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The osmotic fragility of erythrocytes is known
to undergo alterations when whole blood is incu-
bated under aseptic conditions for 24 hours. The
osmotic fragility of spherocytes increases consid-
erably ( 1 ). Normal erythrocytes undergo a
slight increase in fragility (2) and by contrast the
osmotic fragility of leptocytes and certain other
erythrocytes (3) is decreased. The sequence of
events associated with this divergent change and
the factors which influence it are the subjects of
this study.

Under certain circumstances the normal eryth-
rocyte may behave as an osmometer (4). Though
not implying "rupture" of the erythrocyte (5),
osmotic lysis occurs when the red cell volume in-
creases to a critical value (6, 7). In in vitro sys-
tems, the degree of osmotic lysis which may oc-
cur is affected by pH, temperature, and tonicity
(8) of the surrounding medium. If these vari-
ables are held constant, then alterations in the os-
motic fragility of the incubated erythrocytes would
reflect changes in their milieu interne which re-
sult from metabolic activity during incubation.

Abnormality of shape or volume of erythrocytes
or both is presumed to alter their osmotic fragility
by virtue of altering the span between the initial
volume and the critical hemolytic volume of the
cell (6, 7, 9). However, abnormal cell geometry
does not, by this means, account for the apparent
paradoxical response of the osmotic fragility of
leptocytes to incubation. If the initial direction
of change in the osmotic fragility of incubated
leptocytes were abnormal, an abnormality of eryth-
rocyte metabolism would be suggested. If the
initial change in osmotic fragility were normal but
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the timing of sequential events were abnormal, as
suggested by earlier observations at 24 and 48
hours of incubation (3), an alternate explanation
would be needed.

A preliminary report of this work has been
published (10).

METHODS

The cyanmethemoglobin method, Wintrobe hematocrit
(11), and Coulter electronic cell counter (12) were used
to determine, respectively, the hemoglobin concentration,
volume of packed red cells, and red cell count of whole
blood. Isotonic and hypotonic solutions of "saline" were
prepared to contain sodium chloride and sodium phos-
phate and were buffered at pH 7.40, as described by Par-
part and co-workers (8) and by Dacie (13). The
tonicity of a given solution was recorded as the per cent
of sodium chloride to which it was osmotically equivalent.
For quantitative osmotic fragility determinations, 10 to
15 ml of venous blood was taken in a dry, sterile syringe
and defibrinated in a sterilized 125-ml Erlenmeyer flask
closed by a screw cap or a cotton plug. From this flask,
by using aseptic technic, aliquots of about 0.1 to 0.2 ml
were transferred to a small test tube immediately after
defibrination (zero time) and after stated periods of in-
cubation. Incubation was carried out at 370 C, without
shaking, in a warm air incubator. Oxygen was available
from room air at an average atmospheric pressure of 655
mmof mercury. Without delay, 0.02 ml of blood from
the small test tube was added to 5.0 ml of each specified
isotonic or hypotonic solution, mixed by inversion, and
allowed to stand 30 minutes at room temperature (21° to
25° C) to undergo osmotic lysis. After centrifugation at
40 C to separate non-hemolyzed cells and ghosts, the
supernate was decanted and its optical density was de-
termined at 540 m,0. The osmotic hemolysis in specified
hypotonic solutions and the non-osmotic hemolysis of the
aliquots were calculated as follows:

Osmotic hemolysis in tonicity t = (O.D.) - (O.D.)

Non-osmotic hemolysis = (O.D.)i
(O.D.),

where (O.D.) , is the optical density of the tube con-
taining 0.02 ml blood in 5.0 ml isotonic "saline," 1 (O.D.).

