfusion into normal subjects. In con-

trast, survival in the jaundiced recipients was enhanced
and correlated closely with the osmotic fragility change
that had occurred. In the patient with partial biliary tract
obstruction, in whom there was only a modest change in
osmotic fragility, the '1Cr-half survival was prolonged
to 3.9 days, whereas in the patients with complete ob-
struction it averaged 9.3 days. In the two patients with
complete obstruction in whom the osmotic fragility
shifted to within the normal range, the 5'Cr-half survival
was prolonged to 12.0 days. Normal 5"Cr-half survivals
by this method average 26 days (12, 28).

The effect of obstructive jaundice on spleen function
was tested, since an inhibition of spleen sequestering

function in obstructive jaundice could also cause a pro-
longation in red cell survival. Normal red cells labeled
with "1Cr were heated at 50'C for 25 min and transfused
into three normal subjects and into one patient with
complete biliary tract obstruction. The average half-
survival in the three normal subjects was 107 min (75-
170 min) and in the jaundiced subject 103 min. Splenic
sequestration predominated in all subjects, the spleen:
liver ratio at 2 hr averaging 6.9 (4.2-9.5) in the nor-

mals and 8.5 in the jaundiced subject. Thus, obstructive
jaundice appears not to influence the sequestering func-
tion of the spleen.

Effect of obstructive jaundice sera on HS red cells
in vitro. When HS red cells were incubated at a cell
concentration of 6% for 24 hr (Fig. 2), they underwent
changes in lipid content similar to that previously ob-
served in normal red cells. In fresh serum they lost cho-
lesterol, but not phospholipid, due to esterification of
free cholesterol in serum by the serum enzyme, acyl-
transferase, and this was prevented by heating the serum

to inactivate the enzyme (11). In serum from a patient
with obstructive jaundice, however, they gained cho-
lesterol. As has been observed in normal red cells (12),
this gain in cholesterol in vitro was not associated with
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TABLE I I I
Effect of Obstructive Jaundice Serum on Normal and Hereditary Spherocytosis (HS) Red Cells

HS red cells Normal red cells

Normal serum Jaundiced serum Normal serum Jaundiced serum

Cholesterol, %of initial value +2.6 +13.6 +0.3 +15.7

Phospholipid, %of initial value +0.4 +2.6 +0.2 +2.5

Glucose consumption, ,umole/ml per hr 1.73 1.70 1.40 1.38

Na efflux, meqiliter per hr 2.89 3.15 2.30 2.47

any change in their content of phospholipid. The mean
osmotic fragility of these HS cells after incubation in
normal heated serum was 0.49 g NaCl/100 ml. This
was increased to 0.52 in fresh serum but was decreased
to 0.44 in obstructive jaundice serum.

HS red cells are not only deficient in surface area but
they are also excessively permeable to sodium (4, 35).
This leads to an increased rate of sodium extrusion and
an accelerated rate of gucose consumption (4, 36). To
test whether the beneficial effect of obstructive jaundice
on HS cells in vivo was related to a change in osmotic
fragility alone, or to an alteration in cell membrane
permeability and glucose metabolism as well, red cells
from two patients with HS who had undergone splenec-
tomy and from two normal subjects were incubated in
media containing normal heated serum or heated serum
from a patient with obstructive jaundice. Glucose con-
sumption was measured during a 12 hr period beginning
8 hr after the start of incubation, sodium efflux after 20 hr
incubation, and cell lipids before and at the end of 20 hr
incubation (Table III). In normal serum the rate of
glucose consumption, expressed as umoles/ml packed
cells per hr, averaged 1.40 in normal cells and 1.73 in
HS cells. When incubated in obstructive jaundice serum
there was no significant change in these rates in spite
of an increase in red cell cholesterol that averaged 13.6%
in HS cells and 15.7% in normal red cells. Similarly,
there was no significant change in the rate of sodium
efflux which averaged 26% greater in HS than in nor-
mal red cells when incubated in normal serum and 27%
greater when incubated in jaundiced serum. Thus, the ac-
quisition of lipid by HS cells in obstructive jaundice
extends their membrane surface area but does not cor-
rect either their increased permeability to sodium or
their increased rate of glycolysis.

The interrelationship between autohemolysis and the
lipid changes induced by obstructive jaundice serum was
assessed during a prolonged incubation of HS red cells
at a cell concentration of 5% in media containing fresh
sera obtained from a normal subject and from two pa-
tients with obstructive jaundice. A low hematocrit was

used to provide time for maximum changes in red cell
lipids to occur before glucose exhaustion. Red cell lipids
were measured at 48 hr, a time before hemolysis, and
per cent hemolysis was measured at 96 hr. Red cell cho-
lesterol was decreased 22.0% in fresh, normal serum,
whereas in jaundiced sera it was increased by an average
of 10.1%. No significant changes occurred in red cell
phospholipid. Autohemolysis in fresh serum was 21.0%
and in jaundiced sera it averaged 11.6%. Thus, auto-
hemolysis, which results from both colloid osmotic swell-
ing and the loss of membrane lipid (37), is reduced by
factors that cause lipid to accumulate in the red cell
membrane.

