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In a previous paper we pointed out that while
it was often assumed that the iron enzymes were
"inviolate" in iron deficiency, this view was un-
supported by any acceptable experimental evi-
dence. Indeed, it was possible to demonstrate that
in rats rendered iron deficient by a combination of
bleeding and iron-poor diet, the cytochrome C con-
tent of the liver and kidneys was diminished mark-
edly (1). As yet, these studies have not been ex-
tended to human subjects because of the difficulty
in obtaining sufficiently large samples of cyto-
chrome-containing tissues. However, another
iron enzyme, the heme-protein complex catalase, is
readily available for study in the red blood cells
of patients, and it seems surprising that more at-
tention has not been paid to this easily obtained
and easily measured enzyme in the iron-deficiency
state. A few measurements have been made of
catalase activity in the organs of iron-deficient ex-
perimental animals and these have yielded contra-
dictory results (2, 3). Studies in man have been
limited in scope and have yielded difficult-to-in-
terpret and inconclusive results. It is usually un-
clear whether the patients who were studied were
iron-deficient or not (4-11). Furthermore, in
nearly all instances the method of catalase estima-
tion is clearly invalid; a catalase index was calcu-
lated by dividing the number of milligrams of
peroxide destroyed in a fixed period of time by the
red blood cell count. Since the destruction of
H202 by catalase is a first order reaction, the quan-
tity of H202 that has been decomposed at any given
time is not a linear function of the amount of en-
zyme present. In addition, the incubation times
used, up to two hours, were so long that virtually
all the peroxide was destroyed, and the quantity
of enzyme was no longer an important limiting
factor in the reaction.

The study described in this paper was under-
taken to clarify the effect of iron deficiency on
catalase activity in the red blood cells of man.

MATERIALS ANDMETHODS

Patients. All subjects studied were patients or labora-
tory personnel of The University of Chicago Clinics.
The normal group was composed of five males and four
females whose bone marrow showed the presence of ade-
quate iron stores or who were regularly taking iron
orally as prophylaxis against recurrence of iron-deficiency
anemia. The diagnosis of iron-deficiency anemia in the
other 11 subjects was based upon the usual clinical
criteria.

Blood samples. Blood samples were obtained by veni-
puncture. Heparin was used as the anticoagulant. Red
blood cell counts, hemoglobin determinations, and hemato-
crits were carried out on fresh blood samples, using con-
ventional techniques. Freezing and storing did not in-
fluence catalase activity, and in a few instances, the sam-
ples were stored in the frozen state before the catalase
activity was determined.

Catalase actisity determinations. Catalase activity was
measured according to the method of von Euler (12).
Five ml. of 1: 2,000 and 1: 4,000 dilutions of whole blood
in distilled water was added to flasks containing 45 ml.
of 0.0078 N H.02 in 0.03 M phosphate buffer at pH
6.8. All reagents were held at ice water tempera-
ture. The amount of peroxide remaining at three, six
and nine minutes was measured by titration of an ali-
quot with permanganate after the reaction had been
stopped with sulfuric acid. At the dilutions used, the
reaction rate was found to be proportional to the amount
of blood present. von Euler has employed the unit
"Kat F" to designate the catalase activity per Gm. dry
weight of enzyme preparation in this system. Since we
were interested in the catalase activity as related, not to
dry weight, but to volume of red cells, the number of
red cells, and the hemoglobin content of the red cells,
we have arbitrarily defined Kat F(v), Kat FRBc) and Kat
F(Hb) as the catalase activity of 1 ml. of red cells, 1010 red
cells, and 1 Gm. hemoglobin, respectively, acting in a
50 ml. volume. Plasma is devoid of catalase activity and
does not potentiate or inhibit the enzymatic activity of
red cells. It is therefore ignored in these calculations.
Base 10 logarithms have been used in determining the re-
action constant.

RESULTS

The catalase activity of red cells from normal
and iron-deficient subjects is presented in Figures
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lase activity of normal red cells was 65.9 ± 2.5 1
Kat F(v) units while that of iron-deficient red cells
was 64.0 + 3.2 1 Kat F(v) units. Whenexpressed
as catalase activity per 1010 red cells, however, the
catalase activity of the red cells of the iron-deficient
subjects was somewhat reduced. The degree of
reduction of catalase activity was related to some
extent to the severity of the iron deficiency as
judged by the patient's hemoglobin level (corre-
lation coefficient equals + 0.20). This is simply

IJECT a reflection of the microcytosis of the red cells in
ENT iron deficiency. The mean catalase of normal red

cells was 60.4 ± 2.1 1 Kat F(RBC) units while that
of iron-deficient cells was 54.8 ± 3.01 Kat F(RBC)
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FIG. 1. THE RELATIONSHIP BETWEENTHE PATIENT'S

HEMOGLOBINLEVEL AND CATALASEACTIVITY PER MILLI-
LITER OF RED CELLS

1 through 3. It is apparent that the catalase ac-

tivity per ml. of red cells was essentially the same

in normal and iron-deficient subjects. This was

true regardless of the severity of the anemia as in-
dicated by the patient's hemoglobin level (correla-
tion coefficient equals - 0.0043). The mean cata-
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units. Whenthe catalase activity was expressed as

activity per Gm. of hemoglobin, a substantial in-
crease in catalase activity in the iron-deficient as

