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Three different forms of blood iron have been
described : hemoglobin iron, plasma (transport)
iron, and “easily split-off” iron (E.S.Fe). The
latter fraction, first studied by Barkan (1) and
Lintzel (2), constitutes 5 to 10 per cent of the total
blood iron. It derives its name from the fact that
when blood is acidified and incubated with dilute
hydrochloric acid the “easily split-off” fraction is
ionized so that it can be separated from the remain-
ing hemoglobin iron by dialysis or ultrafiltration.
Lintzel and Radeff (3), and Legge and Lem-
berg (4) have demonstrated that E.S.Fe may be
obtained in a similar manner from crystalline
hemoglobin.

The amount of iron which can be “easily split
off” from hemoglobin can be influenced in several
ways. If blood or hemoglobin is treated with car-
bon monoxide, with reducing substances (i.e., as-
corbic acid, Na,S,0,), or is evacuated of its oxy-
gen prior to the addition of dilute hydrochloric
acid, the ionization produced by the acid is re-
duced considerably (4-6). In addition, changes
in the concentration of acid alter the size of the
fraction (7-9). It is largest when the concentra-
tion of HCI is approximately 0.03 N and de-
creases progressively as the amount of acid is in-
creased to about 0.6 N ; further increases in HCl
then cause comparatively little additional change.
At concentrations of 0.1 N, nitric and sulfuric
acids ionize nearly twice as much of the iron in
red cells as does hydrochloric acid (7).

The nature and biologic significance of E.S.Fe
blood iron have remained in doubt. Some work-
ers have regarded the fraction as an artefact pro-
duced by the oxidation of the prosthetic group of
the hemoglobin molecule by oxygen evolved when

1 These studies were supported by research grants es-
tablished in memory of Philipp Hunkel and Nathan
Greenberg.

acids are added to oxyhemoglobin. Barkan and
Schales, however, presented evidence to show
that E.S.Fe is derived from an intracorpuscular
degradation product of hemoglobin, a bile pigment-
iron-globin compound with an open porphyrin
ring which they called pseudohemoglobin (6, 10).2
This explanation was altered by Legge and Lem-
berg (4). After confirming the observation (6,
10), that about two-thirds of the E.S.Fe fraction
was split-off only in the presence of oxygen and in
the absence of reducing substances while the re-
maining third was ionized even in inert gases or
CO, they concluded that the larger of these two
fractions is an artefact while the smaller is at
least partially attributable to a bile pigment-hemo-
globin which gives rise to bile pigments when
treated with acids. Even though these interpre-
tations differ, both groups of investigators believe
that at least a portion of E.S.Fe is derived from an
intraerythrocytic pigment formed as one of the in-
itial steps in the breakdown of hemoglobin to bili-
rubin.

On the other hand, the experiments with radio-
active iron reported by Miller and Hahn (13) sug-
gested that E.S.Fe is really an artefact. These
observers administered radioactive iron to dogs
and observed that several days later there was as
much of the isotope present in the E.S.Fe of red
blood cells as was found two weeks later. If all
of the E.S.Fe is derived from a degradation pro-

