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It has been generally recognized since Barkan's
original observations in 1929 (1) that the iron in
serum is non-dialyzable and non-ultrafilterable at
pH 7.3 and, therefore, is probably protein-bound
(2-4). To which of the serum proteins the iron

is bound was not clearly established until recently.
Earlier work indicated that half-saturation with
ammonium sulfate precipitated serum iron quanti-
tatively together with the globulins (5). Vahl-
quist (4) with the aid of the electrophoretic tech-
nique concluded that the iron in serum is bound to
both albumin and globulin, the a and ,3 globulins
serving as the principal carriers.

Following their demonstration of a protein com-
ponent in raw egg white capable of binding iron
(6), Schade and Caroline investigated various
fractions of human plasma prepared by E. J. Cohn
and his associates for a similar property (7) and
discovered that, qualitatively, Fraction IV-3, 4 was
active in this respect, as shown by biological and
colorimetric tests. By colorimetry it was found
that 1 mg. of protein took up a maximum of 0.44
/Ag of Fe++. Subfractionation of Fraction IV-3, 4
revealed that the iron-binding protein resides al-
most completely in a f, globulin (Fraction IV-7)
(8). This fraction constitutes approximately 3
per cent of the total plasma protein.2 Two mole-
cules of either Fe++ or Fe+++ are bound to one of
protein. If the molecular weight of the j, globu-
lin is 90,000, the iron content of the iron-protein
complex is 0.125 per cent. Studies over a wide
range of pH have revealed that at neutral pH the
iron is non-dialyzable whereas at pH 5 the iron be-
comes dialyzable.

1 This paper is No. VIII in the series, "The Anemia
of Infection," from the Department of Medicine, Univer-
sity of Utah, School of Medicine. It has been aided by
a grant from the United States Public Health Service
and by grants from the Upjohn Company and Parke,
Davis and Company.

2 Cohn, E. J., Personal communication.

Skouge (9) and Waldenstrdm (10) have
pointed out that the concentration of serum iron
five minutes after the intravenous injection of iron
is lower than would be expected on the basis of the
quantity injected. This "braking" phenomenon
was more pronounced in patients with pernicious
anemia in relapse than in normal persons. When
the initial serum iron was high, scarcely any rise
was noted after the intravenous injection of iron.
Furthermore, toxic reactions were observed long
before the generally tolerated dose of 10 mg. had
been administered. Holmberg and Laurell (11)
by means of a calorimetric method in which
a-a'dipyridyl was used, were able to study the ca-
pacity of serum to bind iron in vitro. They found
the "saturation limit" in 10 normal subjects to be
312 jug per cent (range 264 to 366 pg). The satu-
ration values corresponded well with the maxi-
mumvalues of approximately 291 ,ug per cent ob-
tained by Waldenstrbm (10) after the intravenous
injection of 10 mg. of Fe++. These authors ex-
plain the "braking effect" observed by Walden-
strom by assuming that the unbound iron is rapidly
eliminated from the circulation. Toxic effects
after the intravenous administration of iron were
noted only when the saturation limit was exceeded
and surplus iron left the blood stream.

Laurell (12) has recently published a compre-
hensive monograph on the iron-binding component
in human plasma. In 100 normal subjects the
mean value for the iron-binding capacity of the
serum was 315 + 3.3 pg per cent. In pregnancy,
infectious hepatitis, and acute and chronic blood
loss the capacity of the serum to bind iron was
found to be increased. In acute and chronic in-
fections, pernicious anemia, hemolytic anemia, cir-
rhosis of the liver, uremia and malignancy the ca-
pacity was found to be diminished. On the basis
of these results Laurell has advanced the hypothe-
sis that the body is capable of mobilizing iron from
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the depots and, at the same time, can increase the
absorption of iron by either lowering the serum
iron concentration or by increasing the iron-bind-
ing component of the serum. Conversely, by either
increasing the serum iron or lowering the iron-
binding protein component more iron can be trans-
ferred to the depots and the absorption of iron
checked.

