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COPPER METABOLISM IN NORMAL LONG-EVANS RATS 

James K.Ashikawa, Elmer R. Smith, and Harold L. Helwig 

Donner Laboratory of Biophysics and Medical Physics 
University of California, Be rkeley, California 

September 25, 1956 

ABSTRACT 

Copper plays a diverse role in animal metabolism and is highly 
e s s ential in trace amounts. 

As a preliminary to uptake and distribution studies, the copper contents 
of various normal rat tissues were determined. 

The preparation from natural ZnO of carrier-free Cu
64 

used for these 
studies is described.· 

64 The preliminary work on the uptake and distribution of carrier-free 
Cu and plasma -bound. Cu64 in normal adult Long -Evans female rats is 
also pre sented . 
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COPPER METABOLISM IN NORMAL LONG -EVANS RATS 

James K. Ashikawa, Elmer R. 'Smith, * a'~d' ~a;~l:dL .. Helwig t 

Do~ne r L~borat~ry,' of BiOph'ysic s and M~d.i~al1?hysics 
U;niversity pfCalifornia,Berkeley, California '.f 

Septembe r 25, 1956 

PART I, THE PREPARAT:ION OF CARR~ER-'FREE COPPER-64 
FOR BIOLOGICAL STUDIES 

Copper is highly essential in the diet, but because of its low dietary 
requirements and wide distribution in nutrients, copper deficiencies in . 
animals .. are ra~her ut'}.common.' Copper appears to have erythropoietic 
properties apd plays a role in hemoglobin formation. 1,2, 3 It is a.lso involved 
in the forrnationof th~ oxidation enzymes, catalase, cytochrome oxidase, 
pe roxidase, the cytochromes, and many others. 4,5 Thus carrier -free coppe r 
i.'s needed in all trace r -study expe riments. The exis ting chemical m~thods 
for separating radiocopper from target material ~re tathe,r hazardolls because 
of the high radioactivity of the cyclotron-bombarded targets. Since micro 
amounts of material can be efficiently separated from one another by ion-ex
change technique, the work described here was unde rtaken to facilitate the 
preparation of carrie r -fre'e radiocopper forour e~periments. 

Recent studies by, Kr:aus, and Moore 
6 

on '~l1e separation of-the chloride 
complexes of the transition elementsMn to Zn, a~d our work? on the 
separation of Fe, Co, and. Zn fromP on, the strongly basic '(quaternary amine) 
resin, Dowexc-1 ,indicated the feasibility of this method for separating Cu 
from Ga and Zn. More recently Herber a.nd Irvine 8 have investigated the 
anion-exchange behavior ;of the bromide, ,<;:omplexe~ of C;o(II), Cu(II), Zn(II), 
and Ga(IH), and found that a partial separation of Cu(II) and 0a(IlI).was pos sible 
with HBr as the eluant. Herber and Irvine have indicated that HBr is con
sidera1:S1y better than HC1 as an,eluant. However, we .h,ave used the much 
more convenient method of chloride complex formation ,and .column separation, 
and have consistently obtained,Cu64 with much less than 1% contamination by 
longer -lived components (as measured by gamma activity). These contaminations 
are presumably a mixture of Cu6 ? and Gab? 

* Now with Sloan Kettering Institute Jor' Cance:r>R'ese:arch·, New York. 

t Now with the California State pepartme,nt, o(PublicHealth". Berkeley . 

. :: I 
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MATERlAL AND METHOD 

Preparation of the Ion Exchange Column 

The exchange columns were prepared. as indicated in our larlie r re
port. 7 The columns used had across ~sect1onal area of 1.4 cm , and were 
packed with Dowex-l to 12 cm length and equilibrated with concentrated HC 1. 

prepa.ration of Carrier -Free CbPpe r -64 

We have prepared Cu
64 

primarily by bombarding natural zinc oxide in 
platinum hats, although electroplated zinc was used in later runs. In a 
typical run, 130 mg of ZnO we.re placed in a platinum hat and bombarded in 
an exte rnal beam for 4 hr with 19 -Mev deuterons at a current of 4f.Las pe r hr. 