2 Pseudohemoglobin was prepared in vitro by Barkan and
Schales by oxidizing oxyhemoglobin with hydrogen perox-
ide in the presence of cyanide (10). Legge and Lem-
berg (4), in many of their studies, used choleglobin pre-
pared by coupled oxidation of hemoglobin and ascorbic
acid (11). In both compounds, the alpha-CH= bridge
of the heme molecule is open, and iron is readily dis-
sociated by dilute acids. Both may be classified as verdo-
hemoglobins. Liébecq regards them as being very simi-
lar, if not identical substances (12).
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duct of hemoglobin, the fraction found in newly
formed erythrocytes should not have contained
radioactive iron. These studies do not invalidate
Legge’s and Lemberg’s concept, however, because
according to them the major part of E.S.Fe is an
artefact and only a small portion comes from a he-
moglobin breakdown product. In order to investi-
gate this possibility more thoroughly with the
tracer technique, it would be necessary to follow
the concentration of radioactive iron in the E.S.Fe
fraction throughout the life of the red blood cell.
This was done in the observations described below.
If the major part of E.S.Fe is an artefact, the radio-
active iron would be expected to appear as
promptly in this fraction as in hemoglobin and its
concentration should remain constant for weeks.
However, if a small portion of E.S.Fe is derived
from a hemoglobin breakdown product within old
red cells (4), then as the erythrocytes reach the
end of their survival period, a sharp increase should
occur in the concentration of isotopic iron in the
E.S.Fe fraction. This result would constitute con-
vincing evidence that E.S.Fe was derived from a
compound formed within the red blood cell as an
intermediate step in the transition of hemoglobin
to bilirubin. Such an increase in the radioactivity
of E.S.Fe in old red cells, however, could not be
demonstrated in the present study.

MATERIAL AND METHODS

Tracer doses of radioactive iron were administered to
eight human subjects and to three dogs. The human
subjects were: 1) three healthy members of the labora-
tory staff, 2) one woman with hypochromic anemia, 3)
three patients with Addisonian pernicious anemia in re-
lapse receiving specific therapy, and 4) one man with
malignant hypertension. All of the human subjects ex-
cept two were given one single injection of radioiron
(Fe®) intravenously as ferrous ascorbated F. M. re-
ceived a similar preparation but was given two injections
on successive days. One patient (S. W.) took a mixture
of Fe® and Fe® orally as ferrous chloride4# The three
dogs were made anemic by repeated phlebotomies prior to
being given a single dose of radioiron (mixture of Fe®

8 Fe® of high specific activity was obtained by deuteron
bombardment of a cobalt target in the Washington Uni-
versity Cyclotron. The authors are indebted to the cyclo-
tron staff for preparation of the material. Techniques for

separation of Fe® from the target and for preparation of .

ferrous ascorbate have already been described (14, 15).
¢ The mixture of isotopes Fe® and Fe® was obtained
from the Clinton Laboratories, Oak Ridge, Tennessee.
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and Fe®), either by stomach tube or intravenously as
ferric chloride.

In each series of observations except that done on
F. M., blood was obtained periodically for determination
of total and of radioactive iron in both whole blood and
the E.S.Fe fraction. The three normal subjects and
two of the three dogs were followed for more than 120
days. Blood was collected in iron-free tubes which con-
tained a dry mixture of potassium and ammonium oxalate
as anti-coagulant. From the remaining subject (F. M.),
400 ml. of blood were removed on the seventh day fol-
lowing the first of two intravenous injections of ferrous
ascorbate containing Fe® and Fe®. An ordinary trans-
fusion bottle containing acid citrate-dextrose solution was
used for the collection, and the blood was then divided
into 25 ml. aliquot samples, each placed in a tightly stop-
pered sterile flask. These smaller bottles were stored in
a refrigerator at 4° C.; at intervals one of these small
flasks was removed for measurement of total blood iron
and E.S.Fe.

Total blood iron (T.B.Fe) was determined by the
thiocyanate method (7) on an aliquot of the solution
obtained after digestion of whole blood with concentrated
H,SO, and 30% H,0,. The method used for measuring
E.SFe was that of Barkan and Walker (16). Whole
blood was acidified to 0.4% HCI, incubated for 16 to 24
hours at 37° C., and precipitated with 20% CCL,COOH;
an aliquot portion of the supernatant solution was used
for the colorimetric determination. In some instances,
blood was saturated with CO prior to the addition of
the HCL. '

Aliquot samples of the whole blood digest and of the
E.S.Fe supernatant fluid were taken for radioiron deter-
minations. The latter aliquot was then digested with
H.SO, and H,0,. Iron from both digest mixtures was
precipitated as Fe(OH), and electroplated on copper
discs in the manner previously described (14). Radio-
activity was measured with a Kip type Geiger-Miiller
counter. Correction for the decay of the radioiron was
not necessary since determination of the radioactivity in
standard solutions and in all the samples obtained at
intervals on the same subject were finally made on the
same day at the end of the study. Blood volume was
assumed to be 80 ml. per kilogram of body weight.

