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(Received for publication January 18, 1932)

This is a report of an investigation into the extent to which the copper
and non-hemoglobinous iron levels of the blood serum are shifted in dis-
ease, and the extent to which the shifted levels may reflect underlying
disturbances of tissue respiration and metabolism.

The levels of copper and non-hemoglobinous iron in the blood serums
of fasting individuals are determined by balances between the rates at
which the metals are drawn or excreted from the cells and the rates at
which they are excreted from the body. In the absence of changes in the
rates at which the metals are excreted from the body, increased levels in
the serum signify decreased levels within the cells, and vice versa.

Increases in the copper content of normally respiring cells would ap-
pear to be accompanied by a reduction in the intensity of their metab-
olism. The respiration of the unripe Arbacia egg decreases progressively
as the content of copper increases. Following fertilization, the copper
content becomes reduced, as the result of the excretion of a *“copper-
avid” substance into the supporting medium, and the rate of respiration
rises (1). Additions of copper to cultures of baker’s yeast are followed by
proportionate decreases in the rates of respiration and glucolysis (2).
Concentrations of copper equivalent to those present in human serums
are not only partially inhibitory to respiration and glucolysis but also to
proteolysis (3) (4) and lipolysis (5) (6) as encountered in the cells which
make up mammalian tissue.

Increases in the iron content of living cells would appear to be followed
by an augmentation of metabolism. Additions of iron to cultures of the
anaerobic Cl. sporogenes are followed by increases in metabolism of such
intensity as to lead to the disintegration of the organisms (7). Compara-
ble additions to cultures of baker’s yeast are without effect (2). Aerobic
cells appear to have a mechanism for holding the iron level within a toler-
able range, presumably through the removal by oxidation and excretion
of all but a minimal fraction of the catalytic iron intake. Impairment of
this mechanism through a restriction of the oxygen intake may, in healthy

1 Presented before the Central Society for Clinical Research, November 20,

1931.
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528 COPPER AND IRON OF SERUM

animals, be followed by a temporary stimulation of metabolism, reflected
in an increased rate of production of red blood corpuscles and an aug-
mentation of functional activity in general (8). In tumor cells, where the
oxidation mechanisms may be defective (9), ferrous iron may tend to
accumulate to a level sufficiently high to initiate the increased rate of
growth, death, and autolysis which is associated with the development of
tumor tissue.

The first determinations of the copper and non-hemoglobinous iron
contents of human serum were published by Warburg and Krebs in 1927
(10). The analyses were made by a catalytic method, developed by
Warburg (11), which appears to give accurate values in the hands of
persons trained in its use. The series was extended to a total of eighty-
nine serums by Krebs in 1928 (12), the added analyses being restricted to
determinations of copper content. The serums of ten normal individuals
were examined. Separation of the figures reported into values character-
izing men and values characterizing women indicates an average copper
level for the former of 0.82 microgram and for the latter of 0.98 micro-
gram per cc. The average copper level for twelve persons with pulmo-
nary tuberculosis was 1.55 microgram per cc., for thirteen women in the
final months of pregnancy, 2.07. Analyses of the serum in other condi-
tions also were reported, the values being, on the whole, comparable to
those reported herewith.

Analyses of whole blood for copper have been made by Schindel (13),
using the Schonheimer-Oshima modification (14) of the Spacu-Biazzo
method (15), a method which is not practicable for general use because of
the large amount of sample required. The values appear to be high.
They corroborate the distribution of copper between the maternal and
fetal blood reported by ourselves, and the distribution of copper between
the plasma and corpuscles reported by Flinn and Inouye (16). Addi-
tional analyses of human blood for copper have been reported by Schén-
heimer and Oshima (14), Kleinmann and Klinke (17), Herkel (18), and
Grendel (19).

Analyses of the bloods of other species are reported by McHargue
(20), the pioneer in the field, and by Warburg and Krebs (10), Abder-
halden and Maller (21), and Grendel (19). The values for the copper
content of horse serum reported by Elvehjem, Steenbock and Hart (22)
are out of line with the results obtained by ourselves and others. Their
method of ashing is possibly not adapted to serum because of the risk of
volatilizing copper chloride.