Method of Elution 

The ZnO target was dIssolved in a small volume of 5M HCl .and 
heated to. dryness. The salts were then taken up with 12 M HCl, transferred 
to the resin bed, and successively eluted from the column with 12 M, 6 M, 
0.5 M, and 0.005 M He1. The acid was fed at a constant flow rate of. 10 ml 
per hr by a mechanically operated syrihge pump. The flow rate can·be doubled 
with no apparent effect on the separation. 

RESULTS AND DISCUSSION 

The theoretical yield of Cu
64 

from natural ZnO thick target is stated 
to be 300 f.LC per f.La-hr. By bombarding 130 mg of ZnO in an external beam 
for 4 hr with 19-Mev deut~rOrisat a current of 4 f.Las per hour, we have ob. 
tained about 100 f.Lc of Cub4 . A comparable yield of Cu64 was obtained by 
bombarding 90 mg of zinc plated pn a platinum hat. In an attempt to obtain 
higher yields of copper, we have used beam currents ahov'e 4 f.La per hour. 
At these higher currents, howeve r ,platinum -zinc alloy is prod-uced,and it 
is very difficult to dissolve. 

Since the elution constants E for zinc and copper were known 
4 

for 
Dowex-l, it was necessary Orily to measure the E for Ga(III). This was. 
determined on Dowex-l in the range of 0 to 12 M HC1. The result is shown 
in Fig. 1. 

The elution histogram for copper; gallium, and zinc is shown in Fig. 2. 
This was obtained by eluting the dissolved ZnO target with HCI of concentrations 
shown on the his togram. Each 25 -ml fraction of the eluent was collected and 
counted with a sodium iodide crystal counter. Under these conditions, a 
small amount of zinc and gallium·was removed with 75 ml of 12 M HCl, and 
of copper with 175 ml of 6 M HCl. Gallium and zinc were readily removed 
with 100 ml of 0.5 and 0.005 M HCl respectively. 

The purity of the eluted fractions was determined by gamma-ray 
spectroanalysis and by measuring the radioactive decay rates. The radio
purity of the copper fraction was consistently higher than 99% (See Fig. 3). 
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Fig. 1. Elution constants of gallium, copper,and zinc on D-owex-1. 
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Fig. 2. Elution histogram of gallium, copper, and zinc on Dowex-l 
ion-exchange column. 
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If further purification is desired, the contamination can be reduced to less 
than 0.1 % by dithizone extraction of the Zn and Ga. 9 The gallium and zinc 
fractions (Figs. 4 and 5) appeared to be completely separated from each 
other. 

Since Cu
67 

with a half life of 61 hours is preferable to Cu
64 

for 
biological studies, attempts were made to produce this longer-lived copper 
by ~ombarding6 enriched Zn67 wit~ deuterons acc·ording to the reaction 
Zn 7(d,2p) Cu 7., However, Cu6 predominated, as in the natural ZnO 
targe t. 

PART II. THE DETERMINATION OF COPPER 
IN THE TISSUES OF NORMAL LONG -EVANS ADULT FEMALE RA TS 

In 1929, Lindow et al. 10 reported the distribution of copper in the 
tissues of adult rats raised on stock diets and on diets containing varying 
amounts of copper. Owing to the availability of a more sen!)itive and modern 
method of analyzing copper, we have determined the normal copper content 
in sevet~l organs of the rat preliminary to tracer studies utilizing carrier
free eu . 

