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G RAY AND STERLING demonstrated that red cells can bind radioactive

sodium chromate ( Na2 Cr51O4 ) in vitro rapidly and without apparent

damage to the exposed cells.’ The chromium-51 labeling technic was rapidly

adopted for the measurement of total red cell volume and red cell life span.26

As an erythrocyte label it possesses the advantage that it is not reincorporated

after release from labeled cells. In addition, the method is simple, quick, and

versatile. However, the Cr5’ label disappears from the circulation at a more

rapid rate than can be accounted for solely on the basis of red cell destruction.

This phenomenon has been attributed to elution of the label from intact sur-

viving cells.

Evidence has been presented by several investigators that the rate of the

elution of Cr� is probably an exponential function.2’3’5 We have been able

to find 16 reported estimates of the elution rate based on independent measure-

ments of red cell life span with the Ashby technic and on a correct mathemati-

cal analysis.3’57 The reported range of elution rates is 0.57 to 1.28 per cent

per day in 12 normal individuals, and 1.0 to 1.51 per cent per day in four

patients with hemolytic disease. On the basis of this limited number of de-

terminations, an assumed elution rate of 0.9 to 1.0 per cent per day has fre-

quently been used in calculating red cell life span from Cr51 data. Since Cr5’

red cell survival studies are usually performed in patients who have hema-

tologic disease rather than in normal individuals, a larger number of de-

terminations of the chromium elution rate in disease states would be of value.

METHODS

The method of labeling red cells with Cr51 was that described by Sterling and Gray1

as modified by Read.8 Twenty ml. of freshly drawn venous blood were added to 50 to

100 jtc. of Cr5’ (approximate specific activity, 450 me/mg. ) in 10 ml. of ACD solution

in a siliconized vial,0 and shaken intermittently for 45 minutes at room temperature. One

hundred mg. of ascorbic acid in a volume of 0.2 ml. were added to the vial and a 20 ml.

aliquot of the labeled red cell suspension was removed for re-infusion into the patient.

Red cell life span curves were obtained following the intravenous administration of 100

ftc. of glycine-2-C’4 by methods previously described.9’10 The life span of the red cell
by the glycine method was taken as the time between one-half the maximal plateau value

on the ascending and descending limbs of the curve of specific activity versus time when

red cell life span was finite. When there was marked random destruction of erythrocytes,

the life span was defined as the inverse of the fraction destroyed per day (the half time
obtained from a semilogarithmic plot of red cell specific activity against time divided

by the logarithm02).
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Diisopropyffluorophosphate-32 (DFP32), specific activity 80-220 �tc./mg., in sterile
propylene glycol was administered intravenously in a single dose of 0.5 to 0.9 mg. Blood

samples were obtained three times the first week and at approximately weekly intervals

thereafter for at least 70 days. The plasma was separated and the red cells were washed

three times in cold isotonic saline, after which an approximately equal volume of saline
was added. The hematocrit of the red cell suspension was determined in quintuplicate and

1-mi. aliquots of the washed cells were pipetted in duplicate into disposable boats of

aluminum foil and dried at 70 C. The boats were then sealed in cellophane, wrapped

around a Geiger-Muller tube and counted. Maximum probable counting error was 3 per

cent. The counts per minute per ml. of red blood cells due to DFP32 were computed from

the activity of the red cell suspension and the hematocrit. When the decline in red cell

specific activity with time was linear, the life span was taken as the extrapolation to the

abscissa of the line obtained by the least squares method. When decrease in radioactivity
was exponential, the red cell life span was defined as the inverse of the fraction destroyed

per day.

CALCULATIONS

I. If the red cell life span is finite ( red cells are destroyed only when they become

senescent ) and if the elution of Cr51 from intact cells is exponential, then

-k t

( 1 ) N = N0 ( 1-t/T)e

Where N is the Cr51 counts per minute/mi. of red cell at any time t.

N0 is the Cr51 counts per minute/mi. of red cell at time zero.