The values reported by Warburg and Krebs for the non-hemoglobi-
nous iron contents of human serums would, perhaps, have been in closer
agreement with those reported herewith had more determinations been
made. The values reported by Riecker (23) (24), using a method similar
to our own, are, singularly enough, approximately ten times too high.
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The rise of the iron level in untreated pernicious anemia and its correction
following liver therapy, as observed by Riecker, are confirmed in this
report, as are his observations of a lowered iron level in anemia secondary
to hemorrhage. The latter observation has been reported also by Fontés
and Thivolle (25).

Values for the iron content of the serums of species other than man
have been reported by Barkan (26), Starkenstein and Weden (27),
Warburg and Krebs (10), Henriques and Roche (28), Abderhalden and
Mséller (21), and Fontés and Thivolle (25).

METHODS

The following procedures permit the determination of the copper and non-
hemoglobinous iron contents of ten cc. of fresh blood serum with an accuracy
of == ten per cent and with the time, apparatus, and technic at the disposal of
the ordinary clinical laboratory.

Ten cc. of the serum to be examined are measured into a carefully cleansed,
well seasoned 50 cc. centrifuge tube. An equal volume of a 20 per cent solution
of redistilled trichloracetic acid is added and the well suspended mixture per-
mitted to stand for 2 hours, with occasional resuspension, before centrifugation
for 30 minutes at a speed of 1500 rotations per minute. Two portions, 4 cc.
and 3 cc., of the clear supernatant liquid are transferred to 125 cc. glass-
stoppered Erlenmeyer flasks for copper analysis. Two further portions of 3 cc.
and 2 cc. are transferred to similar flasks for iron analysis. Equivalent volumes
of 10 per cent trichloracetic acid are taken for use as blanks.

Copper analysis. Each aliquot is diluted with glass-distilled water, to-
gether with the blank and, occasionally, a reference control, to a volume of 9 cc.
One drop of 1 per cent phenolphthalein is added, followed by a sufficient volume
of a saturated solution of metal-free sodium hydroxide to produce a stable red
color. The color is discharged by the addition of an excess of 3 drops of glacial
acetic acid. Approximately 0.2 cc. of pyridine 2 are added and 1 cc. of a 1 per
cent solution of Eastman’s sodium diethyl dithio carbamate which is free of
sediment.? The mixtures are permitted to stand for 1 hour, when exactly 2 cc.
quantities of amyl alcohol are added. After vigorous shaking, and standing
for the 2 to 3 minutes required for the separation of the water and alcohol
layers, the latter are transferred to small test tubes with Pasteur pipettes
equipped with small rubber suction bulbs. In the unusual event that the iron
content of the sample is greatly in excess of the copper content, the alcohol
extracts may have a transient brown-black tinge which must be allowed to fade
before making the colorimetric comparison with the standards. The extracts
are ordinarily a stable, clear yellow in color. The color of the standards
is developed at the same time and in the same way as that of the unknown
supernatant. It is convenient to use standards containing 1.5 to 2.0 micro-
grams of copper per 2 cc. of alcohol extract, and to prepare them from a solution
of copper sulphate in 0.01 N sulphuric acid which contains 5 micrograms of

copper per cc.

2 The pyridine does not enter into the composition of the color complex.

3 The use of this reagent for the detection and estimation of copper was
first recommended by Callan and Henderson (29). The procedure for iron
analysis is adapted from a method proposed by R. P. Kennedy (30).
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Iron analysis. No waterisadded. The stoppers of the flasks are removed,
1 cc. of redistilled sulphuric acid and 3 drops of perhydrol are added, and the
mixtures kept on an asbestos-covered hot plate, at a temperature sufficient to
maintain 50 cc. of water in a similar container at a temperature of 75 to 85° C.,
until incipient charring is manifested by a distinct yellow or brown coloration
in the digest. A sufficient volume of a 0.05 N solution of iron-free potassium
permanganate is added to the partly cooled digests to accomplish their decolor-
ization. Not more than 2 to 3 drops should be required. Approximately 15 cc.
of glass-distilled water are added and the heating resumed for 30 minutes. The
contents of the flasks are cooled, the stoppers replaced, and 2 more drops of
permanganate solution added. Exactly 2 cc. of amyl alcohol are added while
the permanganate color still persists and are followed at once by the addition of
10 cc. of a 20 per cent solution of iron-free potassium thiocyanate. After
thorough shaking, the flasks are allowed to stand for 2 to 3 minutes. The al-
cohol layers are removed, and the colors compared with those of standards,
as described in the section on copper analysis. The colors of the standards
should be closely equivalent to those of the unknowns with which they are to be
compared and readings should be made rapidly before appreciable fading can
occur. Itis convenient to have ready a series of standards containing 0.5, 1.5,
and 2.5 micrograms of iron per 2 cc. of alcohol extract, and to prepare them
from a solution of ferrous ammonium sulphate in 0.01 N sulphuric acid which
contains 5 micrograms of iron per cc. The iron standards contain 1 cc. of
sulphuric acid in the 15 cc. of their total volume but are not heated and contain
no perhydrol or trichloracetic acid.