Studies in this laboratory dealing with the path-
ogenesis of the anemia of infection have revealed
that in the presence of infection a disturbance in
iron metabolism occurs (13, 14). There is a
pronounced and persistent hypoferremia and when
iron is injected intravenously the magnitude of the
subsequent increase in plasma iron is less than in
normal individuals. The rate of disappearance of
iron from plasma following injection has been found
to be twice that seen in normal subjects. Neither
by repeated intravenous injections nor by the con-
tinuous intravenous infusion of iron has it been
possible to increase the iron level beyond a certain
point. A "braking" mechanism thus operates in
the presence of infection which is so powerful that
as more iron is given it becomes increasingly diffi-
cult to maintain the plasma iron concentration.

In view of these observations it was thought de-
sirable to investigate the role of the iron-binding
protein of the serum in the pathogenesis of the ane-
mia of infection. The purpose of this paper is to
describe in vitro and in vivo studies of the iron-
binding capacity of serum in normal subjects, in
patients with infection, and in animals in which in-
fections were produced experimentally.

METHODS

Preparation of serum. From fasting subjects an
amount of venous blood sufficient to provide 8 to 10 ml.
of serum was drawn without hemolysis into a syringe
and transferred to a centrifuge tube. The blood was al-
lowed to clot, the latter was separated from the glass and
the blood was then centrifuged at about 2500 r.p.m. for
15 minutes. The serum was then transferred to a second
centrifuge tube and respun to remove all red cells. All
determinations were made within three hours after the
blood was collected.

Serum iron (SI). For the determination of serum
iron the method of Barkan and Walker (15) using the
Evelyn photoelectric colorimeter was followed except that
twice the quantities recommended by them were used.
This required 4 ml. of serum. The results are ex-
pressed in Dug per cent.

Unsaturated iron-binding capacity (UIBC). For the
determination of the unsaturated capacity to unite with

iron, i.e., the binding capacity in addition to that which
is already fixed (SI), a modification of the method of
Schade and Caroline (7) was used. This method is
based on the principle that the iron-protein compound is
salmon pink in color (maximum absorption at about
460 mnu) and that the color development is proportional
to the amount of iron-protein formed. The serum is
therefore titrated with iron until the maximum color
develops. The results are expressed in terms of Ag of
iron bound.

Two ml. of serum and 8 ml. of 0.9 per cent saline are
added to each of two colorimeter tubes. Using the
Evelyn photoelectric colorimeter and the 490 filter, the
blank is set at 100 per cent transmission. The per cent
transmission of the other tube is then read. One-tenth
ml. of glass-distilled water is added to the blank and

FIG. 1. MEASUREMENTIN HUMANSERUMOF THE
SALMONPINK COLORDUE TO THE FORMATIONOF THE

IRON-PROTEIN COMPLEX
Evelyn photoelectric colorimeter. Filter 490.

0.1 ml. of a standard iron solution containing 1 #g of
iron is carefully added to the other tube. The tubes are

shaken and the per cent transmission is determined
four minutes after shaking, again setting the blank at
100. This procedure is repeated until there has been no

change in the per cent transmission on three successive
readings. The per cent transmission is then plotted
against the micrograms of iron added and the saturation
point is estimated as illustrated in Figure 1.

The UIBC is calculated by multiplying by 50 the
micrograms of iron needed to produce saturation. The
values are expressed in ug per cent and represent the
micrograms of iron with which 100 ml. of serum are

capable of uniting.
Total iron-binding capacity (TIBC). This is calcu-

lated by adding the unsaturated iron-binding capacity to
the serum iron and is expressed in isg per cent.

Per cent saturation. This is calculated by dividing the
serum iron by the total iron-binding capacity.
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All glassware must be carefully cleaned with concen-
trated HC1, washed three times with glass-redistilled
water and air dryed under cover.