MATERIAL AND PROCEDURE 

Preparation and Digestion of Samples 

Adult female Long -Evans 'tats weighing from 115 .to 145 g (average 
weight about 130 g) were used. The animals were anesthetized with ether, 
and blood w~s withdrawn by heart puncture with a hypodermic needle and 
syringe rinsed with heparin. The blood was centrifuged for 10 min at 
30'00 rpm and the plasma removed. The cells were washed twice with 
double their volume of isotonic saline. The organs were removed, weighed, 
an<;l transferred to flasks for digestion. 

Tissue samples of about 2g (the entireorgad if nece ss'ary), we re 
transfe rred to 250 -cc Erlet:lrne ye r flasks with small funnels placed in the 
mouth to act as reflux condensers'. "Fiveml· of concentrated nit'ric acid 
and 2 'ml ofcencentrated sulfuric acid were addeq. to each sample and each 
flask was heated on a large hot plate, gently at first toprevent too vigorous 
a reaction. As the digestion progressed, the temperature was slowly raised 
to maintain a moderate rate of reaction. Digestion was continued until a 
colorless to light-straw-colored solution was attained ... In case of charring, 
additional nitric acid was added and the ashing continued to completion. After 
digestion, the flask was cooled, 2 to 3 ml of doubly distilled water added, and 
the flask reheated to destroy anyrerraining:nitrosyl;..sulfuric. acid. This step 
was repeated, with heating, until dense white fumes of S02 were. evolved. 
Finally, 10 ml of doubly distilled water was added to the cooled flask and the 
contents were brought to boiling to facilitate solution of the salts. 

/ 
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Fig. 3. Copper fraction, showinga" mixture .of Cu
64 

and Cu
67 

with half 
lives of 12.8 hrand61 hr respectively. 
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Fig. 4. Gallium fraction, showing a mixture of Ga 66 and Ga 67 with 
half lives of 9.4 hr and 78.hr respectively. 
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To the sample or aHquot .having a volume of 10 ml and containing 1 to 
4 p.g of copper, 3 drops of cresolrediridicator we:t:'e ad~ed a.r;ld the solution 
adjusted to'a yellow color (pHIV' 2) with 'concentr,ated ammonium hydroxide. 

, To this, 1 ml of phosphate~citrate buffer and 10,mlof 0.001% dithizone 
(weight/ volume) in CC 1 was; added. ',The sarpple was shaken for15 min, on 
a mechanical shaker. ~he CG14 layer-was transfer,redto a centrifuge cone 
and then to a Beckman cuvette for reading. Double transfer was used to 
prevent the transfer of water with the CC1 4 . The optical density was ob
tained at 520 mfJ. with I-em cells in a Beckman DU spectrophotometer. 
Readings were compared with a standard copper curve prepared each day. 
The curves were reproducible, over a period of several weeks if the same 
stock dithizone was used. 

Blanks consisting of buffer, indicator, and water were used to prep,are 
the standard curves. In addition, reagent blanks (with water r~placing the 
tissue sample) were ashed. 

Reagents used: 

Stock copper standard: 100 fJ.g of copper per ml in double-distilled water 
- (0.0982 g CuS04 . 5H 20 per 250 ml). 

Working copper standard: A dilution of stock standard to give from 1 to 4 
fJ.g per ml in double -distilled water. 

Cresol red indicator: 0.02 g per 100 illl double -distilled water. 

C~n~entrated nitric acid, sulfuric acid, and ammonium hydroxide. 

Buffer solution: 8.3 g, of anhydrous disodiurnphosphate and 38 g of citric 
acid in 250 ml of double -distilled water. Traces of copper were re
moved by washing with stock dithizone solution. 

Stock dithizonesolution: 8 mg of dithizone (diphenylthiocarbazone) dissolved 
in,100 ml CC1 4 to give 0.01% (weight/volume) solution. Dithizone is 
usually only about 90% pure. Refrigerated in the dark. 