The colorimetric comparisons may be made, with accuracy, in inexpensive
6 to 8 x 75 mm. tubes with optically flat bottoms. The tubes are covered with
black paper and the contents compared by looking through at a white porcelain
surface, well illuminated by reflected sunlight. The lengths of the liquid col-
umns are varied with the aid of the Pasteur pipettes used for the isolation of the
alcohol extracts and the readings made by application of a small straight-edge
ruler.

The copper and iron blanks should not exceed 0.4 microgram in total
amount and must be determined with the same care as the metal contents of the
samples themselves.

The amounts of copper and non-hemoglobinous iron in 1 cc. of serum are,
within the limits of error inherent in the method, twice those present in the
trichloracetic acid extract used for analysis.

Copper, in amounts appreciably in excess of those encountered in human
serum, tends to interfere with the redness of the color normally produced by
ferric ion with thiocyanate. Iron does not seriously interfere with the deter-
mination of copper, by the procedure described, even when present in amounts
considerably in excess of those found in human serum. The presence of a
trace of hemoglobin in the serum does not affect the recovery of either copper
or iron.

Normals

Table 1 presents the distribution of copper and non-hemoglobinous
iron in the blood serums of a group of hospital employees, apparently well
and actively engaged in work. The blood was obtained in carefully
cleansed and dried containers before breakfast and kept in the refrigerator
for three to six hours before separation of the serum by centrifugation.
The analyses were carried out as has been described.
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TABLE 1

The copper and non-hemoglobinous iron contents of the blood serums of a group of twenty-
eight “normal” adults

Serum Per cent Sexum Ratio of
Distribution of serum copper
Copper Iron in blood Copper Iron to iron
micrograms | micrograms micrograms | micrograms
per cc. per cc. per cent per cc. per cc.
of serum of serum of blood of
Men:
K 0.79Vt 1.45bt 470t 0.37%t 0.68b¢ 0.5 : 10t
) 81 1.381t 43 35 591t 6 : 11t
3 .79 1.15 46 .36 S1 g1
2. . .73 .90 43 31 .38 8:1
20 1.06ht 1,200t 44ht A47ht .S7ht 8 :1bt
2. .87 .87 45 39 39 10:1
1........... 1.08t .83 49 53¢ 41 1.3:1¢
Women
2., .79bt 1.41bt 51bt .40bt .72bt .6 : 1Pt
) 811t 1.041 50t 411 521t 81kt
K 95 92 52 49 48 10:1
2. ... 1.06%¢ 942t 50%t 538t 475 1.1:18¢
3 .90 a7 54 49 42 1.2:1
3 .90 .62 57 51 35 15:1
Averages,
Men (8)..... 0.80+8 | 1.00+£15 | 4542 0.35+4 04447 [08+2:1
Women (9). . 9243 J7£15 | 5443 S50+1 4247 [1242:1

a: age more than 50 yrs., b: bilirubinemia, {: fasting interval more than 12
hours, h: later found to have a high basal metabolic rate, 1: later found to have
a low basal metabolic rate, t: not considered in the averages.

The presence of bilirubin was apparent in several of the serums ex-
amined, through the bluish green color of the products of oxidation car-
ried into the trichloracetic acid precipitates during the preparation of the
samples for analysis. These serums appeared to contain more iron than
serums giving a colorless precipitate with trichloracetic acid. They were
not considered in the computation of the averages.