A standard iron solution is prepared by dissolving 0.1
gm. of standard iron wire in 50 ml. of 1: 3 nitric acid.
The solution is boiled to expel oxides of nitrogen and is
then diluted to 1 liter with glass-distilled water. A
dilute working standard containing 10 Ag of iron per
1 ml. is prepared from this. If properly stored this solu-
tion will not change in concentration for several months.

Comment. This method has been found to work equally
well when either ferric ammonium sulfate or iron wire
is used for the standard solution. The absorption spec-
trum of the pink iron-protein compound has a rather
broad base with a maximum absorption at about 460 my.
For this reason any filter between 420 and 520 my is
suitable but less interference from hemoglobin and bile
pigment compounds is encountered in the region of 490
miA. One to three minutes are required for the develop-
ment of maximum color after the addition of iron. Fresh,
non-lipemic, non-icteric serum must be used. If sufficient
serum is not available for a blank this may be dispensed
with although the accuracy of the method is thereby
slightly reduced. The concentration of the chromogen is
low and great care must be taken in making the readings.
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Since increments of 1 iyg iron are added to 2 ml. of
serum and the results are multiplied by 50 in order that
they may be expressed in Ag per cent the method can be
no more accurate than 50 lyg per cent. However, tripli-
cate determinations on the same serum have repeatedly
given the same result.

EXPERIMENTAL

To determine whether the in vitro measurement
of the TIBC of the serum is a true measure of the
ability of the serum to combine with iron in vivo,
an amount of iron calculated to exceed the deter-
mined TIBC was injected intravenously into each
of eight individuals. The iron was administered
in the form of a 0.5 per cent solution of iron as-
corbate in amounts equivalent to 0.137 mg. Fe++
per kilogram of body weight. An initial sample
of blood was withdrawn, the iron solution injected
in 30 to 60 seconds, and five minutes later a sec-
ond sample was taken from the other arm. The
results are presented in Figure 2. In each instance

nt
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FIG. 2. COMPARISONOF THE SERUM IRON LEVEL, THE UNSATURATEDPROTEIN AND THE TOTAL IRON-

BINDING CAPACITY BEFOREAND AFTER THE INTRAVENOUSINJECTION OF IRON
The horizontal lines represent the expected serum iron values as calculated from the amount of iron ad-

ministered and the estimated plasma volume. Solid areas represent the serum iron; hatched areas repre-
sent the unsaturated capacity to bind iron. The total height of each column represents the total iron-binding
capacity. The amount of iron (Fe++) injected is indicated below the various columns.
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FIG. 3. RESULTS OF THE REPEATEDINTRAVE
JECTION OF IRON AT FIVE-MINUTE INTERVALS
OF FIVE PATIENTS

The horizontal lines represent the expected so
values on the basis of the amount of iron ads
and the calculated plasma volume. Solid areas

the serum iron. Hatched areas represent the us
iron-binding capacity. The total height of eac

represents the total iron-binding capacity. Th
of iron (Fe+) injected is indicated below th
columns.

the serum was completely saturated w
(UIBC = 0) and the measured amount (

iron corresponded, within the limits of th4
mental error, to the previously determine
A reaction to the injection, manifested
ache, flushing and nausea, was noted wi
minutes in each individual. By the time
ond specimens were withdrawn the react
completely disappeared.

The results of the repeated injection o

five-minute intervals into each of five pat
presented in Figure 3. After complete &

had been attained the loss of additional iron from
the serum within five minutes was approximately
100 per cent. Repeated injections of iron failed to
raise the serum iron level above the TIBC. How-
ever, when amounts insufficient to reach the satu-
ration limit were given, not all of the iron was re-

_- tained in the serum, only 50 to 80 per cent being
accounted for when plasma volume was calculated
as equivalent to 43.1 ml. per kilogram of body
weight for males, and 41.5 ml. per kilogram for
females. Since it is unlikely that the calculated
plasma volume would be in error to the extent of

L0 25 30 50 per cent, it is possible that in some instances
a1 al iron escaped to the tissues even though the serum

= possessed the capacity to bind it. Toxic reactions
were observed only when the TIBC was exceeded.