1 When anemia was present, 4.0 ml rather than 5.0 ml
diluent was used in all tubes.
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TABLE I

Hematological data *

Diagnosis Patient VPRC MCV MCHC

ml/100 c." g/100 ml
ml RBC

P-1 25 66 26
P-2 29 62 26

Iron deficiency P-3 21 74 23
anemia P-4 31 71 29

P-5 17 52 24
P-6 35 65 25

P-16 33 64 31
Hereditary P-17 44 69 31
leptocytosis P-18 34 70 30

P-19 43 59 33

Hereditary
non-spherocytic P-30 31 89 31
hemolytic anemia

Hereditary P-31 50 75 37
spherocytosis

* Abbreviations: VPRC, volume of packed red cells; MCV, mean
corpuscular volume; MCHC, mean corpuscular hemoglobin concen-
tration.

is the optical density of the tube containing 0.02 ml blood
in 5.0 ml distilled water, and (O.D.)t is the optical den-
sity of the tube containing 0.02 ml blood in 5.0 ml speci-
fied hypotonic "saline."

The pH of the hypotonic solutions, after hemolysis oc-
curred, was 7.40 + 0.05, as measured with a Beckman
model H2 pH meter.
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Clinical material. Osmotic fragility studies were per-
formed on 12 normal subjects and on 31 patients. Fifteen
of the patients had iron deficiency anemia; 14 had heredi-
tary leptocytosis (thalassemia minor) with increased
values for HbA.; one patient, previously splenectomized,
had hereditary spherocytosis; and one had hereditary
non-spherocytic hemolytic anemia of the type described
by Valentine, Tanaka and Miwa (14, 15), namely, a

deficiency of the erythrocytic enzyme pyruvic kinase.
Because of limitations of space and because of the simi-
larities in the results within each group, studies will not
be presented on all subjects and patients. The pertinent
hematologic values on the patients on whom data are

presented are given in Table I.

RESULTS

Normal erythrocytes

Influence of the tonicity and period of incuba-
tion on the osmotic fragility. The changes in the
osmotic fragility of the erythrocytes of a single
normal subject at various tonicities of solutions
after 0, 24, 36, 48, and 72 hours of incubation are

given in Figure 1.
After the first 24 hours of incubation there was

an increase in fragility at all tonicities. During
the next 24-hour period there was a decrease in
fragility in the lower tonicities (less than 0.50 per

o.9o 0.75 045 a30 a1s aoo

Rer Cent 'fSfa/e"
FIG. 1. OSMOTICFRAGILITY OF THE ERYTHROCYTESOF A NORMALSUBJECT

(S-i) AT VARIOUS TONICITIES OF SOLUTIONSAFTER 0, 24, 36, 48, AND 72 HOURS
OF INCUBATION. The control curve before incubation (broken line) is
reproduced in each section for reference. The 0.45 per cent "saline" points
are marked by 0 and 0 so that the sequential changes at this tonicity can

be followed.
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FIG. 2. OSMOTIC FRAGILITY IN 0.45 PER CENT "SA-
LINE" OF THE ERYTHROCYTESOF A NORMALSUBJECT (S-1)
AS A FUNCTION OF THE TIME OF INCUBATION. Non-os-
motic hemolysis (broken line) determined on the same

samples is also shown.

cent "saline") but an increase at higher tonicities
(0.55 to 0.85 per cent). Finally, between 48 and
72 hours of incubation, there was an increase at
all tonicities as compared with the fragility before
incubation. This reversal in the direction of the
change in osmotic fragility of normal erythrocytes
can be best seen by following the changes in 0.45
per cent "saline" with time (Figure 1).

The changes in osmotic fragility of erythrocytes
in 0.45 per cent "saline" at successive 3-hour pe-

riods of incubation are plotted in Figure 2. An
orderly progression of increasing (phase I), then
decreasing (phase II), and finally increasing
(phase III) fragility was found. This fluctua-
tion was well beyond the experimental error of the
observations, and a smooth curve could be drawn
through the points, revealing a cyclic pattern. In
some but not all instances there was a slight de-

dine in osmotic fragility during the first 3 hours
of incubation (Figure 2).

Cyclic changes in the osmotic fragility with in-
cubation. Cyclic changes of the nature described
above were found in all 12 of the normal subjects
studied. The changes in erythrocyte osmotic
fragility of four of the subjects are presented in
Figure 3.