Others of the group could not be considered in the averages for the
. reasons indicated in the footnotes appended to Table 1.

The majority of the men had lower, and more variable, copper levels,
and higher iron levels than were found in the majority of the women.
The women’s blood contained more serum than the men’s blood. The
differences in the copper levels of the two sexes became accentuated, and
the differences in the iron levels minimized, when this factor was taken
into account. The copper : iron ratio characteristic of the majority of
the women was approximately 50 per cent higher than that characteristic
of the majority of the men.
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The women'’s serums were selected and examined with the possibility
of the existence of a cyclic variation of the copper and iron levels in mind.
None was observed.

Conditions in which the iron content of the serum is increased

The non-hemoglobinous iron content of the blood serum was uniformly
above the normal, twelve-hour fasting level in only two of the abnormal
conditions which came to our attention, namely, untreated pernicious
anemia and icterus.

Extension of the fasting interval from twelve to twenty-four hours is
attended, in normal persons, by a twenty to fifty per cent increase in the
iron level, a five to ten per cent increase in the copper level, and an in-
determinate increase in the bilirubin level.

The high iron levels observed in untreated pernicious anemia compare

TABLE 2

The effect of extension of the fasting interval on the copper and non-hemoglobinous iron
contents of the serum. The effects of pernicious anemia and icterus

Serum .
Subjects %zggegf Bclolﬁ?:f
Copper Iron to iron
micrograms | micrograms
per cc. per cc.
Normal persons,*
After fasting for 12 hours.......... 0.77 0.75 1.0:1 -
After fasting for 24 hours.......... .84 1.04 8:1 +
Pernicious anemia, {
Before liver therapy............... 1.22 1.15 1.1:1 ++
8-12 daysafter................... 1.09 .80 14:1 +
Pernicious anemia, hyperthyroidism,
Before liver therapy............... 1.70 2.60 q:1 +++
8daysafter.................. ... 1.60 1.00 16:1 ++
Bilirubinemia f....................... .78 1.44 St ++
Cirrhosisof liver §.................... 1.20 1.85 O6:1 | +4+4++

* Average of 3 consistent series.

t Average of 3 comparable subjects.
{ Average of 3.

§ Average of 2.

with the values observed after liver therapy very much as the values for
normal individuals after a twenty-four hour fast compare with the values
for normal individuals after a twelve hour fast.

The catalysts of cellular metabolism may, themselves, be partially
destroyed by the processes which they accelerate, much as matches are
consumed by the flames they kindle. The destroyed parts of the catalysts
may be excreted into the blood stream and the rate of their destruction
may find reflection there in the height of the metal and bilirubin levels.
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The increased levels accompanying incipient starvation may mirror the
progressive depletion, in the cell nutrient, of substances capable of pro-
tecting the iron-carrying catalysts from oxidation. Substances of the
iron-sparing type may be essential constituents of liver and other extracts
effective for the correction of pernicious anemia. In vitro, additions of
liver extract to cultures of Cl. welchii are as effective in stimulating the
production of hemotoxin as further additions of ferrous iron (31). Per-
nicious anemia may be, in part, the end result of a chronic deficiency of
substances capable of curbing the wasteful burning-out of the catalysts of
cellular metabolism.

Brugsch and Irger (32) report an apparently quantitative relationship
between the amounts of iron and bilirubin which are excreted in the bile
of dogs. No parallel, inflexible relationship appears to exist in the serum
of man, since we have found increased concentrations of the pigment in
the serums of several persons with normal or abnormally low iron levels.
Uncomplicated bilirubinemia has been accompanied by a high serum
iron level without exception, as has icterus resulting from cirrhosis of the
liver.

Conditions in which the iron content of the serum is decreased, the copper
content remaining within the normal range

The non-hemoglobinous iron content of the serum is decreased, with-
out significant accompanying increase or decrease in the copper level,
in conditions analogous to carbon monoxide poisoning, associated with a
depletion in the oxygen carrying power of the blood, and in conditions
analogous to barbital poisoning, associated with a depression of the rate
of intracellular oxidation.