Determinations of the TIBC have been made in
15 normal males and 15 normal females. The re-

sults are presented in Table I. The mean + S.D.
for the entire group was 359 + 30.8 jug per cent
and the range 306 to 429 Mg per cent. The values
for the female group were somewhat higher than
for the male group. In these normal subjects
35 + 6.4 per cent (26 to 49) of the total iron-bind-

ing capacity was saturated.
5 10 Studies have been made on 13 patients with

8181 chronic infections and six patients with iron de-

NOUS IN- ficiency anemia. The results are presented in
IN EACH Figure 4. In chronic infections, in each instance,

the TIBC as well as the serum iron was reduced
erum iron below the lower limits of normal. The reduction in
ministered serum iron was proportionately greater than the
represent decrease in TIBC, the per cent saturation being

saturated
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Group deN. UIBC SI TIBC %Sat.

Males 15 220424.7 1274:29.2 347-4-26.1 36-7.78
(180-250) (79-196) (306-396) (24-49)

Females 15 248434.4 1234d19.2 371 435.9 33-44.92
(200-300) (101-164) (316-429) (26-42)
234429.4 125+24.2 359:E30.8 3546.4

Total 30 (180-300) (79-196) (306-429) (26-49)

UIBC refers to unsaturated iron-binding capacity in
pg per cent.

SI refers to serum iron in pg per cent.
TIBC refers to total iron-binding capacity in pg per cent.

%Sat. (per cent saturation) TiBC
Figures represent mean - standard deviation.
Figures in parenthesis represent range.
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between 7 and 26 per cent in all but two patients.
In these two cases the decrease in serum iron was
proportional to the decrease in TIBC and the per
cent saturation remained within the limits of nor-
mal (26 to 49 per cent). In contrast, in the pa-
tients with iron deficiency anemia the TIBC was
increased above 450 ,ug per cent. Since the serum
iron is very low in iron deficiency, the per cent
saturation was below 10 in all.

The change in TIBC in relation to the rise in
serum-iron which occurs during recovery from in-
fections was followed in six patients. The results
are presented in Figures 5-9, and 12. These stud-
ies showed that in infections the total iron-binding
capacity per 100 ml. serum increased, as did the
serum iron, following successful treatment and
anemia, when present, tended to disappear (Fig-
ures 5-7). The per cent saturation of the iron-
binding protein with iron did not change greatly.
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In a more chronic infection (Figure 8) the changes
following streptomycin therapy were very gradual
but in another case (lung abscess, Figure 9) the
improvement following thoracotomy was more
striking.

To determine if the intravenous administration
of metal-combining globulin (Fraction IV-7) to-
gether with iron might increase the TIBC to nor-
mal and thereby prevent the rapid disappearance
of iron from the serum which occurs in the pres-
ence of infection, these substances were given to
two patients with chronic infections. In each pa-
tient the rate of disappearance of iron from the
serum after its intravenous injection was measured
two days prior to the administration of the metal-
combining globulin, sample measurements being
taken at 0, five min., one, three, five, seven, 24, 48
and 96 hours after the injection. The amount of
globulin to be administered was then added to 500

q.5
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FIG. 4. THE TOTAL IRON-BINDING CAPACITY OF THE SERUMIN 13 CASES OF ANEMIA ASSOCIATEDWITH

INFECTION AS COMPAREDWITH THE NORMALAND SIX CASESOF IRON DEFICIENCY ANEMIA

Solid areas represent serum iron. Hatched areas represent the unsaturated iron-binding capacity. The
total height of each column represents the total iron-binding capacity of the serum. The figures above
the columns represent the per cent saturation (SI/TIBC).
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FIG. 5. SHOWINGTHE SHARP RISE IN THE IRON-
BINDING CAPACITY OF THE SERUM(TIBC) IN A PATIENT
(I. C.) RECOVERINGFROMLOBAR PNEUMONIA, THE IN-
CREASE IN SERUMIRON (SI) AND THE DISAPPEARANCE
OF ANEMIA (REPRESENTEDBY THE VOLUMEOF PACKED
RED CELLS (Ht.) )

