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I. M. MERRILL, AND M. M. WINTROBE

(From the Department of Medicine, University of Utah School of Medicine, Salt Lake City)

(Received for publication July 7, 1945)

In the preceding paper (1), it was reported that
the anemia of infection in humans is associated
with hypoferremia and is accompanied by an in-
crease in the content of copper in the serum, as
well as by coproporphyrinuria and an increase in
erythrocyte protoporphyrin. The theory was
offered that the anemia of infection is the conse-
quence of an alteration in the intermediary meta-
bolism of iron which diverts this metal to the
tissues and makes it unavailable for hemoglobin
synthesis.

In this paper, the results of the experimental
production of inflammation in dogs are presented,
as well as experiments devised to elucidate the
pathogenesis of the hypoferremia and anemia
which developed.

METHODS

Large mongrel dogs were used for these experiments.
The strain of hemolytic Staphylococcus aureus used was
isolated from the draining sinus of a patient with chronic
osteomyelitis and anemia of long standing. Toxin was
prepared by heating a 15-day broth culture at 70° C. for
2 hours in an oven at atmospheric pressure. Commercial
triple typhoid vaccine was used as a source of typhoid
toxin. For the production of sterile turpentine abscesses,
oil of turpentine, rectified, U.S.P. was used. Sterile
pleural effusions were produced by first anesthetizing the
dogs with a 5 per cent solution of pentobarbital, given
intravenously, and then injecting 1.5 ml. of turpentine
intrapleurally under sterile precautions. The effusions
were removed after 48 hours with an aspirating needle.

The volume of packed red cells was measured by the
method of Wintrobe (2). Plasma iron was determined
by using the procedure of Kitzes, Elvehjem, and Schutte
(3). The erythrocyte protoporphyrin determinations were
performed by the method of Grinstein and Watson (4).

1The work described in this paper was carried out
under a contract, recommended by the Committee on
Medical Research, between the Office of Scientific Re-
search and Development and the University of Utah.
The expenses of this investigation were also defrayed in
part by grants from Parke, Davis and Company and the
Upjohn Company.

EXPERIMENTALDATA

The effects of the intramuscular injection of a pure
growth of hemolytic staphylococcus aureus in 3 animals
on the volume of packed red cells and on the plasma iron
are shown in Figure 1. Following 5 initial observations
under normal conditions in each animal, 2 ml. of the broth
culture were injected, and the dose doubled each day
thereafter for 4 days. A large abscess involving the en-
tire leg developed in each case and 3 to 4 days later a
profuse purulent exudate began to drain. Complete re-
covery took place only after 3 to 4 weeks. As can be
seen from the figure, the plasma iron dropped precipitously
to levels of 15 to 30 micrograms per cent in 48 hours.
Maximal anemia did not develop until approximately 15
days later at which time the plasma iron had risen to
slightly above the preinjection level. Following this rise,
the volume of packed red cells and plasma iron returned
simultaneously to the normal levels. Erythrocyte proto-
porphyrin was measured at intervals throughout the ex-
periment, but the value did not rise above the normal
range of 30 to 50 micrograms per 100 ml. RBC.

To eliminate the possibility that the changes observed
might be due to the repeated withdrawal of blood, 3 con-
trol animals were subjected to the same procedures, ex-
cept that infections were not produced in them. Neither
anemia nor hypoferremia developed. The volume of
packed red cells remained above 43 ml. per 100 ml. of
blood, and the plasma iron values were never less than
100 micrograms per cent.

To ascertain whether or not the changes observed in
association with infection (Figure 1) were due to the
elaboration of bacterial toxins, staphylococcal toxin was
injected intramuscularly into 3 animals for 4 consecutive
days. The results are presented in Figure 2. Only a
very questionable fall in plasma iron occurred and no
anemia developed. The experiment was then repeated
(Figure 3) using a larger initial dose of toxin, and a
definite fall in plasma iron resulted. The plasma iron
dropped, however, not to between 15 and 30 micrograms
per cent as it did when an infection had been produced
(Figure 1), but only to between 75 and 110 micrograms
per cent. Moreover, the pre-injection plasma iron levels
were higher than in the animals to which smaller doses
of toxins had been given. There was a moderate local
reaction at the sites of the injections, the dogs became
lame, and there was a definite systemic reaction. Typhoid
vaccine (Figure 4) in the doses used failed to produce
hypoferremia. No local or systemic reactions were noted.
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FIG. 1. HYPOFERIEMIA ANDANEMIA DEVELOPINGAS THE RESULTOF THZ PRODUC-
TION OF STAPHYLOCOCCUSABSCESSESIN 3 DoGs