The rabbits described in Table 3 were, for the most part, afflicted with
parasitic infestations of the intestinal tract and other complications which
prevented the establishment of true rabbit normals. It seemed impos-
sible to purchase animals in perfect health. For this reason, emphasis
is placed on the per cent change in the copper and iron levels, rather than
on the absolute values obtained.

The test bleedings of the rabbits were followed by a fairly uniform
drop of 10 to 15 per cent in the hemoglobin level, a parallel drop in the
non-hemoglobinous iron level (in the absence of complications), and a
20 to 30 per cent drop in the copper level.

No further drop in the copper level was observed following the insti-
tution of bi-diurnal bleedings or of poisoning with carbon monoxide or
barbital.

The decreased iron levels observed in the serums of the rabbits ex-
posed to carbon monoxide were due, specifically, to the depleting effect
of that gas upon the oxygen-carrying capacity of the blood. Control
rabbits, kept in chambers ventilated in an identical manner but free of
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carbon monoxide, showed no parallel changes excepting for the initial
drop of the copper and iron levels which follows the institution of weekly
bleedings. Other rabbits, subjected to a depletion in blood oxygen-
carrying capacity comparable to that obtained with the carbon monoxide,
but as the result of bi-diurnal bleedings, responded with comparable
decreases in the non-hemoglobinous iron content of their serums.

The metal levels in the instances of secondary anemia, in man, which
have come to our attention have been influenced principally by the
complications present.

It is an interesting commentary on the faithfulness with which both
the normal and the diseased organisms tend to maintain a characteristic

TABLE 3

The copper and non-hemoglobinous iron contents of the serum in conditions associated with
a depression in the basal metabolic rate

Serum
Description R‘t‘f of
Copper Iron to Iron
micrograms micrograms
per cc. per cc.

Rabbits subjected to a Before........... 0.50 1.67 03:1
10-15 per cent deple- After............ 35 1.45 24:1
tion in blood Os-carry- Change, per cent...| —30 —-15 -20
ing capacity as the re- :
sult of weekly bleed-
ings*

Rabbits subjected to a Before........... .72 1.40 S
25-30 per cent further After............ 47 42 11:1
decrease in blood Os- Change, per cent...| =35 —-70 +120
carrying capacity as
the result of exposure
to carbon monoxide *

Rabbits subjected to Before........... .64 1.37 St
weekly bleedings and, After......... L. .52 52 10:1
in addition, injected Change, per cent...| —20 —60 +100
with sub-lethal doses of After recovery .... .53 1.42 4:1
barbital t

Rabbits subjected to a Before........... 72 1.23 6:1
30 per cent depletion After............ 54 48 11:1
in blood Os-carrying Change, percent...| =25 -00 +80
capacity as the result
of bidiurnal bleedings 1

Men:

Normal.......oovviiiiiiiniiinneennnnns 808 1.00+15 | 0.8+2:1
Barbital poisoning. ................. ... 91 27 3.7:1
Divergence, per cent| +15 =75 +360
Dwarf, basal meta-
bolicrate —26........cccoviiininnnn. 95 42 23:1
Divergence, per cent| 20 —60 +190
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TABLE 3 (continued)

535

Serum Ratio of
Description copper
Copper Iron to iron
micrograms micrograms
per cc. per cc.
Women:
Normal.................. v, 9243 NYESH] 1.242:1
Menorrhagia, basal
metabolicrate —16%................... .85 15 5.7:1
Divergence, per cent| —10 —80 +370
Pituitary, ovarian
dysfunction, basal
metabolicrate +4.................... 1.24 .33 38:1
Divergence, per cent| +35 —60 +220
Barbital poisoning...................... 1.42 .39 3.6:1
Divergence, per cent — -50 —
Low basal metabolic
rate (—27) of un- )
determined origin. . ................... .79 40 20:1
Divergence, per cent —15 —-50 +65
Hypothyroidism, no
medication, basal
metabolic rate —27..................... Ni .89 9:1
Divergence, per cent| —20 +15 —-25
Hypothyroidism, receiv-
ing thyroid, basal
metabolicrate —4...................... 1.50 .90 16:1
Divergence, per cent ~+60 +15 +35
Nephritis without edema t................. .96 97 1.0:1
Nephritis with tendency toedema ......... 75 41 1.8:1
Addison’s disease, cyanosis, starvation, basal
metabolicrate —30..................... 1.61 .70 23:1
Polycythemia vera, cyanosis, basal metabolic
rate —4 ... .64 99 NED!

