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Since the demonstration by Hart, Steenbock, Elvehjem, and Waddell and 
their collaborators (5, 7) that copper plays some essential r61e in the formation 
of hemoglobin in the copper deficient animal, it seemed of interest to determine 
ff there might be a demonstrable amount of copper taken up by the red blood 
cell itseff during active hematopoietic activity. The availability of radioactive 
copper 1 in extremely high specific activities allows the use of this material as 
a tagging agent even though the amount of actual metal taken up is extremely 
minute. 

I t  is of course necessary to differentiate between copper which, present in the 
plasma, might exchange with some of the same element normally present in 
the red cell, and copper which becomes an integral part of the cellular mineral 
components. The fraction of the circulating red ceils in the normal dog which 
are being replaced daily is probably less than 1 per cent of the total (6). On 
the other hand, under optimum conditions the 10 kilo dog maintained chroni- 
cally anemic by hemorrhage may produce as much as 10 to 15 per cent of its 
circulating ceils in a single day; but an anemic animal kept on a diet low in iron 
may form relatively few red cells (3), perhaps less than the normal dog. 

The "haft-fives" of the radioactive isotopes of copper commonly produced 
are rather short. One is about 3 hours and the other about 13 hours. The 
material as obtained from the cyclotron is a mixture of these two. Therefore 
it is possible to follow the path of copper in an animal for only a few days at 
the most, unless there is a decided concentration of the element in the tissue 
under scrutiny, a condition which unfortunately is not the case in red ceils. 
However, if the isotope is fed to normal animals and the extent of its uptake 
by the red cell deiermined and likewise the uptake by old and newly forming 
cells in the anemic animal, some idea of whether or not it is being actually used 
as a cell component should be determinable. Furthermore, if in two anemic 

* We are indebted to Eli Lilly and Company for aid in conducting this work. 
Fellow of The Rockefeller Foundation. 

1 We are greatly indebted to the Physics Department of the University of Ro- 
chester, and particularly to Dr. Gerhard Dessauer, who specially prepared the radio- 
active copper used in this work. 
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animals the rate of red cell production is markedly different, a correspondingly 
variable amount  of copper should appear in the circulating cells if it  is being 

incorporated into the cell itself. 

Methods 

Preparation of Radioactive Cooper.--Proton bombarded nickel was dissolved in 
a small amount of concentrated nitric acid, diluted with distilled water, and 2 rag. 
of ordinary copper added as a carrier. Following precipitation with H2S the copper 
was dissolved in a few drops of nitric acid and transferred to an electrolytic cell 
(transferring liquid being 1 ml. concentrated HNO3 and 3 ml. concentrated H2SO4 
in 100 ml. water). Electrolysis was carried out using platinum wire as a cathode. 
The deposited copper was dissolved with concentrated nitric acid and after drying 
on a steam bath the residue was taken up with water and made to a definite volume. 
In each instance, the isotope used was contained in 25 ml. water and this was mixed 
with 20 gin. dried white bread and 10 gin. of salmon for feeding. 

Separation of Copper for Activity Measurements.--Material was ashed with 5 ml. 
of concentrated HzSO4 and a little perehloric acid as needed (2). Water was added 
and using phenol red as an indicator, neutralisatlon was carried out with 40 per cent 
NaOH. When weakly acid (yellow) 20 ml. of saturated Na~207 were added and 
the solution was made just alkaline. After cooling and transferring to a separatory 
funnel, 30 to 40 ml. of ethyl ether and 2 ml. 0.1 per cent sodium diethyldithioear- 
hamate solution were added. After thorough shaking the ether layer was separated. 
The water layer was again extracted with ether after a few hundredths of a milligram 
of copper were added as a carrier. The extraction was carried out three or four times 
in all. The last extract was colorless. After combining, the extracts were evaporated 
and a few drops of concentrated nitric acid were added and heated over a small 
flame. The solution was taken up in exactly 2 ml. total volume and was ready 
for activity measurement in a dipping type of Geiger-Muller counter (1, 2). This 
method was tested using known amounts of standard radioactive copper solution 
and 100 per cent recovery was obtained. 

Care of these animals has been described elsewhere (3, 8). The isotope was given 
mixed with food not less than 18 hours after the last meal and was immediately 
consumed in its entirety in every ease. Blood samples were taken in isotonic sodium 
oxalate and centrifuged for 35 minutes at about 2700 ~.p.u. Aliquots of the plasma 
were pipetted off and a correction applied for the oxalate dilution. Red cells were 
washed three times with isotonic saline. 

A pilot sample of the radioactive copper fed was counted at frequent intervals 
during the course of each experiment so an activity decay curve for that particular 
mixture of isotope could be used in making calculations. 

Inasmuch as the radioactive copper is produced by a transmutation reaction from 
nickel, the specific activity of the material used is extremely high. Therefore it is 
possible to add the same amount of untagged copper in each instance as a carrier 
for its separation and thus to feed the same amount of total metal in each experiment. 
The amount fed in each instance recorded below was 0.8 rag. of copper in the form 
of the nitrate. 
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In Chart A are shown the plasma curves for radio copper showing the time 
interval over which absorption is most active. The peak time of absorption 
in this small series would seem to be at about 2 to 4 hours, although the varia- 
tion is quite great. The level of copper reached in the plasma is somewhat 
variable. 
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(3), 40-149, anemic, hemoglobin production 11 gin. per week. 
(4), 40-149, anemic, hemoglobin production 22 gin. per week. 
(5), 40-179, anemic, hemoglobin production 75 gin. per week. 
(6), 40-179, anemic, hemoglobin production 15 gin. per week. 
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Dog 39-320 was a normal female adult terrier weighing 10 kilos. At the time of 
feeding the red cell hematocrit was 48.2 per cent and the blood hemoglobin level 
was 19 gin. per 100 ml. The plasma radio-copper was not determined in this animal, 
it being felt desirable not to bleed any more than necessary to be able to determine 
the uptake in the red cells after several days without any hematopoietic stimulus. 
The level in the red cells reached 0.1 per cent in 48 hours. 