UIBC refers to unsaturated iron-binding capacity.
Per cent saturation is the ratio of SI to TIBC.
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FIG. 6. SHOWINGTHE RISE IN THE IRON-BINDING
CAPACITY OF THE SERUMIN A PATIENT (C. L.) RECOV-
ERING FROMLOBARPNEUMONIA,THE IRREGULAR INCREASE
IN SERUMIRON AND THE DISAPPEARANCEOF ANEMIA

For symbols see Figure 5.
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FIG. 7. UNSATURATEDIRON-BINDING CAPACITY, SERUM IRON AND TOTAL IRON-BINDING CAPACITY IN
SIX CASES DURING THE HEIGHT OF THE ILLNESS AND AFTER RECOVERY

For symbols see Figure 2.

I

91

IrA7 20/3 VI IWZI



G. E. CARTWRIGHTAND M. M. WINTROBE

FIG. 8. SHOWINGTHE SLIGHT RISE IN THE IRON-
BINDING CAPACITY OF THE SERUMIN A PATIENT (V. B.)
DURING RECOVERYFROMTULAREMIA

For symbols see Figure 5.

FIG. 9. SHOWINGTHE RISE IN THE IRON-BINDING
CAPACITY OF THE SERUM, THE RISE IN SERUMIRON AND
MINIMAL IMPROVEMENTIN ANEMIAIN A PATIENT (A. R.)
FOLLOWINGTHORACOTOMYFOR A LUNG ABSCESS

For symbols see Figure 5.

FIG. 10. THE EFFECT OF THE INJECTION OF 5 GM. OF METAL-COMBININGGLOBULIN (FRACTION IV-7) ON THE
TOTAL IRON-BINDING CAPACITY OF THE SERUMIN A PATIENT (J. A.) WITH TUBERCULOSIS

For symbols see Figure 2. The serum iron rose to a somewhat higher level following the injection of
iron than before globulin was given and the subsequent decrease in serum iron was slower but after 24 hours
the level was the same as originally.
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FIG. 11. THE EmcFT OF THE INJECTION OF 6 GM. OF METAL-COMBININGGLOBULIN (FRACTION IV-7) ON THE

TOTAL IRON-BINDING CAPACITY OF THE SERUMIN A PATIENT (J. K.) WITH CHRONICEMPYEMA
Although the TIBC increased to a higher level than in patient J. A. (Figure 10) this did not succeed in

maintaining an elevated serum iron level. For symbols see Figure 2.

ml. of saline and given over a one-hour period.
Five minutes after this was completed a sample
of blood was withdrawn for analysis and the same

quantity of iron injected (0.137 mg. per kilogram
body weight) as had been given two days previously.
The results are presented in Figures 10 and 11
and illustrate several points of interest. The ad-
ministration of the metal-combining globulin in-
creased the TIBC to within normal limits in both
patients. The iron-binding capacity of the protein
injected was 0.72 jg Fe++ per milligram of protein.
Therefore, all of the material injected could be ac-

counted for in the serum on the basis of the calcu-
lated plasma volume. There was no evidence of
inactivation of the binding capacity within two to
three hours. The levels of serum iron reached
when metal-combining globulin was given in ad-
dition to iron were somewhat higher in one case

and much greater in the second case, as compared
with those obtained when iron was injected alone.
The rate of disappearance of iron from the serum

was not diminished, however. In both individuals
the serum iron returned to its previously low level
within seven hours in spite of the increased TIBC.
The TIBC returned to its previously low level in
48 hours in one patient (Figure 10) and in 96
hours in the other (Figure 11). The temporary
restoration of the TIBC to normal in these cases

apparently did not result in a detectable mobiliza-
tion of iron from the tissues to the blood.