Workingdithizone solution: A 1: 10 dilution of thes tock dithiz,one ,with c: C 14 , 
Refrige rated and kept in the dark; 
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RESULTS 

The results of the experiment are summarized in Tabie 1. Ina number 
of instances the samples were lost orcontamihated during the digestion. 
Consequently there is a variation in the number of samples of different tissues 
analyzed. Attempts were .made to determine the copper content of adrenals, . 
pituitaries, ovaries, and bone marrow. However, the size of the sample was 
far too small and the copper concentration much too low for accurate deter
mination. Results for these tissues are notincluded in the table. 

Tissue 

Red blood cells 

Plasma 

Brain 

Kidney 

Muscle 

Spleen 

Liver 

Reagent blank 

Table I 

Copper content of various normal rat tissues 

Number of 
. samples 

28 

29 

40 

37 

30 

28 

44 

-7 

Copper content 
±standard deviation 

1.62 ± 0.44 !J.g/ml 

2.20 ± 0.57!J.g/ml 

4.53 ±. \.56 !J.g/gm 
wet tissue 

10.19 ± 2.21 !J.g/gm 
wet tissue 

2.37 ± 1.14!J.g/ gm 
wet tissue 

4.80 ± L88 !J.g/ gm 
wet tissue 

6.26 ± 1.45 !J.g/ gm 
wet tissue 

0.15 !J.g/ 10 ml of 
dithizone 

Our data were obtained on. a relatively large number of animals. Earlier 
work was limited to ten. or less. A comparison of the values reported by 
various authors for normal rat liver is given below. Lorenzen and Smithll 
have reported the values listed in Table II. 
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. Table:!! 

Coppe r content of rat live r as reported by various authors 

Workers 

Cunningham (1931) 

McHargue. (1925) 

Lindow, et.al. (1929) 

Lorenzen and Smith (1947) 

This paper 

Liver copper 
fJ.g/g wet tissue 

.3.01 

5;r5 

3.12 

9.37 

6.26 

In Table III are given the data from Lindow et al. for a variety of normal 
rat tis sues .. 

Table III 

Copper ccontentof various rat tissues as reported by Lindow et al. 

Tissue 

Brain 

Kidney 

Muscle 

Spleen 

. Whole Blood 

0/0 Water 

76.2 

74.4 

70.3 

75.6 

Copper' 
fJ.g/g dry 

9.14 

·12.41 

2.00 

3.41 

Copper 
fJ.g/g wet, 

2.27 

3.18 

0.59 

0.83 

0.54 fJ.g/ml 

As can be seen, our results are consistently higher than those reported 
by Lindow et al. This may be due to a dietary factor or to a difference in 
the method of antlysis .. The results presented here are used as a basis for 
carrier -free Cu 4 tracerexpe riments. 
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PART III. THE UPTAKE AND DISTRIBUTION 
OF, CARRIER-FREE COPPER.,.64 

IN NORMAL ADULT LONG -EVANS FEMALE RATS 

Although some information is available on the dis tribution of coppe r 
in the organs of ~he adult rat!O .the re has':bben little work done on the state 
of copper in these organs. Keilen and Mann isolated the copper proteinf:~ 
hepatocuprein and hemocuprein, from the liver and blood respectively. 
Holmberg and Laurell have isolated the copper-containing.alpha Z globulin 
protein from the blood serum ,and named it coeruloplasmin. 14 Normally 
about 90% of the coppe r in the seru!p is bound in coe ruloplasIT).in .. ' More 
recently, Earl et a1. have used Cub4 to study copper metabolsim in 
hepatolenticular degeneration in humans. 15 .,.. . .' 

The availability of carrter -£re~ c:;u64roade it. seem advisable to 
make a further study on copper metabolism in rats by the tracer technique. 

PROCEDURE 

Preparation of Tissues' 

, Adult female rats weighing between 115 and 145 g (average weight 
about 130 g) were injected via the tail ve:i.n with Cu64CI Z' A dose of 
650,000 cpm as measured iila well-type sodium 'iodide crystal counter was 
used. 

