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This study demonstrates that the density of
human erythrocytes increases with age and that
cell populations with different mean ages can be
isolated on the basis of this density gradient. The
data suggest that the concentration of Fe59 in the
bottom layer of centrifuged erythrocyte specimens
may be used to estimate the mean life span of
ageing cells.

METHODS

Six to ten microcuries of Fe were administered intra-
venously to eight hematologically normal subjects who
had various chronic diseases (Table I). Five of the
subjects received Fe iron globulin complex ' and three
received Few ferrous citrate1 that had been incubated
with the subject's plasma or whole blood before injection.
Specific activity of both preparations was 0.5 to 1.5 mC.
per mgm. at the time of administration. One subject
(C.A.) 2 also received 100 ,uC. of Cr' (1).
Twenty ml. heparinized blood specimens were drawn

at the intervals indicated in Figure 1 and centrifuged in
10-ml. plastic tubes for 40 minutes at 3,000 RPM (ap-
proximately 2,000 G.). The tubes were placed in an
alcohol-dry ice freezing mixture for a few minutes and
were then cut 1 to 2 mm. below the plasma-erythrocyte
interface. The bottom portions containing the frozen
erythrocytes were cut into four equal sections. The
radioactivity of thawed aliquots from each section was
measured in a well-type scintillation counter with a Ti-
activated NaI crystal and expressed as counts per second
per ml. of erythrocytes. The Fe'3 and Cr' activity in
specimens from C.A. were measured separately by dif-
ferential pulse height analysis (1). Correction for iso-
tope decay was based on the radioactivity of standards
which were prepared from the injected material and
counted with each blood specimen. The standard error
of the counting procedure was less than + 2 per cent for
most specimens and less than ±4 per cent for the low
activity specimens.

lFe iron "IV-7 globulin" complex and Fe!' ferrous
citrate were obtained from Abbott Laboratories, Chicago,
Illinois.

2 Subject C. A. and a patient with non-spherocytic he-
molytic anemia were studied in co-operation with Dr. I.
M. Weinstein. Data from this and other patients with
hematological abnormalities will be reported separately.

The proportion of erythrocytes discarded with the
plasma (8 ± 2 per cent) 8 was calculated from the total
hemoglobin in plasma and erythrocyte sections of four-
teen specimens.
Fe activity in unseparated whole blood erythrocytes

was determined in twenty specimens from five subjects
by counting aliquots of whole blood and dividing by the
aliquot volume and hematocrit.

RESULTS

Fe59 concentration was highest in the top layer
and lowest in the bottom layer of erythrocyte
specimens drawn during the first 15 days after ad-
ministration of the isotope. The concentration de-
creased in the top layer and increased in the bot-
tom layer of specimens drawn between the 15th
and 90th days, and this trend reversed between the
90th and 150th days (Figure 1). The extremes of
individual variation are illustrated by subjects S.I.
and R.I. The systematic nature of the changes

TABLE I

Clinical data

Subject Sex Age Clinical diagnosis

C. A. F 54 Hypertensive cardiovascular
disease. Cerebral vascular
accident.

C. E. M 66 Hypertensive cardiovascular
disease. Cerebral arterio-
sclerosis.

S. I. M 64 Stasis dermatitis. Arterio-
sclerotic heart disease.

A. R. M 56 Arteriosclerotic heart disease.
Osteoarthritis of the spine.

G. E. M 62 Rheumatic heart disease.
B. U. M 59 Hypertensive cardiovascular

disease. Arteriolar nephro-
sclerosis. Cerebral vascular
accident.

R. I. M 58 Peripheral neuritis. Cerebellar
degeneration. Duodenal
ulcer.

0. C. M 58 Hypertensive cardiovascular
disease. Cerebral vascular
accident.

s Data reported in this manner represent the mean and
standard deviation.

676



FE9 TAGGED ERYTHROCYTES IN CENTRIFUGED SPECIMENS

6O.C.

0

I-I 1 I I I 1 1 1
30 60 90

DAYS

RFL

0L II II I I I I I I I I I
30 60 90 120 150 I80

DAYS

MO _ CE.

0 *~~~~~~0

15E

I I I I lI I --I I I I I I I II
0U 60 9U I20

DAYS
150 18(

FIG. 1. THE Ffl CONCENTAION IN THE TOP AND BoTToM LAYEIs oF ERYTHROCYTES FROM CENTRiFUGED BLOOD
SPECnMENS PuoT'D AGAINST TIME IN 1DAYS Arm ADMINISTRAION OF THE IsOTOPE

The mean Fe" concentration in the four layers of erythrocytes is also plotted against time.

in isotope distribution with time is demonstrated
in the logarithmic graph of the ratio

Top layer Fe59
Bottom layer Fe"9

(Figure 2). This ratio decreased progressively
during the first 80 to 130 days and then increased
to a second maximum slightly greater than unity
after 130 days.

