
173 

Chr0miurn5~ Elution from Hemoglaobin and Intact Erythrocytes of Adults, 
Infants and Patients with Cooley’s Anemia.” (24284) 

MARION E. ERLANDSON, IRVING SCHULMAN, BEATRICE WALDEN AND CARL H. SMITH 
Department of Pediatrics, The New E‘ork Hospital-Cornell Medical Center 

Stimulated by the discrepancy in values for 
life span of infant erythrocytes when meas- 
ured by the Ashby and chromiurn5l technics 
(1), Suderman et a,?. recently demonstrated an 
accelerated rate of chromium61 elution in 
cord-hemoglobin solutions when compared 
with adult hemoglobin salutions(2). If the 
rapid elution rates found in cord-hemoglobin 
solutions are attributable to the presence of 
large amounts of fetal hemoglobin, similarly 
rapid elution rates would be expected in he- 
moglobin specimens from patients with homo- 
zygous Cooley’s anemia where high percent- 
ages of fetal hemoglobin are found. If exces- 
sive elution also occurs from intact red blood 
cells in such patients, previous estimates of 
erythrocyte longevity in patients with Cool- 
ey’s anemia might have to be invalidated 
when based on the chromium51 technic. 
Therefore, experiments were designed to com- 
pare chromium51 elution rates from intact 
erythrocytes and hemoglobin solutions from 
normal adults, infants, and patients with 
Cooley’s anemia. 

Venous blood was collected in 
acid-citrate-dextrose solution using 2 ml ACD 
per 10 ml blood. Jn the preparation of hemo- 
globin solutions, chromiurn5l as sodium chro- 
mate was introduced immediately into the 
blood-anticoagulant mixtures which were 
then incubated for 90 minutes a t  room tem- 
perature. Three microcuries of chromium51 
were added for each ml of Iblood. (The 
amount of isotope employed was the amount 
routinely used in this laboratory for injec- 
tion specimens in in vivo erythrocyte survival 
studies.) The tagged red blood cells were 
then separated by centrifugation, washed 3 
times with isotonic sodium chloride, and he- 
molyzed by addition of water. The stroma 
was removed by agitation with toluene and 
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subsequent centrifugation and filtration. The 
clear filtrates of hemoglobin solution were 
adjusted to approximately 12 g per 100 ml 
water. Counting specimens and dialysis spec- 
imens were prepared as described for the 
labeled erythrocytes. 

In the preparation of intact erythrocyte 
suspensions, the cells were separated from the 
plasma-ACD mixture by centrifugation and 
resuspended in that amount of isotonic saline 
necessary to adjust the hemoglobin concen- 
tration to approximately 12  g per 100 ml of 
suspension. The plasma was saved. The 
saline suspensions of red blood cells were 
tagged with 3 microcuries of chrornium5l per 
ml of suspension. At the end of a 90-min. 
incubation period ascorbic acid (2  mg per 
ml) was added. The cells were then sepa- 
rated from the saline by centrifugation, 
washed 3 times with fresh isotonic saline and 
resuspended in the donor’s plasma-ACD mix- 
ture adjusting the hernoglobin concentration 
to 12 g/lW ml. 

For both the hemoglobin solutions and 
erythrocyte suspensions the subsequent pro- 
cedures were as follows: A 100% specimen 
was obtained by diluting 1 ml of the original 
material to 100 ml in water, from which a 
4 ml counting specimen was removed and 
placed in a screw-top vial. Individual 1 ml 
aliquots of the original material were placed 
into Visking dialysis tubing. The specimens 
were dialyzed against isotonic saline for pe- 
riods of I6 to 118 hours. The dialysis fluid 
was changed 3 times per 24 hours. One di- 
alysis bag was removed at 16 hours, and one 
at  each 24 hours thereafter. The contents of 
the dialysis bags were transferred .quantita- 
tively by multiple water rinses to final 1 : 100 
dilutions. Four ml specimens of the final 
solutions were used in counting. Six dupli- 
cation experiments showed the possible error 
of the method to be 3%. The 4 ml specimens 
were counted in a well-type scintillation 
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PIG. 1. Rates of cliroi~iiiiiil"~ clutioii froiii licilio- 
globin solutions and red blood cclls from iioriiial 
adults, infants, and patients vith Cooley's anenii:t 

when dialyzed against isotonic XaCI. 

counter and correction for radioactive decay 
was accomplished by recounting the 10Oy 
specimen concomitantly with each subsequent 
specimen. 

Results. Hemoglobin solutions were ob- 
tained from one adult (fetal hemoglobin = 
<2%),  one infant (fetal hemoglobin = 
66.5%). and 2 patients with Cooley's anemia 
(fetal hemoglobin = 21% and 50.9%). As 
may he seen in Fig. 1 (left). a markedly 
greater rate of elution of chromium')' occurred 
from the infant's than from the adult's speci- 
men. Elution from the specimen containing 
21% fetal hemoglobin obtained from a pa- 
tient with Cooley's anemia was only slightly 
greater than that from the adult's specimen: 
that from the patient with Cooley's anemia 
containing 50.9% fetal hemoglobin was al- 
most as rapid as that occurring from the in- 
fant's specimen. Therefore rapid rates of 
elution occurred in specimens containing fetal 
hemoglobin whether obtained from an infant 
or from patients with Cooley's anemia. The 
rate of elution appeared to be directly related 
to the percent fetal hemoglobin present. 

