
The Binding of Cr5’ to Hemoglobin

II. In Vivo Elution Rates of Cr51 froni Hb CC,

Hb CS, and Placental Red Cells
By HOWARD A. PEARSON

W HEN RED CELLS are incubated with Na2Cr3mO4 the radioactivity be-

comes fixed intracellularly.1 After reinjection of such “tagged” red cells

into a recipient’s circulation, a steady but curvilinear decrease in blood radio-

activity can be documented. A significant portion of this disappearance is due to

removal of senescent, tagged red cells from the circulation. This fact is the

basis for the use of the Cr31 technic to estimate red cell survival.2

However, if simultaneous Cr3’ and Ashhy or DFP�2 survival studies are

performed, the fraction of Cr� in the circulating blood is consistently lower.2’3

The difference is postulated to result from nonspecific leakage or “elution” of

the Cr3’ from the cells. In vivo elution rates have been measured in normal

individuals and in a few disease states. These have been found to he .062-2.27

Per cent �er day.�
In their original studies, Gray and Sterling demonstrated that hemoglobimi.

sPecificallY the globin portion of hemoglobin, was the site of Cr5’ attachment.’
The consensus of later investigations indicated that the precise binding sites

were 1)r0lallY on the a-chains of Hi) A(a2�2) and the y-chains of Hh F(a2y2),6M

although one report of a-chain binding has appeared.”

In vitro studies on Cr3’ binding and elution from various hemnoglobin types

have been performed. Those hemoglobin species resulting from single amino

acid substitutions (FIb S and Hb C ) appearcd to l)ind Cr51 as did Hb A.TM

However, other investigations have demonstrated a marked difference in elu-

tion rates in Cr3’ elution from Hb F solutions.uuhm The considerable chemical

differences between /3- and y-chains probably account for this difference. In

vitro Cr51 elution rates, obtained by dialysis, of red cells containing Hb F have

been reported as the same” 12 or in excessi3 of that seen with cells containing

Hb A. In vivo studies of Cr3’ elution from red cells containing hemoglobin

variants have not been published. Berlin et al., in a comprehensive review of

the lifespan of red blood cells, have emphasized the necessity for such stud-

ies.’4 The present report describes a series of transfusion experiments per-

formed to determine the in vivo elution rate of Cr3’ activity from red cells
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containing Hb C and Hb CS, and from placental red cells containing large

amounts of Hb F.

METHODS AND CALCULATIONS

A: Hb C-C Study. Four-hundred miii. blood from a 45-year-old Negro male with

liomozygous Hh C disease, were drawn into standard ACD solution, utilizing plastic equip-

ment. Hi) F content of hemolvsate, prepared from these cells as determined by alkali

denaturation, was 2.8 per cent.15 A 15 ml. ahiquot of red cells was incubated for 1 hour

with 100 �sc. of high specific activity Na9Cr5104. and the unbound Cr was then reduced

with 100 mg. ascorbic acid. After cross-miiatching, the blood was transfused into a compati-

ble recipient weighing 40 pounds. The recipients in these experiments were severely

retarded h)llt hematologically nornial children. Parental permission was obtained. Blood

samiiples were drawn from the recipient 1 to 25 days after transfusion. Assays for Cr5’

radioactivity were done in a sodii,mii iodide well-type scintillation counter. All counts were

determined at the completion of the studies, so correction for radioactive decay was

unnecessary. Sufficient counts were recorded to assure a counting error of less than ±5.0

per cent. The per cent of Hb C in each sample was measured by starch block electrophore-

sis using barbital buffer pH 8.6.16 Experimental error in this method is approximately ±5

per cent. The pretransfusion Hi) A value of the recipient (2.4 per cent) was subtracted

from each post-transfusion Hb C percentage.

B: Hb C-S Study. Four-hundred ml. blood from a 17-year-old Negro female with Hb C-S

disease were drawn into ACD solumtion. Hb C was 54 per cent and Hb S plus Hb F were

46 per cent in heniolysates prepared from these red cells. Hb F, as nieasured by alkali

denatimration. was 3.5 per cent. Fifteen ml. blood was incubated for 1 hour with 100 sc. of

Na9Cr5104. The uni)ound chroniate was then reduced by addition of 100 mg of ascorbic

acid. After cross-matching, the blood was transfused into a 38-pound recipient. Blood

samples were obtained 1 to 29 days after transfusion. Cr51 activity was assayed as before.

The numiiher of Hh C-S cells was measured by exposing an aliquot of each sample to a
solution of 1 per cent sodium metabisulfite for 4 hours.17 Wet preparations were made and

the number of sickled formiis in 2000 cells were counted imnder the oil immersion objective.

Repeat counts by the same observer revealed an experimental error of ±7 per cent.

C: Placental Red Cell Study. Placental blood was obtained from 5 full-term infants.

Imiirnediately after clamping of the cord and before separation of the placenta, the umbilical

vein was asepticahl� cannulated and 20-55 cc. of blood were aspirated into sterile heparin-

ized syringes. The blood was then transferred into plastic bags for storage. Within 24

hours all 5 bags were centrifuged. the plasma discarded, and the red cells pooled. A total

of 100 ml. of pooled concentrated placental red cells was thus obtained. The Hb F

concentration of these cells determined by alkali denaturation was 68 per cent. Ten ml. of

the pooled erythrocytes were incubated for 1 hour with 100 �c. of Na9Cr51O4, and then

100 mg. of ascorbic acid were added. The blood was transfused into a 52-pound recipient

who was blood group AB, Rh positive (universal recipient).

Blood samples were obtained 1-27 days post-transfusion. Radioactivity was measured as

i)efore. The per cent of transfused cells in each sample was measured by means of the

Betke-Kleihauer acid elution slide technic.18 The number of fully hemoglobinized Hb F

containing red cells per 2000 cells was determined using phase-contrast microscopy. Exper-

imental error of this method is in the order of ± 10 per cent.

