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Autoradiographic Studies on Iron-59 Turnover by Erythroid Cells in 
Rat Bone Marrow. (20781) 

MARIO E. AUSTOKI.* (Introduced by J. H. Lawrence.) 
From the Section on Research Medicine, Donner Laboratory, University of California, Berkeley. 

From the data on hemoglobin formation in 
the human bone marrow obtained by Thorell 
( 1 )  with the aid of absorption microspectro- 
scopy, it is known that “the endocellular syn- 
thesis of hemoglobin does not start before the 
ribose polynucleotide metabolism is finished” 
and that *‘the formation of the Fe-porphyrin 
component and probably also the simultane- 
ous coupling to hemoglobin takes place chiefly 
during a later maturation phase.” Since, 
from the data of Thorell( 1 ) ,  the ribose poly- 
nucleotide metabolism appears to be con- 
cluded within the basophilic phase of erythro- 
poiesis, the polychromatic and orthochromatic 
erythroblasts appear to be the cells in which 
the Fe-porphyrin and hemoglobin appear first. 
He has evaluated the hemoglobin content in 
polychromatic erythroblasts to be 2 5 %, in the 
orthochromatic 20-2 5 % , and in the erythro- 
cyte 33 %, while the basophilic erythroblast 
either does not contain hemoglobin or the con- 
tent is not measurable (less than 0.5%). 
These data, which agree with what is known 
about hemoglobin formation through the mor- 
phology and the staining of immature red 
cells, do not seem to be substantiated by the 
isotopic technic, since the rapidity with which 
the radioiron is taken up by the erythroid cell 
is so great that it is probable that the earliest 
stages of the erythroblasts (pro-erythroblasts 
and basophilic erythroblasts) are also actively 
involved in the formation of hemoglobin in 
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the red cells. Clinical studies on patients 
with refractory anemias, showing uptake of 
iron in the bone marrow, but with little ap- 
pearing in the peripheral red cells, also sug- 
gest that Fe must enter into the immature red 
cell precursors. This hypothesis can be veri- 
fied only by using the qualitative procedure of 
autoradiography of bone marrow smears after 
radioiron administration. Other technics now 
available cannot discriminate between the 
different stages of erythrapoiesis. There is no) 
record of such an investigation with iron, al- 
though London and coworkers ( 2 ) ,  Altmarr 
et aZ.(3), and Boyd and associates(4) have 
employed this technic to demonstrate that 
glycine labeled with C14 or N15 is taken up 
in vivo and in vitro by the immature red cells 
of the bone marrow and is incorporated into! 
hemoglobin. 

In  the present study the stripping film 
autoradiographic technic, which gives the 
proper resolution for this purpose, was 
adopted to detect the first appearance of 
labeled iron in the earlier stagts of erythro- 
poiesis in the rat. 

&lethod. A single dose of 80 pc of Fe-59- 
labeled ferric chloride in citrated solution was 
given intraperitoneally to 5 young rats of the 
Long-Evans strain, weighing about 160- 180  g. 
The animals were then placed under ether 
narcosis, and sufficient bone marrow to make 
very thin smears was obtained from the 
femur or the tibia at specified intervals (%, 
1, 3, and 6 hours). In  order to obtain hyper- 
plastic and hyperactive bone marrow, two 
additional animals were bled of half their 
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FIG.  1. AluCoradiograpliic pictures of ra t  bone inarrow 3 hr after intraper. inj. of 100 micro- 
curies labeled Fe-ZSC'l, (stripping film autoradiography after 14 clays expmure. Staining with 
('Tienua solution tlirough stripping film, after development. Xicrophotographs at 1400 X ). 
In spite of poor differentiation of the element morphology and of the marked background (prob- 
ably due to  old stripping film o r  to lack of storage iii refrigerator after exposure) the activity 

of labeled immature erythroid cells is erideiit even in earlier stages of erythropoiaie. 
First  rox  (from left to right) : Erythroid elements with high activity. I n  (a) a pro-evthro- 
Idast and an ortliocliromatic erythroblast : (b) a baAsophilic erythroblast ; ( c )  a polychromatic 
er?-throblast ; (d )  orthochromatic erythroblast. 2nd row: Groups of erythroid cells with high 
activity. In (a)  group of 4 polychromatic and orthochromatic erythroblast with almwt com- 
plete darkening of filin surface; (b) group of a pro-erythroblast, of a plychromatic and ortho- 
clironia tic erythroblasts; (c )  3 basophilic elements with marked darkening. 3rd row : Groups 
of elenients with lower acti\-ity. In (a ) pro-erythroblast, a polychromatic and an  orthochromatic 
erytliroblasts with Iov- activity ; on the right upper oorner an erythrocyte without a definite 
activity; (b)  pro-crytliroblast with moderate activity; ( c )  2 polychromatic erythroblasts with 

fairl?- good activitp. 