There was some variation in the amplitude or

period of the cycle from individual to individual
but the curve was reproduced well in a subject
studied twice over a period of 2 months (Figure
3,D). In general, in 0.45 per cent "saline" there
was a four fold increase in osmotic fragility in
the first phase of the cycle, reaching a maximum
value after 18 to 24 hours of incubation. The
second phase of the cycle, starting at the first in-
flection point, was marked by a fall in osmotic
fragility to about one-half to two-thirds of the
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FIG. 3. OSMOTIC FRAGILITY OF THE ERYTHROCYTESOF
FOUR NORMALSUBJECTS IN 0.45 PER CENT "SALINE" AS A

FUNCTION OF THE TIME OF INCUBATION. A, Subject S-2;
B, Subject S-3; C, Subject S-4; D, Subject S-5. The
results of two studies performed two months apart on

Subject S-5 (D) are shown to demonstrate the repro-
ducibility in a given individual.
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OSMOTICFRAGILITY OF ERYTHROCYTES

maximum value. After 36 to 48 hours of incuba
tion, after the second major inflection point, thi
third phase began and was characterized by a con
tinuous increase in osmotic fragility. During th4
first phase there was a negligible loss of cells du(
to non-osmotic hemolysis (Figure 2). In the
second phase the loss was small and insufficient t
account for the change in osmotic fragility even i
one were to assume selective removal of the mos
fragile cells by non-osmotic factors. During the
third phase, non-osmotic hemolysis increased and
reached values of about 30 per cent after 72 hourE
of incubation.

Relationship between tonicity and cyclic changes
The cyclic changes in osmotic fragility after in-
cubation were fully revealed in hypotonic solu-
tions which produced between 10 and 90 per cent
hemolysis of the unincubated cells (Figure 4).
Other tonicities produced too little or too much

0 2 24 36 48 60 72 0 s2 24 36 48 60 7

FIG. 4. OSMOTIC FRAGILITY OF THE ERYTHROCYTESOF

FOUR NORMALSUBJECTS AS A FUNCTION OF THE TIME OF

INCUBATION AND THE TONICITY OF THE SOLUTION. A,
Subject S-6; B, Subject S-7; C, Subject S-i; D, Sub-
ject S-3. The curves in 0.60, 0.45, 0.40, and 0.30 per
cent "saline" are given for each subject.
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TABLE II

Effect of glucose, adenosine, and fluoride on the time of
occurrence of the nadir of the osmotic fragility curve of

normal erythrocytes

Hours of incubation at nadir

No
Subject additive Glucose Adenosine Fluoride

8 pmole/ml 10 Mmole/ml 50
Jumole/ml

S-1 50 46 40 5
S-2 32 > 75*
S-3 40 50 65 6
S-4 44 72t
S-5 35 40 47 6
S-6 33 5
S-7 54 56 68 6

* 21.4,umole/ml.
t 16.6 jmole/ml.

hemolysis to make clear the cyclic changes.
Within the range of suitable tonicities, the first
phase was shown to advantage in 0.45 per cent
"saline" since the hemolysis of unincubated cells
was sufficiently low to permit demonstration of
the increase in fragility during the first 24 hours
of incubation. Even when the first phase was not
demonstrated in 0.30 per cent "saline," the sec-
ond and third phases were evident. Cyclic changes
were not demonstrated with normal incubated
erythrocytes in 0.60 per cent or higher tonicities of
"saline."

From subject to subject, for a given tonicity,
the position and amplitude of the curve on the
graph varied somewhat, according to the median
osmotic fragility of the unincubated erythrocytes
(Figure 4,A and C). In some individuals the de-
cline from the maximum fragility was gradual or
delayed (Figure 4,B). The probable basis for
this observation will be discussed later.

Effect of the addition of glucose, adenosine, and
fluoride on the cyclic changes. The addition of
glucose to the incubation flask did not affect the
first phase of the cycle but delayed the onset of
the second phase and reduced its slope so that the
nadir (second inflection point) occurred later than
it would otherwise (Table II). Sixteen to 20
ptmole glucose per ml blood was sufficient to delay
the nadir to 72 hours of incubation or later; 8
Mmole per ml delayed the nadir by 5 to 10 hours
but still allowed the third phase to occur prior to
72 hours of incubation. The effect of adenosine
was similar to that of glucose (Table IT; Figure
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loC Because of the reduced osmotic fragility of the
--- q/O < fresh erythrocytes, it was necessary to use 0.40