At various times, animals were ether-ap.esthetized and blood sp.mples 
were obtained by heart puncture with a heparin-rinsed hypodermic needle 
and syringe. The blood was centrifuged for 10 min at 3000 rpm and the 
plasma removed. The cells ,were washed twice with normal saline. Tiss'ue 
samples were obtained, weigh~d,and placed in L5-dram vials for counting. 
All counts were obtained with a well-type sodium'lodide crystal counter and 
were corrected back to the same initial time. 

Blood samples were also'obtained by periodically bleeding the animals 
via the tail vein, . and 50-gamma samples of whol~ blood wer~c.ounted. 

i. 

RESULTS AND DISCUSSION 

The results of the experiment are summarized in Tables IV and V. 
The value s for Table V were obtained by dividing the values in Table IV with 
the average copper content for that organ as reported in Part II. 

The whole -blood copper level plotted in F:i.g. 6 as a function of time 
levels off in about 1 hr. Although there is some indication that the copper 
level slowly rises again, additional data are necessary to ascertain this 
point. In Figs. 7 and 8 't,re given the time -concentration curve s for seve ral 
tissues. The plasma Cu 4 level follows the same pattern as in the whole 
blood. This is in agreement with the work of Earl et a1. on their control 
individuals. 15 There is little or no exchange of CU 64 with the red cell 
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Fig. 6. Uptake of Cu 64 in the whole blood of normal adult Long -Evans 
female rats following intravenous injection of isotonic copper 
chloride solution. 
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conditions same as in Fig. 6.) 
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Table IV 
, 

Uptake of intravenous Copper-64 in normal rat tissue: 
percent dose per wet tissue 

Time after Plasma RBC Kidney Liver Spleen Muscle Brain 
injection 
(min) 

7,.93 
... 

9.08 4 4.38 0.40 5.04· 0.41 0.07 

5 3.85 0.25 4 .. 17 5.08 9.82 0.31 0.07 

6 3.17 0.22 3.34 4.93 7.59 0.36 0.08 

14 2.99 0.24 5.03 7.77 7.72 0.28 0.09 

32 '1.44 0.15 5.73 8.28 7.91 0.29 0.04 

44 "1..16. 0.1t; .. 
.. . 8.36 :5.92 7;58 . 0: 23 0.05 

66 0.86 0.10 10.82 4.25 5.44 0.20 0.03 

79 1. 0 1 0.21 9.78 4.13 6.43 0.27 0.12 

100 0.45 '0,08 10.24 ' 3.50 '. 3.53 0.15 0.05 .. 

133 ., 1.01 0.08 13.'74 4.76 5.99 0.09 0.04 

180 1.05 0:12 7.03 3.61. 9.5.8 0.02 0.06 

245 1. 23 0.08 7.72 3.47 3.49 0.08 0.07 

267 0.96 0.08 

273 1.62 0.15 10.32 2.76 6.31 0.15 0.05 

276 0.86 0.07 4.51 2.37 6.13 
.. 

0.16 0.06 

303 1.41 0,14 6.18 3.52 7.52 0.17 0.06 

3.07 0.98 0.11 1.07 2.58 8.84 0.16 0.05 

311 - - -9.32 4.32 7.71 0.15 0.05 

371 1. 38 0.17 11.43 3.20 6.42 0.14 0.05 

373 0.83 0.10 8.73 2.60 6.02 0.11 0.04 
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Table - V 
'::. 