* Average of 3 consistent series.
t Average of 4.
f Average of 2.

copper-iron picture that while differences of more than 100 per cent were
found in the initial copper and iron levels of the different rabbits used in
the experiments reported in Table 3, those same differences were again
established upon recovery from the experiences to which they were
subjected. Recovery was, of course, to the status of rabbits used for
weekly bleedings and not to the status of unused rabbits.

The decreased serum iron levels observed in the rabbits injected with

35
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sub-lethal doses of barbital were found also in two persons suffering with
barbital poisoning. Analogous decreases were observed in two instances
of menorrhagia, in one of dwarfism, and in one of combined pituitary and
ovarian dysfunction.

The basal metabolic rate is reported to be lower in nephritis with
edema than in nephritis without edema (33). The metal levels in the
patients with Addison’s disease and polycythemia vera were affected by
the complications present.

The copper level in the single instance of untreated hypothyroidism
available was slightly below the levels normally observed in women.
The iron level was not depressed, differentiating the condition from those
in which the basal metabolic rate was depressed as the result of pituitary
and ovarian dysfunction.

Increases in the copper content of the serum, indicative as they are of a
depletion of the copper content of the tissues and a consequent decreased
extent of inhibition of cellular metabolism, tend to be accompanied by an
elevation of the basal metabolic rate. This tendency may, of course, be
nullified either wholly or in part as the result of complications, such as
oxygen want, which tend to depress the metabolic level.

Transfer of copper from the tissues to the blood may follow the inges-
tion of food rich in cuprophile substances, the hypersecretion of ‘' copper-
avid” hormones, or the disintegration of depots of strongly cuprophile
bacteria. Or, it may follow the depletion of the cellular contents of
glutathione, anionic ferrous iron, unsaturated fatty acids, and related
substances with a high affinity for copper. Such depletion may follow
the simple loss of these substances which occurs in starvation, the growth
of neoplasms, and the development of fetuses, or it may follow the in-
creased intensity of intracellular oxidation which accompanies an in-
crease in body temperature. Substances of the glutathione, etc. type
lose their high affinity for copper upon oxidation.

Conditions in which the copper content of the serum is increased, the iron
content remaining either within or below the normal range

The copper content of the serum is increased, and the iron content
decreased in conditions accompanied by a rise in body temperature. The
copper content alone is changed in conditions accompanied by an eleva-
tion of the basal metabolic rate without rise in body temperature.

Sanborn (33) gives the following ranges for the basal metabolism of
pregnancy, leukemia, pulmonary tuberculosis, and pernicious anemia:
+ 33 to + 35, 4+ 21 to + 123, + 3 to + 30, and + 2 to + 23. Values
of 4+ 10 to + 50 are reported in carcinoma (34).

Hyperthyroidism and thyroid therapy were accompanied by an in-
crease in the copper content of the serum, with no concomitant increase
in iron content.
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The unusually high copper level reported for the instance of pregnancy
accompanied by miliary tuberculosis was observed several weeks before
the existence of the complication was discovered. Comparably unusual
values were twice observed in rabbits with, at the time, no other conclu-
sive evidence of abnormality. The animals later developed large cysts
and had to be sacrificed.

Normal pregnancy appeared to be associated, at term, with an in-

TABLE 4

The copper and non-hemoglobinous iron contents of the serum in conditions associated with
an elevation of the metabolic rate