0af 00° \ | d per cent "saline" rather than 0.45 per cent to dem-
onstrate the complete cycle. The differences be-
tween the response of these cells and the normaldo \0 8were: 1) a lesser degree of hemolysis at a given

.A E / \ \ l | concentration of "saline" (transposition of the
EAdenosine curve toward the abscissa); 2) greater prominence
> Iz | V ,t | of the second phase with the value at the second

0 60 I # \ >_vO inflection point (nadir) being less than that of
Q unincubated erythrocytes; and 3) shortening of

I # \ the period of the cycle so that the first and second
inflection points occurred earlier. The last two dif-

tU | I .Y/ boAdditzre | ferences distinguish the osmotic fragility of the in-40p I cubated iron-deficiency erythrocytes from the nor-
I I mal, even when the fragility of the iron-deficiency
I erythrocytes was within the normal range prior

to incubation (Figure 6,C and D).
I:/Hereditary leptocytosis. The erythrocytes from

20 - | 7ceozide patients with hereditary leptocytosis (thalassemia
IIe
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I0 80X0~~~~~~~~~~~~~~~~

22 24 36 48 60 7t7.
frouerssr/60 60

FIG. 5. THE INFLUENCE OF ADENOSINE AND OF FLUO- /
RIDE ON THE OSMOTICFRAGILITY OF NORMALERYTHROCYTES 40 I 40
AS A FUNCTION OF THE TIME OF INCUBATION. The toni- /
city of the solution was 0.40 per cent "saline." Blood S\
from Subject S-5 was incubated with adenosine, 10 /Amole J 20 o20I
per ml; with sodium fluoride, 50 Amole per ml; or, with-
out an additive. 0 ,

5). Fluoride, on the other hand, had the opposite 8
effect. The first phase was either abolished or ........

...........
......

greatly abbreviated. The second and third phases .. ......
.0i60 .......were unaffected, although they occurred much ear- 60 60:...0

hier than otherwise (Table II; Figure 5). At
concentrations ranging from 6 to 70 Mtmole of so- 40 / 40
dium fluoride per ml blood in the incubation flask, \
the nadir occurred at about 5 to 6 hours; at 3 20 V 20
Mmole per ml, the nadir occurred at 12 hours and
the second phase was less prominent. . _IC.___

0 12 24 364860 72 0 12 24 36 48 60 72
,foc zcse .h-octHpsP

Abnormal erythrocytes FIG. 6. OSMOTICFRAGILITY IN 0.40 PER CENT "SALINE!'
Iron deficiency. Erythrocytes from patients OF THE ERYTHROCYTESOF FOUR PATIENTS WITH IRON DE-
withirondyaaee tFICIENCY ANEMIA AS A FUNCTION OF THE TIME OF INCU-

Setudies BATION. A, Patient P-i; B, Patient P-2; C, Patient P-3;
changes observed in normal erythrocytes. Studies D, Patient P-4. The range of values for normal subjects
on 4 of the 15 subjects are presented in Figure 6. is represented by the stippled area.
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OSMOTICFRAGILITY OF ERYTHROCYTES

minor) also exhibited a cyclic pattern in osmotic
fragility after incubation (Figure 7). The ex-
tremely low values reached at the second inflection
point (nadir) contrasted with the behavior of
normal cells both at the tonicity illustrated (0.40
per cent "saline") and at the higher tonicities.
Thus, the second phase of the cyclic pattern was
greatly accentuated. In comparison with erythro-
cytes from patients with iron deficiency, the curve
was displaced further toward the abscissa in 0.40
per cent "saline." As a result, the fact that the
value of the nadir was lower than in the unincu-
bated cells was somewhat obscured. In a more
hypotonic solution, such as 0.30 per cent "saline"
(Figure 8,A and B), the difference between the
osmotic fragility of incubated normal cells and in-
cubated cells from patients with iron deficiency
anemia or hereditary leptocytosis was shown to
advantage.