Uptake' of intravenous Coppe r -64 in normal rat tis sue: 
p'ercent dos_~pet tJ.gcoppe r in. tissue 

... . -

Time after Plasma RBC Kidney . Liver Splee'n Muscle Brain 
injection 

(min) 

4 1.99 0.25 0.49, -1.26 1.89 0.17 . 0.016 

5 1. 75 0.15 0.41' . 0.81 2.04 0.13 0.016 

6 1.44 0.14 0.33 0.78 1. 58 0.1'5 0.018 

14 1.34 0.15 0.49 1.24 1. 61 O. i2 0.020 

32 0.65< 0.09 0.47 1.32 '. 1.65 0.12 0.010 

44 0.53 0.10 0.82 0.94 1. 58 0.10 0.010 

66 0.39 0.06 1.06 ' 0.68 1.13 ' 0.08 0,.006 

79 0.46 0.13 ,0.96 0.66 1.34 0.,11 ' 0.02.5 
.-

100 0.20 , 0.05 1.00 . 0.56 0.73 0.06 0.011 

'133 0.46, 0.05 1. 35 0.76 1.25 .,0.04 ' 0.009 .' ' 

180 0.48 0.07 0.69 0.57 1.99 9·007 0.013 

245 0.56 '0.05 0.75 0.55 0.73. 0.032 ,0.015 

267 0.44 0.05 

273 0.74 0.09 1.00 0.44 1. 31 0.062 0.010 

276 0.39 0.04 0.44 0.38 1.28 0.069 0.013 

303 0.64 0.09 0.61 0.56 l. 56 0.070 0.014 

307 0.44 0.07 0.10 ? 0.41 1.84 0.066 (i), 0 11 

311 0.91 0.69 1.60 d.061 0.010 
" 

371 0.63 ., 0.10 i .12, 0.51 1.34 0.058 0.010 

373 0.38 ,0;06 '0.86 0.41 1.25 0,045 0.0,09 , 
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copper during the first 6 hr. The late rise in the plasma Cu
64 

level may be 
due to the release of labeled coeruloplasmin from the liver or some other 
tissue. The short half life of Cu64 forbade any att~mpt to ascertain the state 
of the copper in the plasma at some 'latter times. 

The kidney level rises slowly and then tends to oscillate. This is un
doubtedly due to variations in the animal's excretion. The liver level rises 
shqr.p~y and f~lls rather slowl~ after 2 hr. This ;may ind~cate a bindi?-g of the 
Cub4 ln the llver cells. Splemc Cu64 levels vaned cons1derably dunng the 
entire experiment, probably owing to varying degrees of blood pooling in this 
organ in the different animals. Muscle, and brain have little affinity for· tracer 
carrier-free copper; the uptake is slight and the rate of turnover very slow. 

Since each point on the curves represents: rio more than three anlmals 
at the most, and since the animals were not Htter mates, one could expect 
considerable variations in the results obtained. 

PART IV. THE DISTRIBUTION OF COPPER-64 PLASMA 
IN NORMAL ADULT LONG-EVANS FEMALE RATS 

Results on the distribution of Cu 64C l.z,Jollowing intravenous administration 
are given in Part IV. However, less than ru% of the plasma copper is normally 
present in labile form. The rest is bound to~an alpha2 globulin called 
coeruloplasmin. 14 Hence the question immediately arises whether or not the 
p~otein-bound cop~er W9ul~ be dist~ib.uted differently from CuClz' Lab~led 
w1th coeruloplasm1n Cub4 1S very dfff1cult to make because coerilloplasm1n 
normally present in the blood is completely saturated with copper. Further
more, the half life of Cu64 is far too short to allow time for the formation of 
the labeled coeruloplasmin and its separation from the blood. 'However, if 
the Cu ,C 12 is allowed ~o equili'~Hate with plasma for a time. the copper is 
bound to the blood prote1ns. Th1S plasma can then be used as 'the' protein-
bound copper system. 

PROCEDURE 

Preparation, of Coppe r -64 Plasma 

Five mlof plasma was obtained by bleeding a normal. rat'via heart 
puncture with a' heparin-rinsed hypodermic needle and syringe.' The blood 
was centrifuged and the plasma removed. The radiocopper was then added 
to the plasma and the mixture allowed to stand for 2 hr. After dialysis the 
activity of the plasma was -determined by means, of a.sodium iodide crystal 
counter. . . 