Results were expressed both as absolute values and i
terms of radioactivity per mgm. of total iron:

1) Counts/min./mgm. T.B.Fe
- Radioactivity/100 ml. whole blood
Total iron in mgm./100 ml. whole blood
2) Counts/min./mgm. E.S.Fe
- Radioactivity/100 ml. in E.S.Fe fraction
Total iron in mgm. in E.S.Fe fraction/100 ml. blood

RESULTS
I. Normal human subjects

The results obtained for the three normal sub-
jects followed for 124 days are charted in Figures
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1, 2, and 3. The appearance of radioiron in the
blood indicated prompt and relatively complete
utilization of the tracer dose for hemoglobin syn-
thesis ; the utilization curves for the three subjects
are comparable to those previously reported from
this laboratory (15).

The radioactivity per milligram of iron was
practically the same in both the T.B.Fe and in the
E.S.Fe fraction. There was no tendency for the
radioactivity in the E.S.Fe fraction to increase as
the red blood cells containing the tagged iron be-
came older. Because Legge and Lemberg con-
cluded that the biologically significant portion of
E.S.Fe was contained in that part which could be
dissociated even in the presence of inert gases or
CO, the radioactivity in E.S.Fe separated after
complete saturation of blood with CO was deter-
mined on the 124th day for each of these subjects.
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In such a determination, any tendency for a specific
increase in the radioactivity of the fraction would
be magnified. Even under these circumstances,
however, there was no tendency for the radioac-
tivity in E.S.Fe to increase (Table I).

II. Dogs made anemic by repeated bleeding

Two of the three dogs made anemic by re-
peated bleeding prior to the injection of radioiron
were studied for 145 days (Figures 4, 5). In
Dog I, 80 per cent of the injected iron was used
rapidly for hemoglobin formation; the gradual de-
crease in the amount of circulating isotope can be
explained by the fact that this animal lost blood
regularly from its gastro-intestinal tract. The
utilization curve for Dog II (Figure 5) was normal
in shape but only about 60 per cent of the in-
jected dose appeared in the circulating blood.
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Fi1c. 1. CONCENTRATION OF RADIOIRON APPEARING IN THE WHOLE BLoop
AND “EasiLy SpLiT-OfFF”’ Broop IroN FractioN oF A HEALTHY ADULT MAN

AFTER INTRAVENOUS INJECTION OF FE®

5.6 mgm. of radioiron (Fe®) having 7,200,000 counts per minute were given

intravenously as ferrous ascorbate.

The following explanations apply to Figures 1 to 8 inclusive:
“Radioiron in blood,” refers to the total radioactive iron circulating in the

total blood volume.

Values are recorded in terms of the per cent of the dose

found in the blood (scale on right side of each chart).

“Total blood iron,” and “easily split-off iron,” refer to the activity of radio-
iron in counts/min./mgm. Fe (scale on left side of each chart).

R.B.C. =red blood cell count in millions per cu. mm.

Hb. = hemoglobin in grams per 100 ml. blood.

C.V. = volume of packed red blood cells in ml. per 100 ml. blood.
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F16. 2. CONCENTRATION OF RADIOIRON APPEARING IN WHOLE BLoop aND “EAsILY
SpL1T-OFF” Broop IroN oF A HEALTHY ApUuLT MAN AFTER INTRAVENOUS INJECTION

oF Fe®

5.6 mgm. of radioiron (Fe®) having 7,200,000 counts per minute were given intra-

venously as ferrous ascorbate.
(See also explanations for Figure 1.)
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5.6 mgm. of radioiron (Fe™) having 7,200,000 counts per minute were given intra-

venously as ferrous ascorbate.
(See also explanations for Figure 1.)
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SN In neither instance was there any significant
SIN2% 5 s 3 5 difference between the radioactivity per milli-
gram of T.B.Fe and that per milligram of E.S.Fe.
- The greatest discrepancies appeared on days 24,
§'§§ 2581332308 41,and 62 in Dog I. The significant fact, however,
)% - is that there was no tendency for the radioactivity