It is of interest to note that while the intravenous
injection of metal-combining globulin together
with iron was not followed by a significant change
in the serum iron, thoracotomy with relief of the
underlying disorder was associated with a steady
increase in total iron-binding capacity, a gradual

5min. 1hr. 3hr. W. 7nr. etrw. -Imr.
7/22 7/23
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FIG. 12. To COMPARETHE VERY TRANSIENT RISE IN

THE TOTAL IRON-BINDING CAPACITY AND SERUM IRON
IN A PATIENT (J. K.) FOLLOWINGTHE INJECTION OF 6
GM. OF METAL-COMBINING GLOBULIN (FRACTION IV-7)
AND 8.4 MG. FE++ AS IRON ASCORBATEWITH THE STEADY
RISE FOLLOWING THORACOTOMYWITH RELIEF OF THE

EMPYEMA
The serum iron also rose. The saturation of the iron-

binding protein with the iron increased and the anemia
disappeared. (Same patient as in Figure 11.) For sym-

bols see Figure 5.

rise in serum iron, increased saturation of the iron-
binding protein with iron and relief of the ane-

mia (Figure 12).
Since it has been demonstrated that patients

during febrile paroxysms following the adminis-
tration of typhoid vaccine rapidly develop hypo-
ferremia (16) the TIBC was followed in such a

patient during two paroxysms of fever (Figure
13). No significant change took place even though
hypoferremia developed.

In an attempt to determine the rapidity with
which a reduction in TIBC takes place in the pres-

ence of inflammation, an abscess was produced in
a dog by the intramuscular injection of staphylo-
cocci (Figure 14). Twenty-four hours after the
production of the infection the SI had fallen from
130,f/g per cent to 35 ug per cent. There was also
a reduction in the TIBC at this time but maximum
reduction did not take place until the third day at

which the SI had returned to normal. Two other
dogs received repeated injections of turpentine
(Figures 15 and 16). In each animal, 24 hours
after an injection hypoferremia developed and a
fall in the TIBC occurred. The decrease in serum
iron was always greater than the decrease in TIBC
and the per cent saturation thus decreased. In
each instance the maximum decrease in TIBC took
place after maximum hypoferremia had developed
with the result that as the SI rose the per cent sat-
uration increased. Following three of the six in-
jections the serum became 100 per cent saturated
during the rebound in iron content.

DISCUSSION

In 13 patients with chronic infections, in two
dogs in which sterile abscesses were produced and
in a single dog in which an acute infection was
introduced, the total iron-binding capacity (TIBC)
of the serum was reduced as compared with the
normal, as was the serum iron. The reduction in
the latter was proportionately greater, with the re-
sult that the per cent saturation with iron was de-
creased. The intravenous administration of the
iron-binding protein to two patients with chronic
infections increased the TIBC of the serum to
nearly normal values for a period of approximately
24 hours without diminishing the rate of disap-
pearance of iron from the serum. Furthermore,
in a patient given typhoid vaccine hypoferremia de-
veloped without a significant change in the TIBC
of the serum. Again, in the dogs given injections
of turpentine or staphylococci hypoferremia pre-
ceded the maximum fall in TIBC; in both dogs and
patients, even though the TIBC was diminished,
the per cent saturation of the protein with iron
was also reduced due to the greater fall in serum
iron; and finally, there appeared to be no correla-
tion between the degree of hypoferremia and ane-
mia and the degree of reduction of the TIBC.
From these observations it would appear that some
factor other than a reduction in the iron-binding
protein is responsible for the hypoferremia associ-
ated with infection. Since in conditions in which
the demands of the body for iron are increased,
namely, iron deficiency and pwgrancy, there is
an increase in the TIBC of the serum, and since in
those disorders in which the demand of the body
for iron is decreased such as pernicious anemia
in relapse (12), there is a decrease in the TIBC,
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FIG. 13. THE EFFECT OF FEVER INDUCED BY THE INJECTION OF TYPHOID VACCINE ON THE TOTmA
IRON-BINDING CAPACITY AND THE SERUMIRON

For symbols see Figure 5.

the question might be asked: Does the reduction in
TIBC in infection reflect an attempt to reduce the
intake of iron? With the information now avail-
able this question cannot be answered.