Preparation of Tissues 

Tissue samples and blood samples were prepared as described in 
Part III. 
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RESULTS AND DISCUSSION 

The results of the experiment are summarized in Tables VI and VII. 
The values for Table VII were obtained by converting the values in Table VI, 
using the ave rage copper content for each organ as dete rmined earlie r. 

The whole -blood Cu64 level is plotted in Fig. 9 The Cu
64 

-pIa'sma 
curve is nearly the same as that of CuCl . When Cub4CI Z is u~~d the blood 
copper level appears to rise again after thr, whereas when Cu plasma is 
used the blood copper level seems to fall at a very slow rate. 

64 . 
The plasma and erythrocyte Cu levels are shown in Fig. 10, Several 

differences,from th~ results obser:ed with Cu64CI Z are app~rent. O,ne must 
notc. that th1S expenment was earned out to 30 hr, whereas 1n that w1th the 
Cu 4 ClZ th~ sampling was stopped at 6 ~r. However, it is'quite apparent 
from th1S work that the erythrocyte Cu6 level tends to rise slowly as exchange 
witg4the red cell copper occurs or as new erythrocytes are formed containing 
Cu , Undoubtedly both occ'b~' with the first probably pred0:-ginating . In 
contrast to the study with Cu elz' the' plasma curve with Cu 4 plasma has 
an apparent peak at about ~..rr. After 4 hr there is a rathe'r slow but steady 
decrease in the plasma Cu level. The reason for this difference is not 
known .at this time,' . 

The time distribution curves for Cu64 plasma in the kidney, spleen, 
and liver are shown in Fig, 11. The kidney data are quite scattered, but the 
concentration appears to reach a maximum at about 36~r, It is also somewhat 
higher than that observed for CuCl2.' The splenic Cu level is fairly constant 
and at a relatively low leveL This 1S in contrast to the work using cupric 
chloride, the dose level in this experiment is about 1/10 that observed in the 
cupric chloride work and is much steadier, following a smoother curve, No 
obvious iuterpretation can be made at this time, but this variation in the spleen 
warrants further investigation. The level of Cu64 in the liver is nearly the 
same as that observed uSingCuCl z' 

As in the earlier experiment, the Cu
64 

uptake in the muscle and brain 
are again very low, In this instance the specific activity in these organs is 
about the same as was observed with CuCl Z' 

On a basis of percent dose per g of tissue., at 3 hr the bone marrow con
tained 0.1800/0, pancreas 0,53%, the pituitary Z.O to 5,3%, and the adrenal 
0.5Z%. Data for the adrenal, pituitary, and bone marrow were, in general, 
uneven and .unreliable owing to the low activity observed and the e rr,ors in
volved in sampling, weighing, and counting such small organs. The pituitary 
dose level was surprisingly high compared with that observed in the other 
endoc rine organs. 
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Table VI 

The dis tribution of Cu 
64 . 

ln various tissues. Percent dose 
per g wet tissue 

Time after Mus c Ie· Panc re as Brain Liver Kidney Total Total Spleen· 
injection plasma RBC 