“Easily split-off’’ blood Fe
(from CO Hb)

in the E.S.Fe fraction to increase as the red cells

%g QR8RReINY containing the isotope grew older. In the legends
FEeceemecee to Figures 4 and 5 are tabulated representative

Radioactivity

(from Oxy Hb)

blood counts obtained during the course of the ex-
periment. From these data it is evident that the
hemoglobin increased in each animal as it re-
covered from the anemia induced by hemorrhage.
This increase in hemoglobin caused a dilution of
the radioiron in the blood and accounts for the
gradual decrease in the radioactivity per milligram

““Easily split-off’’ blood Fe

83 e oo e Fe in both the T.B.Fe and E.S.Fe.
g; q3339g232 In Dog III, a hemorrhagic anemia was also in-
£ duced. This animal was followed for only 22

Radioactivity

days after he had been given radioiron orally;
E.S.Fe was determined after blood had been satu-
rated with CO. The counts per minute per milli-
gram of iron in the T.B.Fe fraction agreed very
well with the activity in the fraction separated after
exposure to CO (Table II).

Total blood Fe

TABLE I

TABLE II

Comparison between the concentration of radioactive iron in
whole blood and in the “‘easily split-off”’ blood

......

Days
 after
injection

iron

which had been saturated with carbon monoxide
of radio-

iron fraction, determined after satu-
ration with carbon monoxide
Dog III

Radioactive Fe® given
L.V. as ferrous ascorbate

“Easily split-off’’ Fe deter-
Days Total blood Fe mined after saturation

g § § § § § after with carbon monoxide
§.8888 S gral

33 S 9 .admin-

3 13 §§§ 3 3. istration

2 e~ o0

Radioactivity Radioactivity

t Days blood was kept refrigerated at 4° C. before determinations were made.

20t
28t
* One-half the amount given on successive days.

mgm.| |ct./min./ a./min./ mgm.| |ct./min.[|ct./min.|
100 ml. .| mgm. | 100 ml. | 100 ml. | mgm.
blood Fe blood blood Fe

8 42.65 |512,500] 12,000| 0.94 (11,370 12,100

2
5
5
5
8.
22.5*

Comparison of radioactivity in whole blood iron, “easily split-off’ iron separated from oxyhemoglobin, and “‘easily split-off " iron separated from blood
Subject

22 44.60 |524,000| 11,750 1.06 (12,080 (11,400

The animal had been made anemic by repeated bleeding
prior to administration of radioiron. 47.6 mgm. of radio-
active iron (Fe%® and Fe®) were given by stomach tube, as

b
H
£
o g ferric chloride. Total counts = 11,900,000/min.
E o .
o & aa:.é‘ III. Human subject with hypochromic anemia
- -
;:"‘ié.gsé A study similar to that described in the two
gg Ig'g_g‘f%f previous sections was made on a woman, S. W.,
‘l'-"gz- i&'gle 35 years of age, with a severe degree of hypo-
S |'>'E. %2' chromic anemia (Figure 6). In this instance, the
S0 @ radioiron was given orally. The absorbed isotope
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RADIOIRON
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x = RADIOIRON IN BLOOD
1x 104 | 100

8x103 ‘\_ | 80

6x103 | \\. | 60
AN

4x103 | — | 40

2x103 ] | 20

[+] c

20 40 € 80 100 120 140 160
DAYS AFTER INJECTION
F16. 4. CONCENTRATION OF RADIOIRON APPEARING IN WHOLE BLooD AND “EasiLy
SeL1T-OFF” BLoop IroN oF A Do MADE ANEMIC BY INDUCED HEMORRHAGE
17.4 mgm. of radioiron (mixture of Fe* and Fe®) were given intravenously as
ferric chloride. Total counts = 7,200,000/min.