Serum Ratio of
Description copper
to iron
Copper Iron
micrograms micrograms
per cc. per cc.
Normal men.............................. .80+8 1.00+15 0.8+2:1
Normal women ........................... 09243 0.77+15 1.2+£2:1
Hyperthyroidism, no medication, basal meta-
bolicrate +27*........................ 1.35 72 19:1
Hyperthyroidism, receiving Lugol's, basal
metabolicrate + 27..................... 1.39 .28 50:1
Hypertension, receiving oridine, basal meta-
bolicrate +32......................... 1.06 .30 35:1
Pregnancy, normal, at term,
Maternal blood *..................... 2.0 .8 25:1
Fetalblood t......................... 53 1.6 31
Pregnancy, at term, anemia,
Maternal blood. ...................... 1.4 4 3.5:1
Fetalblood.......................... .50 Ni g1
Pregnancy, at term, miliary tuberculosis ... .. 3.3 .8 41:1
Pregnancy, 7-8 months, eclampsia, hyperten-
sion ... 2.0 1.1 1.8:1
Carcinoma,
Breast, metastases, anemia *. . ... ...... 2.0 9 2.2:1
Cervix, anemia, slight fever............ 1.9 1.1 1.7:1
Rectum, emaciated, dying.............. 2.3 1.0 23:1
Prostate, bladder *. . .................. 1.4 A8 29:1
Chorion epithelioma, anemia............... 1.6 .23 70:1
Pulmonary tuberculosis§ .................. 1.46 48 3.0:1
Mpyelogenous leukemia, pulmonary edema,
oligoplasmia............................ 1.9 1.2 16:1
Myelogenous leukemia, temperature + 1.5°F.* 1.36 .28 49:1
Diabetes, infection. . ...................... 1.9 46 4.1:1
Diabetes, head injuries, temperature + 1°F..| 1.5 .06 250:1
Diabetes, no medication *. . ................ 1.29 40 3.2:1
Diabetes, receiving insulin *. ... ............ 1.06 .84 1.3:1
Lues, Wassermann +++4+%.............. 98 .89 1.1:1
Lues, cardiovascular, Wassermann + ++ 4,
temperature + 1°F..................... 1.40 .36 39:1
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TABLE 4 (continued)

) Serum Ratio of
Description copper
Copper Iron to iron
micrograms micrograms
per cc. per cc.
Normalhens f............ ... ... ... ...... .14 .62 2:1
Hens with Roussarcoma f.... ............. .19 .36 S
Normal horses f.......................... .90 1.73 St
Horses receiving diphtheria toxin,
3-4 days after last toxin injection, temper-
ature + 2.6°F.||. ...l 1.59 .96 1.7:1
5-6 days after last toxin injection, temper-
ature + 0.3°F.||.......... ... ... 1.29 1.51 9:1
Horses receiving tetanus toxin,
3 days after last toxin injection, 4+ 0.8°F.*  1.28 1.08 1.2:1
5 days after last toxin injection, 4+ 0.4°F. 1.01 1.66 61

* Average of 2 comparable subjects.
t Average of 9.
1 Average of 3.
§ Average of 6.
|| Average of 4.

crease of approximately 100 per cent in the copper content of the mater-
nal blood serum. The copper content of the serum of blood from the
umbilical cord of the fetus, at delivery, was from one-third to one-fourth
that of the maternal blood, while the iron content was double.

The copper contents of the brain (35) and liver (36) of the newly born
child are appreciably higher than are characteristic for the normal adult.
Diffusion across the placental barrier is, apparently, sufficiently slow to
permit the maintenance of a different distribution between the blood and
tissues of the fetus than is maintained in the maternal body.

The copper levels observed in advanced carcinoma were analogous to
those observed in pregnancy. The iron levels were not consistently re-
duced, in either condition, excepting in the presence of complications.
Changes in the serum metal levels, analogous to those found in carcinoma
in man, were found also in Barred Rock hens inoculated with Rous sar-
coma number 1.

The serums of the horses were obtained through the courtesy of Eli
Lilly and Co. The highest levels of serum copper, and the lowest levels
of serum iron, were found in the animals reacting most severely to the
toxin injections.

The highest concentrations of copper in the serums of the tuberculous
subjects were present, in general, in the serums of the individuals with the
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lowest expectations of recovery. With one exception, the iron contents
were below the normal level. A similar copper-iron picture was found in
leukemia. No uniform changes in the copper and iron levels were ob-
served in lues in the absence of complications.

The values for diabetes with and without insulin therapy, like those
reported in Table 2 for pernicious anemia before and after liver therapy,
indicate the tendency of the organism to return to a normal copper-iron
balance upon the establishment of a specific therapy.