0 2 24 36 48 60C 0 12 24 36 48 6O 7i
-n zersT _Yo[sa

FIG. 7. OSMOTICFRAGILITY IN 0.40 PER CENT "SALINE"
OF THE ERYTHROCYTESOF FOUR PATIENTS WITH HEREDI-

TARY LEPTOCYTOSIS (THALASSEMIA MINOR) AS A FUNC-

TION OF THE TIME OF INCUBATION. A, Patient P-16; B,
Patient P-17; C, Patient P-18; D, Patient P-19. The
range of values for normal subjects is represented by the
stippled area.

JiocIzr,.
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FIG. 8. OSMOTIC FRAGILITY AS A FUNCTION OF THE
TIME OF INCUBATION. A. ERYTHROCYTESOF A PATIENT
WITH IRON DEFICIENCY ANEMIA IN 0.30 PER CENT "SA-
LINE." B. ERYTHROCYTESOF A PATIENT WITH HEREDI-
TARY LEPTOCYTOSIS IN 0.30 PER CENT "SALINE." C.
ERYTHROCYTESOF A PATIENT WITH HEREDITARY NON-
SPHEROCYTICHEMOLYTIC ANEMIA IN 0.40 PER CENT "SA-
LINE." D. ERYTHROCYTESOF A PATIENT WITH HEREDI-
TARY SPHEROCYTOSISIN 0.60 PER CENT "SALINE." In each
diagram, the range of values for incubated normal eryth-
rocytes in that solution is represented by the stippled
area. A, Patient P-2; B, Patient P-19; C, Patient P-30;
D, Patient P-31.

Hereditary nont-spherocytic heniolytic anemia.
In a single patient with hereditary non-sphero-
cytic anemia (Figure 8,C) due to pyruvic kinase
deficiency, the first phase of the cycle was com-
pleted more rapidly than in any other type of
erythrocyte studied. In other regards the curve
was similar to that obtained with erythrocytes
from patients with iron-deficiency anemia.

Hereditary spherocytosis. The incubated os-
illotic fragility curve in a patient with hereditary
spherocytosis (Figure 8,D) was quite different
from the normal when both were tested in 0.60
per cent "saline." However, in hereditary sphero-
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TABLE III

Effect of adenosine, glucose, and fluoride on the time ofoccurrence of the nadir of the osmotic fragility of abnormal
erythrocytes

No With
addi- addi-Additive Disorder Patient tive tive

hrs hrs
Adenosine, Iron deficiency P-5 30 5410 pmole/ml anemia
Adenosine, Iron deficiency P-2 24 4421 pmole/ml anemia
Adenosine, Iron deficiency P-16 34 >7221 Mmole/ml anemia
Adenosine, Hereditary leptocytosis P-18 34 >7625 pumole/ml
Glucose, Hereditary sphero- P-31 33 4617jumole/ml cytosis
Fluoride, Hereditary sphero- P-31 33 < 150 tmole/ml cytosis
Fluoride, Hereditary non-sphero- P-30 18 560jumole/ml cytic hemolytic anemia

cytosis studied in 0.60 per cent "saline," the curve
resembled that of normal erythrocytes studied at
a lower tonicity (Figure 3). The presence of the
second phase, normal in proportion, contour, and
value at the nadir, relative to the hemolysis of un-
incubated red cells, is of special interest.

Effect of the addition of glucose, adenosine,
and fluoride on the cyclic changes. Abnormal
erythrocytes responded to the addition of glucose,
adenosine, and fluoride (Table III) as did normal
cells, with one exception. When fluoride was
added to the cells from the patient with hereditary
spherocytosis, the effect was greatly exaggerated.
The slope of the second phase was increased to
even a greater extent than in normal cells (Fig-
ure 5), and the nadir was reached in 1 hour or
less rather than in 5 to 6 hours. The third phase
was virtually completed after 4 hours of incubation.

DISCUSSION

Normal and abnormal erythrocytes exhibited a
three-phase, cyclic pattern of change in osmotic
fragility during aseptic incubation, rather than
one which was unidirectional, as suggested by
conventional observations made after 24 hours of
incubation. Abnormal erythrocytes were distin-
guished by alterations in the period of the cycle,
the amplitude of the second phase, or the tonicity
at which maximum amplitude was observed.