T is the mean erythrocyte life span.

k, is the chromium5’ elution rate constant.
If T is known from an independent measurement of red cell survival, then ke can be

determined from the slope of the line of in against t.
i-t/T

If red cell life span is finite and if there is no significant elution of DFP32 from red
cells after the first few days following labeling, then

(2) N’ = N0’ (i-t/T)

Where N’ is the �32 counts per minute/ml. of red cell at any time t.

N0’ is the �32 counts per minute/mi. of red cell extrapolated to time zero from the linear
portion of the curve.

Dividing equation (1) by (2):

N N
(3) 0 e

N’ N0’

ke can be determined from the slope of the line of in (N/N’) as a function of time.

II. If red cell destruction is random and at a rate so rapid that all red cells are for
practical purposes destroyed before reaching a potential life span T, then

-(k +k ) t

(4) N = N0 e

where kd is the rate of random destruction of red cells and N and N0 are the previously

defined Cr5’ counting rates.

When randomly destroyed red cells are labeled with C’4-glycine or DFP32, the declining
portion may be approximated by

-k t

(5) N’ = N0’e d
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where N’ and N0’ are the counts per minute/mi. of red cells due to C’4 or to DFP�2 at any

time t and extrapolated from the declining portion to time zero, respectively. The difference

between the slope of the line in N versus time (equation 4 ) and the slope of the line in

N’ versus time ( equation 5 ) is thus ke.

III. When red cell destruction is partially random, but where there are a significant

number of red cells being destroyed by senescence, ke can be calculated from simultaneous

Cr51 and DFP�2 specific activities by the method of Eadie and Brown� where the slope

of the line in ( N/N’) against time is ke.

RESULTS

The calculated red cell Cr�’ elution rates in 38 patients with various hema-

tologic disorders are listed in table 1. The decision as to whether the red cell

life span was finite or whether there was random destruction of red cells was

made by visual inspection of the C’4-glycine specific activity curves.

In those patients with finite red cell life spans, two distinct patterns of Cr5’

elution were seen: 1 ) where the plot of N or of the ratio of Cr51 counts to
1-t/T

DFP32 counts ( N/N’ ) against time followed a single exponential from day 1 to

day 30-40; 2) where there was a biphasic curve with a rapid decrease from day

1 to day 10 or 12, and then a second more gradual decrease to day 30-40. This

curve could be resolved into two exponentially decreasing components. In 34

patients there was a single Cr5’ elution rate constant, and in four patients

( patients 9, 13, 17, and 19) there was a biphasic pattern. In the four patients

with two elution constants, between 81 and 92 per cent of the chromium eluted

at the lower rate constant.

There was good agreement between the chromium elution rates calculated

from C14-glycine data and those calculated from simultaneous DFP32 measure-

ments.

The observed range of elution rates ( single exponential ) was 0.62 to 2.27

per cent/day. There was no relationship between chromim elution rate and red

cell life span.

Excluding those patients in whom two Cr�’ elution constants were observed,

the mean Cr51 elution rate for the entire group was 1.29 per cent/day. If

this group is divided into those patients with red cell life spans of less than

100 days and those patients with red cell life spans greater than 100

days, the mean elution rate for the former group was 1.31 per cent/day and

for the latter group 1.26 per cent/day.

Three patients had determinations of the Cr5’ elution rate on two separate

occasions. In two of these individuals (patients 6 and 32) the chromium elu-

tion rates on the two occasions agreed within 5 per cent of the mean in each

patient. In patient 37, the Cr5’ elution constant was 0.75 per cent/day when

the red cell life span was 66 days, and 1.07 per cent/day when the mean

red cell survival was 79 days.