0

compared with the normal group was observed.
The increase was inversely proportional to the

* NORMALSUBJECT hemoglobin level of the patient's blood (correlation
IRON-DEFICIENT coefficient equals 0.60). This finding is a re-

SUBJECT flection of the reduction of hemoglobin concentra-

tion of the red cells which occurs in iron-deficiency
anemia. The mean catalase activity of normal red

cells was 198.2 + 6.8 1 Kat F(Hb) units while that
10 12 14 16

18 of iron-deficient red cells was 241.4 + 13.01 Kat
;LOBIN (Gm. %) F(Hb) units.
BETWEENTHE PATIENT'S No significant sex difference in red cell catalase
LASE ACTIVITY PER 1010

1 One standard error.
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activity was observed in the small number of sam-
ples that was studied.

DISCUSSION

It is apparent from these studies that even un-
der conditions of severe iron need, the concentra-
tion of catalase in human red cells remains normal.
If it is true, as has been suggested by Theorell,
Beznak, Bonnichsen, Paul, and Akeson (13), that
catalase and hemoglobin derive their heme groups
from a common source, then it would appear that
the catalase synthesizing mechanism has more suc-
cess in competing for the limited amount of avail-
able heme than has the hemoglobin synthesizing
mechanism. This would appear to be the reverse
of the situation with cytochrome C, where it has
been shown that the hemoglobin of iron-deficient
animals returns to normal values while the cyto-
chrome C content of liver and kidney is still very
low (1).

SUMMARY

The catalase activity of the red cells of 9 nor-
mal subjects and 11 subjects with iron-deficiency
anemia has been determined. Iron deficiency pro-
duced no change in the catalase activity per milli-
liter of red cells. Therefore, there was a slight
decrease in catalase activity per 1010 red cells and
a well marked increase in catalase activity per Gm.
of red cell hemoglobin, reflecting the microcytosis
and hypochromasia which occur in iron-deficiency
anemia. These findings indicate that the mecha-
nism synthesizing red cell catalase is more success-
ful in competing for a limited quantity of iron than
is the hemoglobin synthesizing mechanism, when
only a small quantity of iron is available.

REFERENCES
1. Beutler, E. Iron enzymes in iron deficiency. I.

Cytochrome C. Amer. J. med. Sci. 1957, 234, 517.

2. Schultze, M. O., and Kuiken, K. A. The effect of
deficiencies in copper and iron on the catalase ac-
tivity of rat tissues. J. biol. Chem. 1941, 137, 727.

3. Adams, D. H. The effect on mouse-liver catalase
activity and blood-haemoglobin level of a milk diet
deficient in iron, copper, and manganese. Biochem.
J. 1953, 54, 328.

4. Krumbhaar, E. B., and Musser, J. H., Jr. The cata-
lase content of the blood in different types of
anemia. J. Amer. med. Ass. 1920, 75, 104.

5. Van Thienen, G. J. tVber die pernizi6se Animie als
eine selbstandige Krankheit. Dtsch. Arch. klin.
Med. 1920, 131, 113.

6. Strauss, H., and Rammelt, G. Untersuchungen uber
die Blutkatalase bei Blutkrankheiten. Biochem. Z.
1921, 122, 137.

7. Segall, E., and Handel, M. t~ber den Katalasegehalt
des Blutes und seine differentialdiagnostische
Bedeutung. Dtsch. Arch. klin. Med. 1922, 138,
243.

8. Deutsch, L., and Frankl, J. Untersuchungen uber den
Katalasegehalt des Blutes bei Krebskranken. Z.
Krebsforsch 1933, 40, 98.

9. Yamagata, S., and Nakao, T. Studies on blood and
plasma catalase. II. Blood catalase in digestive
disease patients. Tohoku J. exp. Med. 1952, 57,
93.

10. Yamagata, S., and Seino, S. Studies on blood and
plasma catalase. III. Blood and plasma catalase in
blood diseases. Tohoku J. exp. Med. 1953, 57, 101.

11. Richardson, M., Huddleson, I. F., Trustdorf, M., and
Bethea, R. Study of catalase in erythrocytes and
bacteria. III. Catalase activity of erythrocytes
from humans and animals in various pathological
states. Arch. Biochem. 1953, 47, 338.

12. von Euler, H., Franke, W., Nilsson, R., and Zeile, K.
Die Katalasen und die Enzyme der Oxydation und
Reduktion in Chemie der Enzyme. II. Teil, Spe-
zielle Chemie der Enzyme, H. von Euler, Ed. Mu-
nich, J. F. Bergmann, 1934, p. 72.

13. Theorell, H., Beznak, M., Bonnichsen, R., Paul,
K.-G., and Akeson, A. On the distribution of in-
jected radioactive iron in guinea pigs and its rate
of appearance in some hemoproteins and ferritins.
Acta chem. scand. 1951, 5, 445.

835