D: Calculations. The rate of Cr5’ elution was calculated by the method outlined by

Eadie et al.3 When the survival of transfused blood is followed with Cr5’ and simultane-

ously with an “intrinsic” fixed tag, the rate of Cr5’ elution can be determined by calculat-
ing the ratio between per cent � activity (N1) and per cent “intrinsic tag” (N2) for each

blood sample. When the natural logarithms of these ratios are plotted against time, a
straight line is obtained whose slope (k) is equal to elution.
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Table 1.-Hb C-C Red Cells Transfused into Normal Recipient
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Day
Cr.”

cp mm.
% Orig. (N,)

Cr.” Act. /� Hb C
% Orig. Hb C

(N:)

1 1556 100 20.5 100

3 1447 93 19.9 98

6 1293 83 19.2 94

10 1011 65 16.2 79

14 854 55 15.2 74

18 762 49 14.1 69

24 623 40 12.1 59

Table 2.-Hb C-S Red Cells Transfused into Normal Recipient

Day

Cr”

cp mm.

C/� Original

Act. (N1)

C/� Sickling

RBC

% Original
Sickled Red C’s

(N2)

1 1743 100 20.1 100

3 1448 83 17.7 88

6 1149 66 17.5 87

9 905 52 15.1 75

13 766 44 13.1 65

20 383 22 8.3 41

27 210 12

Cells Transfused

5.8

into Normal

29

RecipientTable 3.-Placental Red

Day Cr�’ cp mm.
‘� Original Cr”

Survival (N,)
‘� Fetal

RBC

-

9’,.’ Original
Fetal Cells (N.’)

1 2613 100 9.6 - 100

3 2350 90 9.1 95

8 1959 75 8.1 84
14 1516 58 6.7 70

20 1201 46 5.4 56 -

24 1150 44 5.2 54 ‘

27 914 35 4.2 44

RESULTS

A: In Vivo Elution Rate of Cr” from Cells Containing Hb C. The results of

this experiment are listed in Table 1. Figure 1 illustrates that when the natural

logarithm of the ratio of � is plotted against time for 25 days, a straight line is

obtained. The slope of this line is 0.018, indicating an in vivo Cr51 elution rate

of 1.8 per cent per day. S

B: In Vivo Elution Rate of Cr ‘ from CelLs Containing Hb C-S. The results

of this study are listed in Table 2. The plotted derived data on Figure 1

demonstrate that a straight line for the data of the C-S experiment is obtained,

and the slope of this line is 0.033. This indicates an in vivo Cr5’ elution rate

of 3.3 per cent per day.

C: In Vivo Elution Rates from Placental RBC Containing Large Amounts of

Hh F. The results of this study are shown in Table 3 and Figure 1. A straight
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In Vivo

Cr5’ Elution
from RBC

A

.1

F

(In Days)
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N1
Fig. 1.-In vivo elution of Cr” from RBC. The natural logarithm of - is

N.

plotted against time. The slope of the line (k) is equal to elution.

line can be fitted to the derived data. The slope of this line is 0.0085, indicating

an in vivo Cr3’ elution rate of 0.85 per cent per day.

DISCUSSION

These transfusion studies suggest that the in vivo rates of Cr5’ elution from

red cells containing Hb C and from placental red cells containing large

amounts of Hb F do not differ greatly from what has been reported for normal

adult red cells. Therefore, formulas and tables for computing mean red cell

lifespan from the RBC � need not be altered because of markedly

different rates of Cr5’ elution from such cells.’9 There is a moderately in-

creased rate of elution from C-S erythrocytes, but because of the short survival

of these red cells, this difference is probably insufficient to be clinically sig-

nificant. It should be pointed out that variations in Cr” elution may lead to

significant variation in calculated mean red cell lifespan when, in fact, there

may be none.

The most important conclusion is a confirmation of other studies that the

fetal red cell has a shorter lifespan than cells from normal adults.2#{176}Assuming

an in vivo elution rate of Cr5’ of 0.8 per cent/day from fetal red cells as

indicated by the studies reported here, and assuming that labeling is uniform,

a lifespan of about two-thirds that of the adult red cell can be assumed. The

red cell of the premature infant is probably even more short-lived.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/4/563/754321/563.pdf by guest on 19 M

ay 2023



‘!I1’� EU.DING OF C11�1 TO H:M0GL0BIN 567

SUNIMARY AND CONCLUSIONS

In vivo elution rates of Cr3’ from red cells containing Hb C and from

placental red cells containing large amounts of HI) F have been determined.

These �ver�’ found to le 1.8 and 0.85 per cent per day, respectively, and do not

differ greatly from those of normal adult red cells. Therefore, no special cor-

rection factors for elution need be used in evaluating Cr31 survival curves in

these clinical situations. The in vivo elution rate of 3.5 per cent/day observed

for Hb C-S is significantly greater than that of normal red cells.

SUMMAHIO IN INTERLINGUA

Esseva determinate Ic rapiditate del elution in vivo de Cr5’ ab erythrocytos

continente hemoglobina C e al) erythrocytos placental continente grande quan-

titates de hemoglobina F. Le valores obtenite esseva 1,8 e 0,85 pro cento

per die, respectivemente, lo que non differe grandemente ab le valores pro

normal erythrocytos adulte. Per cons�quente, nulle special factores de cor-

rection es necessari in Ic evalutation de curvas de superviventia a Cr51 in iste

stuationes clinic. Le rapiditate de elution in vivo de 3, 5 pro cento per die

observate pro hemoglobina C-S es significativemente superior a illo de

erythrocyto� normal.
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