DISCUSsIoN

When the red blood cell life span is finite, the assumptions involved in the

calculation of the chromium elution rate from C’4-glycine data are: 1) that
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Patient
No. Disease

T
(days)

ke
(C’4-glycine)

k,
(DFP’2)

Erythrocyte
Survival

1 Chronic myelocytic 120 0.72 0.77 finite

82 1.98 - finite

111 1.87 - finite

finite

51 1.78 - finite

61 0.92 - finite

1.39

17.3, 1.35
1.78

1.26

0.74

18.7, 0.90

1.78

1.41

18.2, 0.34

1.05

16.9, 0.50

0.69

0.62

1.14

1.00

1.30

0.76

1.31

1.78
0.97

1.18

2.12

1.58

1.10

1.02

1.05

1.57

1.39

1.51

0.75

1.07

2.27

0.86

0.90

15.1, 0.44

0.63

1.07

1.07

1.82

60

35
100

65

19

37

33

35

127

114

106
42

79

73

66
79

99

33

34

35

36

37 #1
#2

Polycythemia vera

Myeloid metaplasia

Myeloid metaplasia

Myeloid metaplasia

Myeloid metaplasia

38 Idiopathic hypersplenism

data.

T: Mean red cell life span measured with C’4-glycine.

ke (C14-glycine): Cr51 elution rate in per cent/day calculated

cell survival data.
ke (DFP32): Cr51 elution rate in per cent/day calculated from DFP32 red cell survival

Table 1

66

leukemia

2 Chronic myelocytic

leukemia

3 Chronic myelocytic

leukemia
4 Chronic myelocytic

leukemia

5 Acute myelocytic

leukemia

6 #1 Acute myelocytic

leukemia

#2
7 Chronic lymphatic

leukemia

8 Multiple myeloma

9 Multiple myeloma

10 Multiple myeloma

11 Multiple myeloma

12 Multiple myeloma

13 Nlultiple myeloma

14 Multiple myeloma

15 Niultiple myeloma

16 NIultiple myeloma

17 Macroglobulinemia

18 Macroglobulinemia
19 Macroglobulinenlia

20 Macroglobulinemia

21 Macroglobulinemia

22 Niacroglobulineniia

23 Nlacroglobulinemia

and reticulum cell

sarcoma
24 NIacroglobulinemia

25 Nlacroglobulinemia

26 Hodgkin’s disease

27 Hodgkin’s disease

28 Hodgkin’s disease

29 Hodgkin’s disease

30 Hodgkin’s disease

31 Hodgkin’s disease

32 #1 Polycytheinia vera

#2

72 1.26 1.28

68 0.84

39 2.05

104

73

63

115

67

90

106

75

76

(DFPS2)

100

122

110

63

93

63

55

(DFP32)

- random destruction

- random destn,ction

finite

finite

finite

finite

finite

finite
finite

finite

finite with random

destruction

finite

finite

finite

finite
finite

finite

finite with random

destruction

random destruction
random destruction
finite

finite

random destruction

random destruction

random destruction

random destruction

finite

finite

finite

random destruction
random destruction
finite
finite

finite

finite

from C’4-glycine red
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red cells are destroyed only when they become senescent; 2 ) that red cell

life span can be determined with precision; 3 ) that there is no re-utilization of

the Cr5’ label; 4 ) that the elution of Cr51 from intact cells is an exponential

function. In the calculation of the Cr5’ elution rate from Cr51 and DFP32 data,

the major assumption is that the sole factor governing the difference in the

rate of decrease of the two labels is an exponential loss of Cr5’ from intact sur-

viving cells.

There may be some element of random destruction of erythrocytes in the

normal as suggested by the data of Eadie and Brown;5 however, this factor

is too small to alter significantly the calculated value of the chromium elution

rate.

There is inevitably some imprecision in the determination of red cell life span

with C’4-glycine because of the length of the labeling pulse, the persistence

and re-utilization of label, and scatter of red cell life spans around a mean.

However, the good agreement between the erythrocyte life span determined

with glycine and DFP32 � suggest that the estimation of mean life span (T)

is reasonably good. Further, the calculation of chromium elution rate is rela-

tively insensitive to moderate changes in T except when red cell life span is

very short.