Day R.B.C. Hb. C.V.
1 3.26 6.5 22.5
1 5.48 10.3 35.5
41 6.22 144 46.0
90 .77 15.8 49.0
145 7.20 15.9 49.5
(See also explanations for Figure 1.)
CT/MIN./MG. IRON R
T o
% OF
INJECTED DOSE
= TOTAL BLOOD IRON
. ——— EASILY SPLIT OFF IRON
1x 104 ] s———« RADIOIRON IN BLOOD | 100
8x103 | | 80
6x103 | T —— . 60
\/'
4x10% 1 40
2x10% ] L 20
(o] (o]

20 40 60 80 100 120 140 160
DAYS AFTER INJECTION

F16. 5. CONCENTRATION OF RADIOIRON APPEARING IN WHOLE BLooD AND “EAsiLy
SeLIT-OFF” BLoop IrON OF A Do MADE ANEMIC BY INDUCED HEMORRHAGE

34.8 mgm. of radioiron (mixture of Fe* and Fe®) were given intravenously as ferric
chloride. Total counts = 14,400,000/min.

Day R.B.C. b. C.v.
1 3.41 6.5 23

11 5.21 10.2 35.5
41 6.8 15.0 46
90 7.35 15.6 47
145 6.9 18.4 50

(See also explanations for Figure 1.)
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CT./MIN./ MG. FE [(8w. % 35 vas. o Act | RADIOIRON
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o————e TOTAL BLOOD IRON
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6x103 ] \ L "60
4 %103 ] \ | 40
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o 0
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DAYS AFTER ORAL RADIOIRON

F1c. 6. APPEARANCE OF RADIOIRON IN THE WHOLE BLoop AND “EaAsiLy SpLiT-OFf”
Broop IroN FRACTION OF A PATIENT wiTH HYPOCHROMIC ANEMIA

55 mgm. of radioiron (mixture of Fe* and Fe®) given orally as ferrous chloride.

Total counts = 32,000,000/min. Patient was treated with 2.4 gm. of ferrous glu-

conate daily after the 16th day.

Day R.B.C.
1 4.41
16 4.11
42 5.11
71 4.37
144 3.82

(See also explanations for Figure 1.)

was utilized promptly for hemoglobin synthesis,
but by the time observations were discontinued on
the 144th day the amount of radioiron in her
peripheral blood had decreased to approximately
one-third of the peak value. This fall was un-
questionably caused by menorrhagia with the loss
of large amounts of blood.

As in the normal subjects and in the dogs, the
radioactivity per milligram of iron in both T.B.Fe
and E.S.Fe remained almost identical during the
whole period of study.

IV. Patients with Addisonian pernicious anemia

In order to study the differences which might
occur in the radioactivity present in T.B.Fe and
E.S.Fe during the first few days after administra-
tion of the isotope, it was necessary to select sub-
jects who were manufacturing hemoglobin at an
accelerated rate. This precaution was required
to make certain that the amount of radioiron pres-

Hb. C.v.
8.6 28
8.7 27.5

10.1 35

12.4 38

10.1 32

ent in the fractions during the first few days would
be large enough to count. Accordingly, radioiron
was given intravenously to three patients with
Addisonian pernicious anemia during the period
of accelerated erythropoiesis following the institu-
tion of specific therapy. The results for two of
these observations are charted in Figures 7 and 8.
Utilization of the injected isotope was prompt and
approximately complete. In the first subject (O.
A. W, Figure 7) more radioactivity was dis-
covered during the first two days per milligram of
iron in the E.S.Fe fraction than in the T.B.Fe.
As will be emphasized later, this increase was prob-
ably due to the radioactive iron remaining in the
plasma. After the first 48 hours, the radioactivity
per milligram of iron in E.S.Fe remained slightly
but consistently lower than in T.B.Fe.
Determinations of E.S.Fe after blood had been
saturated with carbon monoxide were made on the
second patient (J. M., Figure 8), This patient
was the only one of all the subjects studied in
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F16. 7. APPEARANCE OF RaApIOIRON IN THE WHOLE BLoop AND “EAsiLy SeLit-
OFrF” BrLoop IroN FrAcTION OF A PATIENT WITH PERNICIOUS ANEMIA DURING RE-
SPONSE To LIver ExTRACT