SUMMARY AND -CONCLUSION

A study has been made of the copper and non-hemoglobinous iron
levels in the blood serums of one hundred normal and diseased persons and
of thirty-two animals used for the experimental study of the factors
determining the levels observed in the human subjects. The analytical
methods developed for the study are reported in detail, are accurate,
rapid, and within the reach of the average clinical laboratory.

The iron content of the hemoglobin-free serum of normal persons from
whom food had been withheld for 12 hours was found to vary from an
average value of 1.00 & 15 micrograms per cc. for young men to a value of
0.77 + 15 for young women. Values of 1.4 microgram and above were
observed in the serums of newly-born infants, of normal adults with
mild bilirubinemia, and of persons with icterus due to cirrhosis of the
liver. Intermediate values were obtained in persons subjected to 24
hour fasts, and in pernicious anemia. The increased values of the latter
condition became corrected following the administration of liver extract.
Normal values were found in carcinoma, pregnancy, hypo- and hyper-
thyroidism, and lues. Values approaching 0.4 microgram and less were
observed in barbital poisoning, nephritis with edema, conditions involv-
ing pituitary and ovarian dysfunction, leukemia, pulmonary tuberculosis,
and diabetes. The low values of the latter condition were corrected fol-
lowing insulin therapy. Experimental, recoverable depression of the
iron level was obtained in rabbits subjected to hemorrhage, carbon mon-
oxide and barbital poisoning, and in horses subjected to injections of the
toxins of diphtheria and tetanus.

The copper content of the blood serum of normal persons varied from
an average value of 0.80 &= 8 micrograms per cc. for young men to a
value of 0.92 4 3 for young women. Values of 2.0 micrograms per cc.
and above were found in pregnancy, at term, and in advanced carcinoma.
Intermediate values were observed in toxemia, pyrogenic infection,
Addison’s disease, leukemia, pernicious anemia, cirrhosis of the liver, and
diabetes. Approximately normal values were obtained in lues, nephritis,
and conditions associated with a depressed metabolic level, excepting
hypothyroidism. Slightly lowered levels were observed in hypothyroid-
ism and polycythemia vera. Markedly lowered levels were manifest
in the serum of newly born infants.
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The copper : iron ratio was below the normal averages only in condi-
tions involving an increased serum bilirubin level. The ratio was normal
in pernicious anemia, hypothyroidism, lues, and nephritis without edema.
In every other condition observed, the ratio was increased, usually to a
very marked degree.

An analysis of the figures reported has indicated the probable existence
of four types of copper-iron picture. The first, found in incipient starva-
tion and in pernicious anemia, may be characterized by slightly increased
copper levels and markedly increased iron levels, resulting from a ‘‘burn-
ing-out’ of the cell catalysts due to a depletion or deficiency in the cell
nutrient of substances capable of stabilizing iron in the reduced or ferrous
condition. The second, found in carbon monoxide and barbital poison-
ing, and in uncomplicated anemia due to hemorrhage, may be charac-
terized by virtually unchanged copper levels and markedly decreased
iron levels, as a result of the retardation in rate of ‘‘burning-out’’ of the
cell catalysts which accompanies a depression of the basal metabolic
rate. The third, found in pyrogenic infections, toxemia, leukemia, and
allied conditions associated with an elevation of the body temperature,
may be characterized by increases in the copper levels and decreases in the
iron levels proportionate to the general severity of the conditions. The
fourth, found in pregnancy, carcinoma, and hyperthyroidism, conditions
associated with an elevation of the basal metabolic rate without rise in
body temperature, may be characterized by markedly increased copper
levels, without accompanying change in the iron levels.

A careful examination of the serum copper-iron balance before, during,
and after provisional therapy may eventually prove of definite aid in the
diagnosis and treatment of disease.

The writers wish to emphasize the purely exploratory character of the
work which has been presented, and the provisional nature of the classi-
fications and hypotheses suggested. Grateful acknowledgment is made
of the cooperation of Dr. Edwin F. Hirsch and others of the laboratory
and staffs of St. Luke’s Hospital, Eli Lilly and Co., and the Municipal
Tuberculosis Sanitarium, who provided essential material and assistance.
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