The assumption that the released Cr5’ is not re-utilized is supported by data

Of several groups of investigators.3’5”3 Evidence has been presented by Nechles

et al.2 and by Eadie and Brown5 that the elution of chromium from intact cells

does fit an exponential curve. Although this pattern appeared to hold for the

majority of the patients studied by us, in a small number of individuals a

more complex pattern of elution was observed. This phenomenon has been

mentioned by others. Hughes Jones and MollisonT noted that, “in normal sub-

jects a simple correction for a uniform rate of chromium elution does not

yield the uniformly linear slope which is usually considered to represent

true normal survival.” Deviation of the curve of chromium elution from a

single exponential may be due to two populations of red cells with different

elution rates, to non-uniform labeling of red cells, to rapid removal of

chromium from a group of heavily labeled or damaged cells, to a change in

red cell environment during the course of study, or perhaps to other factors.

The most striking observation that emerged was the wide range of chromium

elution rates with extremes of 0.62 to 2.27 per day ( single exponential elution

constant ) . This is in contrast to the narrower range of previously reported

elution rates of 0.57 to 1.51 per cent per day. Of possible significance in

evaluating the discrepancy between our values and previously reported elu-

tion rates is the observation that 12 of the 16 reported values were determined

in normal individuals. In the four reported cases with hemolytic disease, the

elution rate tended to be higher (1.00-1.51 per cent per day) than in the

normal group. It seems, therefore, that the range of chromium elution rates

may be greater in patients with hematologic disease than in normal individuals.

The present studies encompass patients with red cell life spans from 19 (lays

to the normal range. No correlation was found between the chromium elution

rate constant (Ic) and either the red cell life span or disease state. It is antici-

pated that, in other diseases characterized by a reduction in the red cell life

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/21/1/63/571132/63.pdf by guest on 19 M

ay 2023



68 �LINE AND BERLIN

span, the chromium elution rate will vary, at least to the extent observed in

these 38 patients. When the red cell life span is markedly curtailed, of the

order of 7-10 days, then the necessity for frequent transfusion makes studies

of this type difficult.

The wide range of chromium elution rates limits the usefulness of this

technic where a precise knowledge of red cell life span is important. In addi-

tion, the chromium elution rate in a single individual may not be constant

but may depend on the activity of the patient’s disease and his red cell life

span. For these reasons it is suggested that alternative methods of measuring

red cell survival should be used.

Su�i�n�

1. The erythrocyte Cr5’ elution rate was determined in 38 patients with

hematologic diseases.

2. In four patients with finite red cell life spans, two exponential Cr5’

elution rate constants could be calculated. In the remaining 34 patients, the

data were consistent with a single exponential elution rate constant from day

1 to day 30-40 following Cr5’ administration.

3. The single elution rate varied from 0.62 to 2.27 per cent per day.

4. In two patients, the chromium elution rates determined on two separate

occasions were not significantly different. In a third individual, the chromium

elution rate constant was 0.75 per cent per day when the red cell life span was

66 days and 1.07 per cent per day when red cell life span was 79 days.

SuM�I�rno IN INTEBLINGUA

1. Le elution de Cr5’ de erythrocytos esseva mesurate in 38 patientes con

morbos hematologic.

2. In quatro patientes con finite durationes vital del erythrocytos, duo

constantes exponential poteva esser calculate pro le elution de Cr51. In le

altere 34 patientes le datos reflecteva tin sol constante exponential applicabile

ab le prime usque a inter 30 e 40 dies post le administration de Cr51.

3. Le elution con un sol constante variava inter 0,62 e 2,27 pro cento

per die.

4. In duo patientes, le valores obtenite pro le elution de chromo in duo

separate occasiones non differeva significativemente. In un tertie subjecto, le

constante esseva 0,75 pro cento per die quando le duration vital del erythro-

cytos esseva 66 dies e 1,07 pro cento per die quando le duration vital del

erythrocytos esseva 79 dies.
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