Dog 40-133 was a normal adult female beagle weighing l l  kilos. When fed the 
hematocrit was 50.8 per cent and the level of blood hemoglobin was 20 gin. per cent. 
The plasma radio-copper reached a level of nearly 0.4 per cent in shortly over 2 hours 
and rapidly dropped again until it was about 0.1 per cent at the end of 24 hours. 
The red cell radio-copper reached only 0.03 per cent in 2 days. 

Dog 40-149 was an adult female mongrel terrier weighing 9.5 kilos. Having been 
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made anemic by bleeding over several months time, the dog's red cell hematocrit 
was 26.1 per cent at the time of feeding and the level of blood hemoglobin was 9 gin. 
per cent. At this time by standard methods of determination (8), it was found that 
this dog was producing hemoglobin at the approximate rate of 11 gin. per week. 
The plasma radio-copper rose rapidly to about 0.27 per cent and remained elevated 
for about 5 hours after which it dropped until it was 0.1 per cent at the end of 24 
hours. The red cell copper in this animal rose to 0.15 per cent in 48 hours. 

In the second experiment conducted on this animal the rate of hemoglobin pro- 
duction had been stepped up to about 22 gin. per week by alteration of the diet 
(iron intake in food). At the time of feeding, the red cell hematocrit was 27 per cent 
and the hemoglobin level 9.3 gm. per cent. This time the plasma radio-copper rose 
slightly higher (0.34 per cent) than before but the level was not maintained very long. 
The red cell copper content did not rise more than half as high (0.08 per cent) as 
the level in the first experiment. 

Dog 40-179 was a large adult female mongrel shepherd weighing 21 kilos. Before 
feeding the radio-copper the hematocrit was 25.4 per cent and the hemoglobin level 
9.3 gin. per cent, the animal having been kept anemic by hemorrhage for many 
months. On a diet of hospital scraps this dog was producing 75 gin. of hemoglobin 
per week at the time of this experiment, this being a high rate of hematopoietic ac- 
tivity for dogs (4). The plasma radio-copper reached only 0.18 per cent of the 
amount fed per 100 ml. of plasma, this being decidedly lower than any of the other 
levels attained as seen in Chart A. The 48 hour level of radio-copper in the red 
ceils, however, in this animal was the highest (0.20 per cent) of this small series. 

In the second experiment conducted on this animal, the hematocrit at the time of 
feeding was 19.7 per cent and the hemoglobin level 7.1 gm. The rate of hemoglobin 
production was reduced considerably from the previous time, however, to 15 gin. 
per week due to the feeding of a diet low in iron. The plasma radio-copper reached 
0.32 per cent in a sharp peak and the red ceil copper 0.13 per cent of the amount fed. 

DISCUSSION 

The plasma curves (Chart  A) showing the rate of uptake and loss of copper 
following ingestion are fairly consistent as regards the level reached by  the 
isotope after administration of equal doses. The low level reached by dog 
40-179 in the first experiment was first thought  to be explained by  the weight 
of this animal, which was about twice that  of the others; but  in the second 
experiment the level reached was about the same as occurred in the 
smaller dogs. 

The uptake of radio-copper in the red cells in the course of 2 days following 
feeding is to some degree equivocal. Dog 40-133 having a normal blood picture 
took up the least of the metal. However, the other normal animal accumulated 
about the same amount  of copper in the cells as did the anemic animals in all 
of the experiments with the exception of dog 40-179, in the first experiment on 
that  animal, when the rate of hemoglobin formation was very high (Chart  B). 



H. YOSHIKAWA, P. IF. HAHN, AND W. 1 e. BALE 493 

The fact that the plasma copper in the first experiment on dog 40-179 never 
reached the level it did in the other experiment on this animal, when the rate of 
hematopoietic activity was much lower, or the level reached in the other dogs, 
normal and anemic, suggests that the copper might have been withdrawn at a 
greater rate. Furthermore, in this animal the level of the isotope in the red 
cells increased at a markedly higher rate than in any of the others and reached 
a higher final value. This might be construed as evidence that some of the 
copper was being used in red cell elaboration but  is not borne out by the ob- 
servations on dog 40-149. 
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in 2 days was higher in the experiment during which the rate of hemoglobin 
regeneration was lower. 

With such a small series of experiments it is not safe to draw any sweeping 
conclusions; but there is some indication that where hemopoietic activity is 
greater than normal, the uptake of the small traces of radio-copper by the red 
cell may be increased. If the whole picture is one dependent on the adsorption 
of the metal on the red cell, the greater amount of copper present in the circula- 
tion of the anemic animals might be related to a greater affinity of the new cell 
forms due possibly to differences in the surface makeup. As in the case for the 
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plasma, further studies ~ on the red cell copper are indicated to determine the 
nature of the adsorption isotherm at various concentrations of copper. 

SUMMARY 

Following ingestion of radioactive copper by the dog, the metal appears 
quickly in the plasma, the concentration reaching its peak in from 2 to 5 hours, 
after which it falls abruptly. Demonstrable amounts are still present after 2 
days. The radioactive copper likewise appears rapidly in the circulating red 
blood cells, and there is a slow but gradual increase in its concentration over 
a 2 day period. 

I t  is suggested by the data that in the animals in which hematopoietic activ- 
ity is accelerated the uptake of radio-copper is somewhat more extensive. The 
possibility that this is due to greater adsorption by the new red cells in these 
instances is not ruled out. 
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