The abscesses healed after 3 to 4 weeks.
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FIG. 2. THE EFFECT OF THE INTRAMUSCULARINJECTION OF STAPHYLOCOCCUSTOXIN
ON THE PLASMAIRON ANDVOLUMEOF PACKEDRED CELLS OF 3 DoGs
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FIG. 3. THE EFFECT OF THE INTRAMUSCULARINJEC-
TION OF LARGER AMOUNTSOF STAPHYLOCOCCUSTOxIN
IN 3 DOGS

It has been shown that a marked derangement in cel-
lular metabolism occurs in inflammatory tissue and that
specific substances are elaborated which cause fever, leu-
kocytic migration, and leukocytosis and also affect the
bone marrow (5). To investigate the possibility that in-
flammatory tissue might be capable of elaborating a sub-

stance which lowers plasma iron, sterile intramuscular
abscesses were produced in 16 dogs with turpentine. Rep-
resentative results in 5 animals are shown in Figure 5
where it can be seen that the plasma iron fell precipitously
during the first 48 hours following injection of turpentine
and rose quite rapidly thereafter. The volume of packed

FIG. 5. RAPID DEVEOPMENTOF HYPOFERIEMIA AND

MODERATEANEMIA FOLLOWINGTHE INTRAMUSCULARIN-
JECTION OF 10 ML OF STERILE TURPENTINE IN 5 DoGs

red cells declined slightly in 7 days. There was no change
in the erythrocyte protoporphyrin content in this time.
All of the dogs were acutely ill and incapacitated from
the single injection of 10 ml. Marked edema involving
the entire extremity developed in about 48 hours. A few
of the abscesses broke down and exuded a thin, slightly
hemorrhagic material. These dogs subsequently recov-

ered without the development of definite anemia.
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FIG. 4. THE EFFECT OF THE INTRAMUSCULARINJECTION OF TYPHOID VACCINE ON

THE PLASMA IRON AND VOLUMEOF PACKEDRED CELLs OF 3 DoGS
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FIG. 6. HYPFonMIA DEVELOPING FOLLOWING THE
INTRAMUSCULARINJECTION OF 10 ML. OF SmLETUR-
PENTINE IN 5 DoGs

The rate of fall of the plasma iron is depicted in 5
additional animals in Figure 6. The iron was signifi-
cantly lowered in 24 hours and reached the lowest values
(12 to 40 micrograms per cent) in 48 hours. Thereafter,
the level began to rise. In Figure 7, the results of a
second intramuscular injection of turpentine in 3 dogs are
shown. These dogs became definitely anemic, and 2 of
them died on the sixteenth day of the experiment. The
third survived, and in this dog the plasma iron rose.

The effects of the injection of sterile turpentine intra-
pleurally with the production of a pleural effusion in 3
animals are shown in Figure 8. This experiment was
done in 7 additional animals with the same results. The

FIG. 8. THE EFFEcT OF THE PRODUCTIONOF A STEILE
PLEURAL EFFUSION (TURPENTINE) ON THE PLASMA
IRON LEVELS OF 3 DoGS

plasma iron fell somewhat more rapidly than following
the intramuscular injections and reached the low level of
25 to 35 micrograms per cent in 24 hours.

With the object of demonstrating the presence of a
hypoferremia-producing factor in inflammatory exudates,
dogs were injected intrapleurally with turpentine, and 48
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FIG. 7. HYPOFERREMIAAND MODERATEANEMIA FOLLoWING 2. INTRAMUSCULARINJEC-
TIONS OF 10 ML. OF STERiLE TURPENTINE IN 3 DoGS
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FIG. 9. HYPOFERREMIADEVELOPING FOLLOWINGTHE INTRAVENOUS IN-
JECTION OF 50 ML. OF STERILE PLEURAL EFFUSION FLUID IN 7 DOGs

hours later 50 ml. of the effusion was aspirated and im-
mediately injected intravenously into each of a second
group of 12 dogs. The results in 7 animals are shown in
Figure 9. A fall in plasma iron occurred following in-
jection of the sterile pleural exudates. This fall was not
as marked as in the case of sterile turpentine given either
intramuscularly or intrapleurally. In 5 control animals
from which samples of blood were taken at intervals cor-

responding to those in the injected dogs, the plasma iron
also fell, although not to a comparable degree.