Liver extract in therapeutic doses had been given approximately two weeks prior to
the injection of radioiron. 6.5 mgm. Fe® as ferrous ascorbate injected intravenously.
Total counts: 10,980,000,

Day
1
10

R.B.C. Hb.
2.75 1.8
3.77 11.3

(See also explanations for Figure 1.)
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F16. 8. APPEARANCE OF RADIOIRON IN THE WHOLE BLooD AND “EasiLy SeLiT-
OFrF” Broop IroN FRACTION OoF A PATIENT WITH PERNICIOUS ANEMIA DURING RE-
SPONSE TO VITAMIN B,,

Three weeks prior to the radioiron 46 ug. of Vitamin B,, had been given intra-

muscularly. Five mgm. of Fe® as ferrous ascorbate injected intravenously. Total
counts : 2,840,000. Red blood cell values were increasing rapidly at the time the iron

was administered.

(See also explanations for Figure 1.)
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whom the radioactivity per milligram Fe of E.S.Fe
differed significantly from that in T.B.Fe. It was
consistently lower during the 48 days of observa-
tion ; further study became impossible when the pa-
tient left the hospital. The reason for this differ-
ent result is not clear. That it was not due to the
fact that determinations were done in CO was
demonstrated on the 32nd and 48th days when
E.S.Fe was measured in the usual manner (Table
1) ; a similar lower activity was found.

The radioiron in plasma during the first 48 hours
after injection of radioactive ferrous ascorbate was
followed in the third subject (W.S., Table III).

TABLE III

Radioactive Fe in the plasma of a patient with pernicious
anemia (W. S.) during first 48 hours after
intravenous injection of Fe%

Time following Counts/min./100 ml.
radioiron 1.V. plasma
hours
15 6380
24 3120
48 880

Five mgm. Fe® given 1.V. as ferrous ascorbate 21 days
after initiation of liver therapy. Red blood cell values
were rising rapidly during the time these observations were
made. Total counts administered = 7,900,000.

It can be seen that relatively large amounts of
radioactivity were present in the plasma during
this period. Since the plasma iron is also ionized
by the concentrations of acid used for determina-
tion of E.S.Fe, the radioactivity in this latter frac-
tion would tend to be falsely high during the first
several days after injection of radioactive iron.
This fact probably accounts for the high concen-
trations of Fe®® in te E.S.Fe fraction observed at
24 and 48 hours in O. A. W. (Figure 7).

V. Effect of storing blood

If hemoglobin transformation to bilirubin be-
gins within the red blood cell by formation of a
verdohemoglobin, then it is possible that the in-
tracorpuscular degradation of hemoglobin would
take place more rapidly in stored blood. Should
this occur in blood which contains hemoglobin
tagged with Fe®®, one would expect that the radio-
activity per milligram of iron would progressively
increase in the E.S.Fe fraction. To test this possi-
bility, blood obtained from F. M., an adult male
with malignant hypertension, was collected on the
seventh day following the first of two injections
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of tagged ferrous ascorbate. As described in the
Methods Section, the blood was stored in small
flasks at 4° C. On the second, 20th, and 28th
days, flasks were removed for analysis. While
there was a tendency for the total amount of
iron in the E.S.Fe fraction to increase, particu-
larly when CO was used to saturate the blood,
there was no appreciable change in the radio-
activity per milligram of iron (Table I). Obser-
vations had to be terminated after 28 days because
the cells became hemolyzed.