In almost all specimens the Fe59 concentration
in the middle layers was intermediate between that

in the top and bottom. However, the concentra-
tion was slightly higher in the middle layer than
in either the top or bottom of specimens from
three subjects drawn between the 40th and 55th

days, when the ratio Bottomlayer FeF"9 was near

unity.
The mean Fe5' concentration in the separated

erythrocyte layers approximated the concentration
in the unseparated whole blood erythrocytes of the
same specimens, except in the initial specimens
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FIG. 2. LOGARITHMIC GRAPH OF THE RATIO

ToP LAYER FE
BOTTOM LAYER FE6

PLOTTED AGAINST TIME IN DAYS AFTER ADMINISTRATION
OF THE ISOTOPE TO EIGHT SUBJECTS

where a significant proportion of the isotope was

in cells discarded with the plasma. The ratio be-
tween mean concentration in erythrocyte layers
and concentration in unseparated whole blood
erythrocytes was 0.82 + 0.06 in five of the initial
specimens and was 1.00 + 0.06 in ten specimens
drawn between the 20th and 41st days.
The mid-point of the isotope appearance curve

was 4 to 6 days when calculated by extrapolation
from the mean Fe59 concentration in the separated
layers, and was 4 days when calculated from the
concentration in whole blood specimens of five
subjects.

DISCUSSION

Previous investigators have shown that Fe5'
incorporation is limited to immature cells of the
erythrocyte series (2, 3) and that Fe59 tagged cells
which appear in the circulation during the first
five days after administration of the isotope to
humans or rats have a relatively low density
(4-6). Since there is probably no significant iron
exchange in mature erythrocytes (7, 8), the
change in relative density of Fe5 tagged cells may
be followed throughout their life span.

This study confirms the fact that Fe59 tagged
cells have a relatively low density when they first
appear in the circulation. The increasing propor-
tion of Fe59 in the bottom layer of centrifuged
specimens drawn during the second half of their
expected life span (9, 10) suggests that their
relative density increases progressively with age
but there is considerable individual variation in
the magnitude of this change.' Several investi-
gators have utilized the relatively low density of
reticulocytes to obtain concentrated specimens of
these young cells (11-15). The present data in-
dicate that the density gradient can be used to
separate populations of mature cells with dif-
ferent mean ages from single specimens of nor-
mal human erythrocytes.
The decrease in Fe59 concentration in the bot-

tom layer of specimens drawn 90 to 150 days
after administration of the isotope is consistent
with the expected time for the disappearance of
senescent cells (9, 10). Since this decrease is
followed by a period of relatively slight change
when Fe59 concentration in the bottom layer is
similar to that in the top layer, the mid-point of
this decrease may be used to estimate the mean
survival time (5) of tagged cells in the bottom
layer. As the survival time of senescent cells is
equivalent to potential life span (10), and senes-
cent tagged cells are apparently concentrated in
the bottom layer, an estimate of mean survival
time of the cells in this layer may be considered an
approximation of mean potential life span. The
mean "potential" life span thus calculated from
the mid-point of the original isotope appearance
curve to the mid-point of the decrease in isotope
concentration in the bottom layer was 103, 119,
and 134 days, respectively, in subjects O.C., G.E.,
and S.I. One patient with non-spherocytic hemo-
lytic anemia had a shortened "potential" life span
of 52 days as well as a shortened Crp5 half-life
survival time of 16 days.2

4Individual variations may be related to the magnitude
of the gradient in density between cell populations of
different ages or to other physical factors influencing
their relative separability by centrifugation. Data from
unpublished experiments demonstrate that the difference
in density between the top and bottom layers of erythro-
cytes separated by this method is 8.3 ± 6.2 gm. per L.
(S.E. 0.92 gm. per L.; p < 0.001). Density was cal-
culated from the weight of known volumes corrected for
measured trapped plasma.
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SUMMARY

1. The distribution of Fe59 in the top, middle,
and bottom layers of centrifuged erythrocyte
specimens was determined at intervals after in-
travenous administration of the isotope to eight
hematologically normal subjects.

2. The Fe59 concentration was highest initially
in the top layer, increased in the bottom layer be-
tween the 15th and 90th day after administration
of the isotope, and then decreased in the bottom
layer after the 90th day.

3. The data indicate that the top, middle, and
bottom layers of centrifuged erythrocytes have

young, intermediate, and old mean cell ages, re-

spectively.
4. A simple method was suggested for esti-

mating the mean life span of ageing erythrocytes
from the changes in Fe59 distribution.

Addendum
The mean "potential" erythrocyte life span, calculated

as described above, was 115, 115, and 120 days, respec-

tively, in subjects C.A., C.E., and a previously unreported
hematologically normal subject. The mean value for six
hematologically normal subjects is 118 10 days.
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