Intact tagged erythrocytes were prepared 
from blood specimens from 2 normal adults 
(fetal hemoglobin = < 2 % ) ,  from 2 infants 
(fetal hmoglobin = 70.5 and 70.5%), and 
from 2 patients with Codley's anemia (fetal 

hemoglobin = 52.3% and 67.9%). The 
rapid rates of elution found with hemoglobin 
solutions were not demonstrated; the content 
of fetal hemoglobin within the erythrocyte 
produced no significant difference in rate of 
chromium elution. (Fig. 1, right). 

Discussion. Chromium51 tagged red blood 
cells have been used extensively for estima- 
tion of erythrocyte longevity in many dis- 
orders including the abnormal hemoglobin 
syndromes and Cooley's anemia (3-4). Elu- 
tion of chromium51 from tagged normal eryth- 
rocytes has been investigated in vivo by si- 
multaneous erythrocyte survival studies com- 
paring the chromium51 technic and the Ashby 
method of differential agglutination, and in 
vitro, by dialysis( 5-9). However, elution has 
not been studied in suspensions of cells con- 
taining abnormal hemoglobins or fetal hemo- 
globin. 

Hollingsworth reported that estimates of 
mean life span of fetal erythrocytes were 
shorter using the chromiurn5l technic than 
those previously reported utilizing the method 
of differential aqqlutinatioq ( 1 ) . Since the 
life span of fetal erythrocytes could not be 
correlated with the percent fetal hemoglobin 
present in the cells, it is unlikely that the dif- 
ferences were secondary to aberrations in 
chromium elution from the cells resulting 
from the presence of fetal hemoglobin. Data 
available for comparison of erythrocyte lon- 
gevity by the chromium61 and differential ag- 
glutination methods in patients with Cooley's 
anemia have not demonstrated differences in 
results obtained by the 2 technics. The 50% 
survival times of erythrocytes from 3 un- 
transfused patients with homozygous inter- 
mediate Cooley's anemia were reported by 
Kaplan and Zuelzer as 21, 22, and 27 days by 
the Ashby method( 10). The 50% survival 
times in 3 comparable patients by the chro- 
rniums1 technic were reported from this lab- 
oratory as 19. 22 .  and 2 7  days(4). Correc- 
tions for elution were based on rate of elution 
previously demonstrated for normal erythro- 
cy tes . 

Suderman et al. observed by in vitro di- 
alysis experiments that chromium did elute 
more rapidly from solutions of hemoglobin ob- 



INHIBITION OF BILIRUBIN CON JUGATION in vitro 175 

tained from cord specimens than from speci- 
mens from normal adults( 2 ) .  This has been 
confirmed in the present studies. Elution rate 
has been shown to be directly related to per- 
cent fetal hemoglobin present. Rapid rates of 
elution were also present in hemoglobin solu- 
tions containing fetal hemoglobin obtained 
from patients with Cooley’s anemia. Elution 
from intact erythrocytes has previously not 
been investigated. In the present studies no 
clear cut difference in elution could be demon- 
strated between labeled intact red blood cells 
from adults, infants, and patients with 
Cooley’s anemia. 

Elution of chromium from normal erythro- 
cytes has been shown to occur a t  a level of 
approximately 1% per day( 5-9 ) .  I t  would 
be difficult to demonstrate a significant dif- 
ference in rate of elution from erythrocytes 
of normal adults and from cells containing 
large percentages of fetal hemoglobin by 
dialysis where the error of the method may 
be of the same order of magnitude as the pos- 
sible difference in rate of elution. Evidence 
thus far does not support the existence of any 
influence by fetal hemoglobin on rate of chro- 
mium elution from intact erythrocytes. A 
final solution to this problem might be ob- 
tained by studies of survival of erythrocytes 
from patients with Cooley’s anemia in normal 
recipients simultaneously by the differential 

agglutination and chromium51 technics. 
Summary. Accelerated rates of chromium5’ 

elution from hemoglobin solutions containing 
fetal hemoglobin have been shown to be pres- 
ent in specimens obtained from an infant and 
from patients with Cooley’s anemia. This 
acceleration has been shown to be directly re- 
lated to the percent fetal hemoglobin present. 
Rapid rates of chromium51 elution could not 
be demonstrated to occur from intact labeled 
erythrocytes containing large amounts of fetal 
hemoglobin studied by the techic of dialysis. 
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In  recent years we have been interested in 
the problem of bilirubin metabolism in the 
newborn and the mechanism of production of 
bilirubin encephalopathy as well as its preven- 
tion ( 1 ) . Recent studies have suggested an 
impairment of substrate production and con- 
jugation of bilirubin as a glucuronide in the 
newborn period(2). In the;light of this 
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knowledge, the reports of jaundice associated 
primarily with 30 mg or more of Synkavite in 
2-3 kg newborn infants(3,4) stimulated us -to 
assess the possible role of the latter in inhibi- 
tion of the conjugation mechanism leading to 
’hyperbilirubinemia. Recent reports would 
also suggest another possible mechanism’. of 
action, namely, increased hemolysis of new- 
born red ’ cells ( 5). The report of Silverman 
et aZ.(6), further s t i m u l a t d w  to test a num- 