4 min 0.214 0.360 0.184 2.67 2.32 51.22 1.174 .0.95 

16 if 0.228 0.470 0.110 4.87 4.00 29.86 0.192 0.83 

17 " 0.498 0.720 0.147 7.65 31.90 0.355 1.17 

31 II 0.183 0.044 3.14 4.57 9.23 0.073 0.40 

31 " 0.144 0.053 3.93 7.00 7.16 : 0.162 0.60 

45 ." . 0.207 0.610 0.068 4.33 11.26 .:. :'.9.71 0.130 0.64 

47 " 0.226 0.075 4.70 10.64 0.68 

,1 hi'; 0.122 0.680 0.·037 2.53 12.88 4.86 0.082 0.39 

1 ,,~ 0.179 0.060 5.76 10.48 5.29 0.104 0.66 

2 " 0.183 0.480 0.063 3.66 . 11. 79 5.04 0.124 0.47 

2 " 0.179 0.590 0.009 2.83 15.61 4.81 0.140· 0.46 

3 " 0.124 0.490 0.046 3.21 17.85 5.67 0.124 0.34 

3" 0.130 0; 560 0.058 3.40 13.19 5.98 0.142 0.65 

4 " 0.149 0.350 0.047 5.44 9.08 5.14 0.153 0.70 

4 " 0.110 0.--- 0.035 2.84 12.70 3.85. ·0.115 0.39 

5 " 0.122 0.056 3.15 17.86 5.25 0.300 0.40 

5 II 0.158 0.580 0.054 3.99 7.19 5.11 0.160 0.64 

6 " 0.126 0.31 0.049 3.16 16.88 4.37 0.200 0.45 

6 " 0.119 ·0;83 0.044 2,46 5.91 0.35 

5 " 10' 0.264 1.04 0.092 4.21 11. 94 0.330 0.97 

24.5 hr 0.165 0.35 0.075 2.38 6.69 5.32 0.270 0.64 

24.5 " 0.204 0.460 0.032 2.80 2.78 7.94 0.310 0.92 

29 " 0.130 0.390 0.071 2.56 8.23 5.15 0.670 0.66 
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Table VII 

" 

Thedistiibution of Cu64 in wihous' tis~ues: . Pe rcent dose .'.' . ,:-

,per iJ.g topper· 

'. -, 

Time after .' Muscle Brain Liver Spleen 'Kidneys' 
injection ' ;1 

4 min 0.09 0.04 0.42 . 0.20, 0.23 

16 " 0.10 0.02 0.77 0.17 O~39 

17 I' 0.21 0.03 0.24 0.75 

31 " . 0.08 0.10 0.50 0.08 0.45 

3 1 " 0.06 0.012 0.62 0.12 0.69 

45 ,'" 0 . .09 0.015 0.69, 0.13 LI0 

47 " 0.10 0.·017 0.75 0.14 1.04 

1 hr 0.05 0.008 0.40 0.08 1.i6 

1 Ii 0.08 0.013 0.92 0.14 1.03 

2 Ii 0.08 0.014 0.58 0.10 1. 16 

2 " 0.08 0.002 0.45 0.10 1. 53 . 
3 Ii 0.05 0.010 0.51 0.07 l. 75 

3 Ii 0.05 0.013 0.54 0.14 1.29 

4 " 0.06 0.10 0.86 0.15 0.86 

4 " 0.05 0.008 0.45 0.08 1.24 

5 " 0.05 0.012 0.50 ' 0.08 1. 75 

5 II 0.07 0.012 0.63 0.13 0.70 

6 " 0.05 0.011 0.50 0.09 1.65 

6 " 0.05 0.010 0.39 0.07 0.60 
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,CONGL USION 

The. foregoing data <:>n the ~istributi8~ ofC~64 inv~ri~usti~~,U~SOf .t~e 
rat afte r Intravenpus'admInstratlon of Cu, plasma have been ,reported wIth 
some misgIvIngs. Some differences were observed when these results were 
compared w.~t~ those found .afte r the' adminis tra~ion of Cu 64C ~2 .. ':['h~~;e~iffe r,
ences are dIffICUlt to explaInmere:I.yon the baSIS of the form of the Injected 
copper.' It would appear that injected CuC 12 would ve ry quickly combine 
with the plasma proteins in vivo, and that tlie same situation would exisLas 
observed in this experiment:--SOmeslight differences could be expected in the 
first hour or so, but most of the' observed differences occurred"aTa'latertime 
in the experiment. ,The splenic values are quite different in the two experi-: 
ments and ce rtainl ywarrant furthe r investigation. 
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