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Influence of Estrogens on Total Serum Copper and Caeruloplasmin.” (22512) 

ELLA M. Russ AND JULIE RAYMUNT. (Introduced by David P. Barr.) 
Department of Medicime, New York Hospital-Cornell Medical Center, New York City. 

Studies in this laboratory involving the 
separation of low-density lipoproteins from 
Cohn Fraction I + I11 of human plasma 
have led to observations on the capper-bound 
protein, caeruloplasmin. 

Methods. Plasma of human subjects, be- 
fore and after a course of estrogen therapy, 
was fractionated according to method No. 10 
of Cohn and his associates(1) as adapted in 
this laboratory( 2). Fraction I + I11 con- 
taining all of the low-density lipoproteins, 
almost all of the caeruloplasmin, fibrinogen 
and trace amounts of other proteins, was 
then brought to a solution density of 1.063- 
1.070 with NaC1 and centrifuged at 30,000 
rpm in a Spinco Model L centrifuge for 2 1  
hours a t  5°C. All lipoproteins were thus 
floated to the top in a characteristic yellow, 
fatty layer while the remaining proteins were 
densely packed in a blue (to blue-green layer 
in the bottom of the tube. The blue color 
was attributed to caeruloplasmin, and its in- 
tensity to the concentration of the copper- 
bound protein. I t  was consistently noted 
that the blue color of this layer in Fraction 
I + I11 from equivalent amounts of plasma 
was always more intense after subjects had 
received estrogen. Thus we were prompted 
to make quantitative measurements for cop- 
per and caerulopasmin before and after the 
hormone was given. Realizing the probability 
that caeruloplasmin was present in Fraction 
IV + V + VI as well as Fraction I + I11 of 
the Cohn method number 10 and that recuv- 
eries of minute amounts might not be ideal, 
analyses for copper were carried out on un- 
fractimated serum. The diethyldithimr- 
bamate colorimetric method of Gubler and 
co-workers( 3,4) was employed. With their 
procedure they demonstrated that all copper 

*These studies have been aided by grants from 
US. Public Heakh Service, by support from the 
Commonwealth Fund, the Albert and Mary Lasker 
Foundation, and by gifts from Mrs. Katherine Lilly 
conroy. 

not ccrmplexed as caeruloplasmin reacts di- 
rectly with the carbarnate. This is termed 
the “dErect” reacting fraction and normally 
accounts for only a b u t  0-10% of the total 
serum copper. The “indirect” reacting frac- 
tion, or that portion not reacting directly with 
carbarnate, presumably corresponds to caeru- 
loplasmin and normally represents the bulk 
(90-1000/0) of the total copper. Markowitz, 
Gubler, Mahoney, Cartwright and Wintrobe 
( 5 )  showed that concentrations of caerulo- 
plasmin calculated from the copper values of 
the “indirect” fraction were in good agree- 
ment with those they obtained from immuno- 
chemical and Warburg manometric technics 
using paraphenylenediamine as substrate. 

Results. Table I shows the results for to- 
tal, “direct” and “indirect” copper concentra- 
tions in unfractimated serum from a variety 
of patients before and after a cojurse of estro- 
gen. I t  includes diagnoses and also dose a d  
duration of .estrogen #treatment. None of the 
subjects had received any other fmm of drug 
therapy, either immediately preceding or dur- 
ing the experiments. None lsuffered respira- 
tory infections. In all instances there was, 
after 3 to 4 weeks on 1 mg Estinyl (Ethinyl 
Estradio1)t ad., a 1.5 {to 2.5-fdd increase in 
bath the total and “indirect” reacting copper. 
Subject BZa still showed a 71% increase even 
after his dose had been lowered to 0.25 mg 
0.d. for 4 weeks. For purposes of comparim 
we have shm in the Table copper concentra- 
tions of normal males and females (6). Val- 
ues in our laboratory on 6 normal individuals 
fell within their normal range. 

Hypercupremia has been reported in a va- 
riety of diseases for which there is no known 
common denominat~r ( 7). The highest val- 
ues reported appear to (be in acute leukemia 
and in normal pregnant women( 7 ) .  Higher 
values for total and “indirect” reacting serum 
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t Kindly supplied by Dr. John Black of Schering 
Corp., Bloomfield, N. J. 
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T A B L E  I. Direct and Indirect Reacting Serum Copper Levels following Estrogen Therapy. 

Control (copper, y/1N) ml) -Estrogen therapy$ (copper, ~ / 1 0 0  m1)- 
Dura- 
tion Dose 

Suhj ec t s Total Direct Indirect (wk) (mg, 0.d.) Total Direct Tndirect 

Bla 8 39 157 25 132 4 1.0 334 32 282 

4tli  8 49 153 1 5 7 38 4 1.0 356 34 322 
coronary occlusion 8 1.0 3 i S  i1 304 

corou:try occlusion 4 .5 283 7 7  205 
4 .25 268 47 221 

Cnr 9 47 
myxedema 

Cit  Q 59 
rnyxedema 

Ror 9 7 2  
my sedenia 

c o p  9 39 
xanthoina tosis 

S f a  9 t9 
s~lntllonla tos1s 

Hua 9 56 
xaii tlionia tosis 

6 normals 
(ours) 

"23 normal 9 
40 " 8 

131 14 117 

254 34 "20 

15(! 13 1 B i  

152 6 146 

l i 5  24 151 

169 0 169 

(lU1-13T) 

116 -C- 16 
105 2 16 

15 
3 

4 

I! 

4 
15 
4 

8 
16 

1 .o 
1 .o 

1.0 

1 .o 

1.0 
1.0 
1.0 

1 .o 
1.0 

522 
340 

374 

202 

325 
320 
328 

360 
331  

35 
36 

18 

- 
I 

6 9 
93 
"9 

39 
" 5  

487 

304 

356 

195 

256 
227 
599 

321 
309 

t 10 iiiisecliiorinals 109 ? 1 7  5 ti 103 & 11 
2 S T  2 38 29 2 1  3 228 2 35 10 normal pyeg- 

miit Q 

* Reference (6) .  t Reference (5). 

copper were obtained after administration of 
estinyl than was found in any previously re- 
ported condition and even in the third trimes- 
ter of pregnancy(5). In  view of these ob- 
servations and reports that serum copper con- 
centrations are significantly higher in females 
than in males( 6) the possible interrelation- 
ship between the enzymatically active caeru- 
loplasmin and estrogen metabolism is sug- 
gested. 

Summary. 1. Administration of estrogen 
as Estinyl (Ethinyl Estradiol) in doses 
ranging f r m  0.25-1.0 mg 0. d. for 3 to 4 
weeks markedly increased the serum total and 
"indirect" reacting copper or caeruloplasmin 
levels in 8 subjects with a variety of diseases. 
2. Values obtained after 4 weeks on 1 mg 
Estinyl 0. d. were considerably higher than in 
any previously reported conditions. 

$ Estrogen given a s  Estiiiyl (ethin?-l estradiol). 
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