TABLE 11. Percentage of Labeled aiid Sonlabeled Cells in Anemic Rat 3 H r  after Iiitraper. 
Adinin. of 100 Nicrocuries Labeled Fe-89C1,. 

Pro-erythroblasts ti3 32 3 0 0 3 i  
Basophilic erytliroblasts 18 55 24 3 0 82 
Bolychromatic ery throb la s t  Y 6 24 48 22 0 94 
Orthochromatic erythroblast s 10 5; 34 1 0 90 
Red cells 93 7 0  0 0 7 
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case the peak is reached a t  the polychromatic 
stage (94%), and higher activity is revealed 
in the basophilic erythroblasts. These data 
should be considered in relation to relatively 
earlier sampling (3 hours), the higher radio- 
iron dosage (100 pc), and the stimulation of 
bone marrow by previous bleeding. 

The present investigation then shows that 
in the rat and with the doses used, there is a 
definite turnover of radioiron even by the 
earliest erythroid elements, namely pro- 
erythroblasts and basophilic erythroblasts. 
This was not known before, and it can be 
assumed as indirect evidence of the earliest 
stages of hemoglobin formation in the marrow. 

Summary. The presence of iron-59 in the 
earliest stages of the erythroid series of the 
rat bone marrow was demonstrated by means 
of stripping film autoradiography after intra- 
peritoneal injection of labeled ferric chlorides. 
Pro-erythroblasts and basophilic erythroblasts 

take up a detectable amount of radioiron after 
3 to 6 hours. The maximum uptake, however, 
occurs in the polychromatic and orthochro- 
matic stages. 

The author is grateful to Dr. John H. Lawrence, 
Director, Donner Laboratory, for advice and assis- 
tance in research work and preparation of paper. 
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I t  has been demonstrated that slices of rat 
liver, kidney and spleen all effectively inactiv- 
ate cortisone ( 1 ) . Blood 17-hydroxycorti- 
costeroid levels that have been elevated by 
administration of a single dose of cortisone 
or hydrocortisone to humans or experimental 
animals quickly decline to pretreatment values 
(2 ,3) .  Therefore, it seemed desirable to in- 
vestigate the participation of the liver, kidney 
and spleen in the removal of exogenous 17- 
hydroxycorticosteroids from the blood of the 
rat in vivo. 

Materials and methods. Male Sprague- 
Dawley rats weighing from 190 to 270 g were 
used without fasting. The removal of organs 
was carried out through a midline abdominal 
incision under light ether anesthesia. “Physio- 
logical hepatectomy” was performed by a 
modification of the method of Russell(4). 
The portal vein, hepatic artery and common 
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bile duct were ligated after securing the gut 
from pylorus to descending colon in a mass 
ligature. This operation will be referred to 
henceforth as hepatectomy. Nephrectomy 
and splenectomy were accomplished after 
ligating and cutting the major blood vessels to 
these organs. The abdominal incision was 
closed with sutures. Control animals were 
subjected to laparotomy and a handling of the 
viscera. It was estimated that hepatectomy 
removed about 3 ml of blood from the circula- 
tion. To evaluate the effect of reduced blood 
volume upon 1 7-hydroxycorticosteroid levels, 
3 ml of blood were withdrawn from the in- 
ferior vena cava in a group Df rats through an 
abdominal incision, and absorbable gelatin 
(Gelfoam) was applied for hemostasis. Gel- 
foam was also placed in the peritoneal cavity 
of control animals for this group. Immediate- 
ly following each operation, 0.5 ml of a hydro- 
cortisone solution was injected into a tail vein. 
Solutions were prepared in concentrations of 