DISCUSSION

It appears from these experiments that hypo-
ferremia of pronounced degree develops in dogs
following the production of an infected (staphylo-
coccus) or a sterile (turpentine) abscess. This
effect was marked 24 hours following the injection
of bacteria or turpentine and was maximal at 48
hours. The intravenous injection of a sterile
pleural effusion produced by the injection of tur-
pentine, also was followed by a slight drop in
plasma iron. The effects of the injection of
staphylococcal toxin were less clear-cut.

Anemia developed following the injection of
bacteria (Figure 1) and a moderate fall in volume
of packed red cells occurred following the injec-
tion of turpentine (Figures 5 and 7). It is of
interest that hyperferremia of brief duration ap-

peared to develop following the hypoferremia and
preceded the time when the volume of packed red
cells commenced to return to normal.

It is to be noted that the experimental con-

dition produced in these dogs differed from that

seen in patients with anemia associated with
chronic infection in that hypoferremia was of long
duration in the latter. Furthermore, studies to
date have revealed no increase of erythrocyte pro-
toporphyrin in the dogs nor any significant altera-
tions in the level of copper in the serum. These
differences may possibly be due to the relatively
acute character of the experimental disorder.

In the previous paper (1), evidence was pre-
sented which suggested that iron is rapidly re-
moved from the blood stream in cases of chronic
infection associated with anemia. The similarities
between the anemias of infection and iron defi-
ciency were pointed out. It was also reported
that in the anemia of infection there is an increase
in erythrocyte protoporphyrin and in serum
copper.

In regard to these observations it is noteworthy
that an accumulation and fixation of iron in in-
flammatory tissue has been reported (7, 8) and
an increased iron retention has been found in
febrile conditions in children (9). Moreover, it
has been demonstrated (10, 11) that during mild
infections in mice, iron accumulates in the reticulo-
endothelial system, a finding which was inter-
preted as indicating that this system is stimulated
in infection to store iron.

On the basis of these observations, it now
seems possible to outline a working hypothesis
for the pathogenesis of the anemia of infection.
According to this hypothesis, as a consequence of
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inflaation, the iron is diverted to the tissues
and is not available for hemoglobin synthesis. As
a result of this demand of the tissues for iron, the
removal of this element from the blood stream is
hastened and possibly its absorption from the
bowel is increased. Because iron is not available
for use by the bone marrow, the reaction Proto-

cu++
porphyrin + Iron -p Heme cannot proceed.
The protoporphyrin in the erythrocytes and the
copper in the plasma cannot be utilized and are
stored awaiting the time when iron is available.
Whether a specific hypoferremia-producing factor
is elaborated by inflammatory tissue, we are un-
able to state from the evidence which is now
available. This possibility is being investigated
further.

If under the conditions of infection the tissues
have a high requirement for iron, questions of
great interest are why they should need more
iron, and what function this element performs in
the inflammatory reaction. Little is known in re-
gard to these questions, except for the observations
(12, 13) which demonstrated that in tuberculous
rabbits the repeated intravenous injection of ferric
chloride results not only in an accumulation of
iron in the caseous areas, but also in an increase in
the survival time of the rabbits. Thus, it seems
that the increase in tissue iron may exert an effect
which is beneficial.

SUMMARY

1. Hypoferremia and anemia developed in dogs
when abscesses were produced by the intramuscu-
lar injection of staphylococci. The hypoferremia
preceded the development of anemia.

2. Staphylococcal toxins failed to cause anemia
and produced only a moderate lowering of the
plasma iron. Typhoid vaccine failed to produce
either hypoferremia or anemia.

3. Dogs in which sterile turpentine abscesses
were produced developed pronounced hypofer-
remia within 48 hours.

4. A worldng hypothesis for the pathogenesis
of the anemia of infection has-been outlined.
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