The first phase of the cyclic pattern appeared
to be dependent on continuing glycolysis. It was
abolished by the addition of fluoride in amounts

which inhibit glycolysis, and it was abbreviated
in pyruvic kinase deficiency. Conversely, addition
of glucose or adenosine in sufficient quantity pro-
longed the terminal portion of the first phase and
replaced the first inflection point with a plateau.
The means by which glycolysis produced this al-
teration was not investigated. The accumulation
of lactic acid and a fall in intracellular pH might
be one explanation. Others have reported an ac-
cumulation of cation and an increase in mean cell
volume (16) during the first 24 hours of incuba-
tion. These changes probably reflected the same
phenomena measured by the osmotic fragility.

The slight decline in osmotic fragility duringthe first 3 hours observed in some but not all
instances might be the result of an increase in in-
tracellular pH even though the cells were diluted
251 times by the addition of buffered medium.
This rise in pH may have resulted from the re-
lease of ammonia which is known to occur soon
after blood is withdrawn.

The second phase of the cycle was probably due
to the cessation of glycolysis. The early appear-
ance of the second phase after the addition of
fluoride to the incubation flask and the delay of
the second phase brought about by the addition of
glucose support this contention. Temporally, the
second phase coincided with a period of rapid loss
of potassium from the incubated erythrocytes and
a decrease in the mean cell volume (16, 17). Glu-
cose has delayed the onset of potassium loss (16,18) and fluoride has advanced it (19-22). This
suggests that in the initiation of the second phasethe sequence was: the cessation of glycolysis,rapid loss of intracellular potassium and then wa-
ter, a decline in cell volume, and a consequent de-
crease in osmotic fragility.

The reduced slope of the second phase and the
delay in the occurrence of the nadir noted in some
normal subjects (Figure 4,B) may have been due
to variations in the blood sugar at the time samples
were obtained.

The increase in osmotic fragility in the third
phase was accompanied by a significant increase
in non-osmotic hemolysis. Both of these events
may be associated with the fall in the concentration
of adenosine triphosphate which follows upon the
cessation of glycolysis (23, 24). Apparently the
permeability of the red cell membrane is altered
when glycolysis ceases (25).
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Both glucose and fluoride bring about an in-
crease in osmotic fragility about 12 to 18 hours
after their addition to the incubation flask. The
effects may be distinguished as a late first-phase
phenomenon in the case of glucose and a third-
phase event in the case of fluoride, on the basis
of the non-osmotic hemolysis which is proportion-
ately small in the case of glucose and proportion-
ately large in the case of fluoride.

In these studies the effect of added adenosine
was similar to that of glucose in increasing os-
motic fragility of erythrocytes incubated in their
own serum. This contrasts with observations on
washed erythrocytes incubated in phosphate buf-
fer at 370 C (26) and on erythrocytes stored at
40 C in their own plasma (23). The differences
in the experimental conditions cited probably ac-
count for this contrast.

The results we have discussed reflect the mean
changes for a population of erythrocytes of all
ages. However, a relationship between the age
of erythrocytes and their resistance to hypotonic
lysis has been described (27). The absence of a
distinct three phase cyclic change in normal eryth-
rocytes at tonicities greater than 0.50 per cent
"saline" might be the result of the oldest erythro-
cytes exhibiting only a single phase. The oldest
cells are most susceptible to hypotonic lysis and
might respond with the equivalent of a third phase
change alone.

The changes in osmotic fragility after 24 hours
of incubation which characterize certain abnormal
types of erythrocytes can be interpreted in the
light of these observations.

In hereditary spherocytosis the cyclic pattern
was normal in configuration and amplitude and
was equivalent to the pattern from normal eryth-
rocytes simply transposed from 0.45 per cent "sa-
line" to 0.60 per cent "saline" as the test solution.
This suggests that, in this disorder, geometrical
considerations of the spherocyte as an osmometer,
rather than metabolic abnormalities during incu-
bation, underlie the altered osmotic fragility. Sig-
nificantly, spherocytes did not pursue a relentless
course of increasing osmotic fragility but, in the
interval between 24 and 36 hours of incubation,
exhibited the second phase, that is, decreasing os-
motic fragility, as did normal erythrocytes. On
the other hand, differing from the normal, the non-
osmotic hemolysis of incubated spherocytes (so

called, autohemolysis) was increased. Whereas
glucose reduced the non-osmotic hemolysis, it did
not reduce the osmotic hemolysis.