DISCUSSION

These studies demonstrate that HS red cells are deficient
in lipid and surface area both before and after splenec-
tomy. They acquire membrane lipid in obstructive jaun-
dice, and this extends their surface area and permits
them to survive longer in vivo.

Red cell lipids in patients with hemolysis, as in HS
before splenectomy, must be compared with normal red
cells of comparable age, since younger cells have a 10-
15% greater content of both cholesterol and phospho-
lipid (38, 39). Thus, the small apparent decrement in
lipid in two patients with HS and intact spleens re-
ported here becomes magnified when cell age is taken
into consideration, and the average decrease of 7% may
then represent a true decrease of 15-20%. This same
consideration does not apply to HS red cells after sple-
nectomy, where normal or only slightly shortened red
cell survivals have been demonstrated (1, 40-42).

However, splenectomy itself influences the red cell
membrane. The occurrence of target cells with increased
surface area after splenectomy parallels the acquisition
of osmotic resistance (43), and both evolve to a maxi-
mumover several weeks to several months (15, 44, 45).
As demonstrated above, these changes are associated
with a membrane lipid content in excess of that present
in subjects with spleens. When red cells from patients
with HS who have undergone splenectomy are compared
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with red cells from subjects who do not have HS but
who also have undergone splenectomy, a deficiency of
lipid is seen in HS red cells and this deficiency involves
both cholesterol and phospholipid.

Lipid is acquired by HS red cells in obstructive jaun-
dice, either in vitro or in vivo, and this leads to an in-
crease in the cell's surface area-to-volume ratio. Al-
though not measured, this increase probably enhances
the cell's deformability and allows the cell to traverse
the spleen more efficiently. As in the patient reported
herein, this acquisition of lipid consists primarily of cho-
lesterol, although phospholipid is usually gained as well
(12, 18, 21). The mechanism of this lipid acquisition
has been related to both a decrease in the activity of the
serum cholesterol esterifying enzyme, acyltransferase,
and to a bile salt mediated transfer of cholesterol from
serum lipoproteins to red cell membranes (12). Al-
though the addition of lipid to HS cells increased their
surface-to-volume ratio and enhanced their survival,
Crosby and Conrad reported no change in HS cell survi-
val when this ratio was increased through the induction
of iron deficiency (46). The difference in experimental
design makes it difficult to compare these two studies.

The membrane lipid alterations observed upon incu-
bation of red cells, as reported in this and another
study,' demonstrate that, at a low hematocrit in serum
supplemented with glucose, HS cells either gain or lose
cholesterol depending on the nature of the serum present.
However, they do not undergo a change in their con-
tent of phospholipid. In contrast, studies have been re-
ported in which HS cells lost both cholesterol and phos-
pholipid in equivalent amounts during incubation for as
little as 4 hr under conditions of adequate glucose, but
in buffer rather than serum (47), and this loss was at-
tributed to the increased sodium flux which HS cells
maintain. When incubated in serum but in the absence of
glucose, however, HS red cells have lost both cholesterol
and phospholipid' (5). Thus, in serum systems, glucose
deprivation, as might occur under conditions of erythro-
concentration in the spleen (10), rather than sodium
pumping, appears to be the cause of the combined cho-
lesterol-phospholipid loss in HS.

Although, after splenectomy HS red cells are deficient
in lipid when compared with red cells from subjects
without HS who have also undergone splenectomy, they
nonetheless have a lipid content that is similar to that of
red cells from normal subjects whose spleens are intact.
Despite this similarity, red cells from HS patients with-
out spleens are more osmotically fragile than red cells
from normal subjects with spleens. This implies a factor
other than lipid deficiency, per se, to explain the de-

'Cooper, R. A., and J. H. Jandl. The selective and con-
joint loss of red cell lipids. Submitted for publication.

ficiency in surface area. Possibly the red cell membrane
should not be considered as homogeneous. Rather, the
specific lipid deficiency in HS may lead to a reorienta-
tion of membrane structural subunits such that they
provide less surface per unit of lipid than normal. In-
creased sodium permeability may result from this reor-
ientation. Whereas lipid can be added to HS red cells
in obstructive jaundice with a proportional increase in
membrane surface area, such an addition does not ap-
parently include the specific constituents necessary for a
normal subunit orientation. The lack of change in glu-
cose consumption and sodium efflux by HS red cells in-
cubated in obstructive jaundice serum in spite of an in-
crease in their membrane lipid content is consistent with
this view. On the other hand, the increased surface that
results from lipid addition allows the HS cell to tra-
verse better the splenic circulation. Moreover, it permits
more colloid osmotic swelling and therefore leads to a
decreased autohemolysis.

The transient decrease in osmotic fragility and increase
in red cell cholesterol noted in our patient during an
episode of biliary obstruction was too brief to allow
studies of red cell survival. Diamond,2 however, recalls
two children with HS who, during an episode of obstruc-
tive jaundice, had a shift in their osmotic fragility curves
to normal and a remission from their hemolytic anemia,
with return of hemoglobin and reticulocytes to normal
levels. The transfusion studies reported herein confirm
these observations and serve to emphasize the relation-
ship between the shape and survival of red cells in
hereditary spherocytosis.
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