In most of the patients with infections the TIBC
was reduced to about 43 per cent of the normal
mean and in one patient the value was reduced 78
per cent. The total serum proteins were in gen-
eral within the normal range although occasionally
they were in the lower limits of normal. Thus the
reduction in the iron-binding protein was out of
porportion to the general reduction in serum
proteins.

From our observations it would appear that
after the intravenous administration of iron the
height of the rise is limited by the capacity of the
serum to bind iron. When the TIBC of the serum
is exceeded the unbound iron rapidly leaves the
blood stream and toxic symptoms develop. Since
the TIBC is reduced in infections an explanation
is now available for our previous observation that

the initial five-minute rise was not as great in pa-
tients with infections as in normal subjects (13).

Goetsch, Moore and Minnich (16) have ob-
served serum iron values from 0.622 to 3.86 mg.
per cent in patients following the intravenous in-
jection of massive doses of iron (from 0.608 to
1.32 gm. as colloidal hydroxide and colloidal fer-
ric oxide). Moore, Arrowsmith, Welch, and Min-
nich (17) observed serum iron values in dogs as
high as 1.60 mg. per cent after the intravenous
administration of 1 mg. Fe++ per kilogram of body
weight. These experiments differ from ours in
that much larger doses were used. It may be that
with the administration of doses such as Moore
and his associates gave, the iron combines with
other proteins.

As far as our own observations are concerned,
the failure of the serum iron to rise above the level
of the TIBC when 0.137 mg. Fe++ per kilogram
were given intravenously, appeared to be so con-
sistent that we would suggest that the most accu-
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rate method of determining the TIBC is by meas-
uring the serum iron five minutes after the
injection of a supersaturating amount of iron.

It may be noted in passing that, since the toxicity
of injected iron seems to be dependent upon the
presence of unbound iron in the serum, it is un-
likely that any one particular iron compound, other
than iron in combination with protein or colloidal
iron, can be less toxic than another.

SUMMARY

1. The total iron-binding capacity (TIBC) of
the serum was measured in 30 normal individuals.
The mean + S.D. was 359 +4 30.8 ug per cent.
The saturation of the iron-binding protein with
iron was found to be 35 + 6.4 per cent.

2. The total iron-binding capacity of the serum
was measured in 13 patients with chronic infec-
tion, in two dogs in which sterile abscesses were
produced, and in a single dog given an acute in-

fection. The TIBC was found to be significantly
reduced in each instance. The reduction in the
serum iron was proportionately greater than the
reduction in iron-binding capacity with the result
that the per cent saturation was lowered.

3. The total iron-binding capacity of the serum
was also measured in six patients with iron de-
ficiency and found to be increased. The per cent
saturation of the iron-binding component was less
than 10 in each instance.

4. The administration of metal-combining glob-
ulin (Fraction IV-7) to two patients with chronic
infections resulted in a temporary increase to
normal in the total iron-binding capacity of the
serum. Following the administration of this frac-
tion the intravenous injection of iron resulted in a
greater initial five-minute rise in the serum iron
than previously but the rate of disappearance of
the iron from the serum was not significantly af-
fected. Furthermore, the temporary increase in
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the iron-binding capacity of the serum did not re-

sult in a detectable mobilization of iron into the
blood.

5. The administration of typhoid vaccine to a

patient produced a transient hypoferremia without
a significant change in the iron-binding capacity of
the serum.

6. These observations would indicate that the
hypoferremia which accompanies infections is not
the result of a reduction in the iron-binding ca-

pacity of the serum but is dependent upon some

other factor.
7. The observations of Holmberg and of Laurell

that the "braking" mechanism described by Wald-
enstrdm is attributable to the fact that iron, in ex-

cess of that which can be bound, rapidly leaves the
blood stream, and their conclusion that the intra-
venous administration of iron in excess of the
amount which can be bound produces toxic symp-
toms, have been confirmed.
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