The apparently paradoxical response of lepto-
cytes after incubation (3) was found to be part
of the normal cyclic pattern. Leptocytes exhibited
an accelerated pattern, displaced to a lower than
usual tonicity, and notable for accentuation of the
second phase. As a result, after about 24 hours of
incubation, the osmotic fragility of leptocytes in
0.40 per cent and particularly in 0.30 per cent
"saline" was near a minimum value and was less
than the pre-incubation value. The leptocytes had
already passed through and beyond the point of
maximum osmotic fragility which would only then
be achieved by normal erythrocytes. Thus, the
net decrease in the osmotic fragility of leptocytes
(3, 17) and erythrocytes from some cases of
hereditary non-spherocytic hemolytic anemia (16)
incubated for 24 hours was not the result of a
fundamentally different mechanism, even though
the result contrasted sharply with the behavior of
normal cells.

The early occurrence of the second phase may
not have the same basis in cases of hereditary lep-
tocytosis, iron deficiency anemia, and the form of
hereditary non-spherocytic hemolytic anemia due
to pyruvic kinase deficiency. With regard to gly-
colysis, early occurrence of the second phase might
result from a low blood sugar, low intra-erythro-
cytic glucose, diminished entry of glucose into the
erythrocyte from the serum, accelerated utilization
of available glucose, or faulty metabolism of glu-
cose. The last mentioned probably applies to the
patient with pyruvic kinase deficiency. There is
no evidence to relate the other possibilities to
erythrocytes from iron deficiency anemia or heredi-
tary leptocytosis. As an alternative, one may re-
late early occurrence of the second phase to the
ease with which equilibrium is established between
the intra-erythrocytic and extra-erythrocytic ca-
tion pools, once the metabolic mechanism for
maintaining a high intra-erythrocytic potassium
concentration is exhausted. Erythrocytes with
the greater surface-area-to-volume ratio (9) would
reach equilibrium more rapidly than those with
a lower ratio. According to this view, leptocytes
would be expected to lose potassium and water
and reach equilibrium with serum potassium con-

centration more rapidly than would normal eryth-

1773



A. HAUT, G. R. TUDHOPE, G. E. CARTWRIGHTAND M. M. WINTROBE

rocytes or spherocytes. Cation loss would pro-

ceed rapidly so that maximal change in mean cell
volume and reduction in osmotic fragility could
occur before the opposing forces of the third phase
act to increase osmotic fragility once again.

It would seem fortunate that 24 hours of incu-
bation was selected to differentiate the osmotic
fragility of abnormal erythrocytes in the classical
incubated osmotic fragility test. At 12 hours of
incubation, normal and leptocytic cells would not

be differentiated and at 36 hours of incubation the
difference between normal cells and spherocytes
would probably be obscured (3).

SUMMARY

1. Normal and abnormal erythrocytes, during
aseptic incubation at 370 C in their own serum

over a period of 72 hours, underwent a three-
phase, cyclic change in osmotic fragility.

2. Normally, the first phase, characterized by

increasing osmotic fragility, occurred during the
first 24 hours; the second phase, in which fragility
decreased, occurred in the next 24 hours; the third
phase, a return to increasing fragility, followed in
the next 24-hour period.

3. The amplitude of the cyclic change depended
upon the tonicity in which the osmotic fragility
was determined. Abnormal erythrocytes exhibited
changes in the period of the cycle, the amplitude
of the cycle, or the tonicity at which maximum
amplitude was observed.

4. The addition of glucose or adenosine to the
incubation serum delayed the onset of the second
phase; fluoride abolished the first phase and ad-
vanced the occurrence of the second phase.

5. It is postulated that the first phase may be
due to continuing glycolysis, the second phase to

erythrocytic cation loss upon cessation of glycoly-
sis, and the third phase to depletion of erythrocytic
adenosine triphosphate. It is also suggested that
the variations in osmotic fragility o1)served after
incubation of spherocytes, leptocytes, and iron de-
ficiency erythrocytes are related to the ratio of
surface area to volume of each of these cell types.
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