DISCUSSION

In all observations except those made on one
of the patients with pernicious anemia (J. M.,
Figure 8), there was extremely close correlation
between the radioactivity per milligram of iron in
whole blood and that in the “easily split-oft” frac-
tion. Radioiron appeared just as promptly in the
E.S.Fe fraction as in the T.B.Fe. There was,
furthermore, no tendency for the concentration of
radioactivity in the E.S.Fe to increase as erythro-
cytes aged and reached the end of their life span,
as would be expected if E.S.Fe bore any relation-
ship to the formation of an intracorpuscular degra-
dation product of hemoglobin. The same type of
result was obtained whether E.S.Fe was deter-
mined on oxygenated blood or on blood which had
been saturated with carbon monoxide prior to the
addition of acid. The data indicate that “easily
split-off” blood iron as defined by Barkan is an
artefact and originates entirely or almost entirely
from intact hemoglobin.

These observations do not, however, eliminate
the possibility that a small fraction of E.S.Fe may
originate from an intraerythrocytic verdohemo-
globin like choleglobin or pseudohemoglobin. It
is conceivable that the methods used were not deli-
cate enough to detect the small increase in con-
centration of radioiron which would occur in
E.S.Fe under these circumstances as the cells
aged. That such a possibility exists, is suggested
by Lemberg’s and Legge’s (17) demonstration
that: (1) normal human red blood cells contain 1
to 5 pg. of biliverdin combined as choleglobin per
milliliter of cells; and (2) the injection of phenyl-
hydrazine into rabbits causes an increase in the
choleglobin of their erythrocytes. Gardikas, Kench
and Wilkinson (18), however, have recently criti-
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cized the technique used by Lemberg and Legge
on the grounds that choleglobin might well have
been formed during their determinations. Gardi-
kas et al. repeated the observations under anaerobic
conditions and failed to detect choleglobin in 12
separate samples of blood. Furthermore, except
in one instance each of leukemia, pernicious ane-
mia, and obstructive jaundice, they failed to dem-
onstrate the pigment in blood taken from patients
with pernicious anemia, leukemia, hemolytic ane-
mias, polycythemia, or hepatic and obstructive
jaundice. At the present time, therefore, there re-
mains no unchallenged demonstration that any pig-
ment formed as a degradation product of hemo-
globin regularly occurs within red blood cells.
There is no convincing evidence that the transi-
tion of hemoglobin to bilirubin begins as an in-
traerythrocytic process. It is emphasized that
even if such a pigment were found to be present,
it would account for only a small fraction of E.S.Fe
and would not seriously affect the conclusion that
the E.S.Fe fraction is an artefact.

SUMMARY AND CONCLUSIONS

At intervals following the administration of
radioactive iron to normal human subjects, to pa-
tients with hypochromic and pernicious anemias,
and to dogs made anemic by repeated bleeding, the
concentration of radioactive iron in the total blood
iron and in “easily split-off” iron was measured.
In some of the observations “easily split-off” iron
was determined on samples of blood which had
been saturated with carbon monoxide prior to the
addition of acid. In one experiment, citrated
blood was stored at 4° C. and determinations were
made at intervals for 28 days. Radioactivity ap-
peared in the “easily split-off” blood iron fraction
just as promptly and in the same concentration
as it appeared in hemoglobin. No correlation was
noted between the radioactivity in the “easily split-
off” iron fraction and ageing of the red blood cells.
It is concluded that “easily split-off” blood iron,
whether determined on oxygenated blood or on
blood saturated with carbon monoxide, is an arte-
fact. The possibility exists that a small fraction
of the “easily split-off” iron may be derived from
intraerythrocytic verdohemoglobin, but no con-
vincing evidence exists for the presence in red
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cells of such a pigment nor for the belief that de-
gradation of hemoglobin begins within the erythro-
cyte.
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